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Creativity, the highest level of human wisdom, has become an increasingly important
concept in different fields of psychological enquiry, particularly because itis portrayed
as contributing to many aspects of society, including personal development, economic
prosperity and technological advancement. However, although considerable research
attention from a wide range of disciplinary backgrounds has focused on trying to
understand creativity, the specific nature of creativity, its theoretical underpinnings and
cognitive mechanisms, remain unclear, not least when it comes to the understanding
of creativity at the individual level and creativity at the collective level. On the one
hand, there are crucial distinctions between individual and collective creativity. On
the other hand, the process of being creative involves not only independent or
individual efforts but also interdependent or collective efforts. Understanding these
differences and interrelationships is crucially important in studies of creativity. In this
Research Topic, we bring together research from a wide variety of cognitive and
psychological approaches and perspectives in order to provide a comprehensive
and in-depth understanding of creativity at both the individual and collective levels.

Furthermore, cognitive mechanisms in the creativity process are unavoidably
affected by sociocultural factors and these mechanisms look different across
cultures, particularly between Eastern cultures and Western cultures, two worlds
that often imply dramatically dissimilar values and perspectives. Despite the fact
that many studies have compared and contrasted these two cultures in various
respects, little research has focused on the specific topic of cultural variation in
creative cognition. In addition, very few studies have examined the differences in the
cognitive mechanisms underpinning the cultural variations that can be observed at a
surface level. This Research Topic aims to fill this gap in the literature and examine the
cognitive processes and mechanisms in the creativity process at both individual and
collective levels across different cultures by using theoretical and empirical evidence.
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Little is known about the association between emotional intelligence (El) and trait
creativity (TC), and the brain structural bases which involves. This study investigated
OPEN ACCESS the neuroanatomical basis of the association between El and TC which measured by
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account for the relationship between El and TC. These findings confirmed the close
relationship between El and TC, and highlighted that the brain volumetric variation in the
OFC associated with the top-down processing of emotion regulation, which may play a
critical role in the promotion of TC. Together, these findings contributed to sharpening
the understanding of the complex relationship between El and TC from the perspective
of brain structural basis.

Keywords: emotional intelligence, trait creativity, orbitofrontal cortex, gray matter volume, voxel-based
morphometry

INTRODUCTION

Emotional intelligence (EI) refers to the ability to reason and analyze emotions accurately, as well
as utilize emotions and emotional knowledge to enhance thought and action (Mayer et al., 2008),
which also reflects individual’s ability to perceive, regulate, and utilize emotion (Salovey and Mayer,
1990). Individuals with high EI are more likely to gain more beneficial outcomes (Parke et al., 2015),
such as closer relationship (Brackett et al., 2006), better social problem solving (Barbey et al., 2014),
higher well-being and life satisfaction (Kong and Zhao, 2013), better work performance and higher
academic achievement (Rivers et al., 2012; Libbrecht et al., 2014). On the contrary, the deficiency of
EI always pose a threat to mental and body health, which may cause psychological distress (Hertel
etal,, 2009), gaming and Internet abuse (Parker et al., 2013), anxiety and depression (Salguero et al.,
2012; Zavala and Lopez, 2012).
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Emerging neuroscience studies have revealed that several
emotion-related regions may correlate with EI, such as the
anterior insula (AI), amygdala, orbitofrontal cortex (OFC),
anterior cingulate cortex (ACC), and ventromedial prefrontal
cortex (vmPFC) (Frith and Frith, 2007; Blakemore, 2008;
Krueger et al., 2009; Kreifelts et al., 2010; Koven et al., 2011;
Takeuchi et al., 2011, 2013a,b; Pan et al., 2014; Tan et al., 2014;
Hogeveen et al., 2016b). The AI and ACC have been regarded
to play a critical in the generating of emotional awareness,
an important ability to perceive feelings of oneself (Medford
and Critchley, 2010; Hogeveen et al., 2016a). For the ability to
understand other’s emotions, some evidence showed that the
amygdala and the vmPFC may aim to ensure the recognition of
facial expressions (Vuilleumier et al., 2004; Wolf et al., 2014). The
OFC has been regarded as a core region of emotional assessment
and emotional regulation, especially which adjusts emotional
expression by reasonably evaluating the emotional salient stimuli
and regulating the subjective emotional experience (Kringelbach,
2005; Roelofs et al., 2009). Prior studies also found the OFC is
associated with inhibitory control, which may help to regulate
negative emotion effectively, reduce maladaptive behavior, and
enhance behavior flexibility (Roberts and Wallis, 2000; Rudebeck
et al., 2013). In addition, studies on human brain lesion further
confirmed several brain regions related to individual’s emotional
ability. Patients with substantial lesion in the AI exhibited
significantly higher levels of alexithymia (Hogeveen et al., 2016a).
Alexithymia can be characterized by dysfunction in emotional
awareness, social interaction, and interpersonal relationship
(Bagby et al.,, 1994), which was negatively correlated with EI
(Baughman et al., 2013; Onur et al., 2013). Other research showed
that patients with damages in the OFC exhibit lower EI score and
behaved handicaps in emotional regulation compared with the
healthy group, which significantly impaired subjective emotional
experience and adaptive behavior (Bar-On et al., 2003; Beer et al.,
2003; Hornak et al., 2003; Krueger et al., 2009; Hogeveen et al,,
2016b). At the extremes, the damage or dysfunction in the OFC
may result in ‘acquired sociopathic’ behavior (Saver and Damasio,
1991).

Combining the above studies, it is obvious that EI plays
an important role in emotional processing, interpersonal
communication, academic achievement, work performance and
so on, which reveals the ability to perceive, regulate, and utilize
the emotions of oneself and others is vital for daily life. As an
extremely important human activity, creative behavior would be
affected by emotion as well (Higgins et al., 1992; Fong, 2006;
Hoffmann and Russ, 2012; Kim et al., 2013; Ding et al., 2014;
Hao et al., 2017), while previous studies also showed a significant
positive correlation between EI and creativity (Guastello et al.,
2004; Barczak et al., 2010; Carmeli et al., 2014; Parke et al.,
2015; Sahin et al., 2016; Toyama and Mauno, 2017). For example,
Barczak et al. (2010) investigated the influence of team EI on team
creativity in a young sample. They found team EI enhanced team
creativity by promoting team trust and developing a collaborative
culture of the team. Researchers also investigated the impact
of EI on creativity in workplace, Carmeli et al. (2014) found
that employees with higher EI tend to exhibit a higher level of
generosity, which fosters a sense of vigor, and further results in

the enhancement of creativity. In addition, based on the affective
information processing theory, a recent study showed that the
emotional regulation of EI allows employees to keep more
positive affect when facing a complex problem situation, and the
emotional facilitation of EI enables employees to utilize positive
affect to promote creativity (Parke et al., 2015). Guastello et al.
(2004) investigated the relationships among EI, mood disorders,
and creativity, results showed that EI and creativity were higher
among people with mood disorders who completed treatment
relative to people in treatment, which means EI may improve
creativity by offsetting emotional disorders and maintaining
positive affect (Guastello et al., 2004). The above findings revealed
a positive effect of EI on creativity.

As we know, numerous outstanding creators like Albert
Einstein always possess great creative potential that makes
them unique and acquires more creative achievements. Creative
potential can be regarded as a multidimensional composite
consists of some aspects related to cognition and others related
to personality (Gough, 1979; Piffer, 2012; Li et al., 2015; Silvia
et al,, 2016). Creative cognition refers to the cognitive processes
that occur in the generation and evaluation of creative ideas
and products, such as divergent thinking, whereas creative traits
might be a series of aptitude or personality variables (e.g.,
curiosity, openness to experience, and imagination) that also
could integrate other factors such as psychopathological traits
and genetic impacts (Zeng et al., 2009; Piffer, 2012; Li et al,
2015; Zhuang et al., 2017). In line with precious studies (Li
et al., 2015; Zhuang et al., 2017), we focused on personality or
aptitude aspects of the creative trait that usually assessed using
the Williams creativity aptitude test (WCAT). These aptitudes
(trait creativity, TC) have a positive impact on creative thinking
and creative problem solving (Sternberg, 1999). Prior study also
suggested that TC acts as a valid predictor of creative achievement
in real life (Feist and Barron, 2003). Most existing studies,
however, have only focused on the association between EI and
creative cognition, ignoring the association between EI and TC, as
well as the brain structure bases which involves. Thus, the present
study aimed to investigate the association between EI and TC,
and elucidates the brain neural substrates between them in a large
young sample.

A recent voxel-based morphometry (VBM) study revealed
that TC (as measured by WCAT) was associated with
emotion-related brain structures, such as the regional gray
matter volume (rGMV) of the OFC, hippocampus, and amygdala
(Zhuang et al., 2017), while these regions are closely related to
emotional processing. Intriguingly, another brain structure study
also found that EI displayed a close correlation with the rGMV
in the insula, OFC, and the parahippocampal gyrus (Tan et al.,
2014). These similar brain regions involved in EI and TC suggest
that they may share a common brain structure basis. Moreover,
individuals with higher EI who exhibit more excellent ability of
emotional processing and tend to be critical thinkers (Yao et al.,
2017), which may help to creative problem solving (Eggers et al.,
2017). Taken together, the above findings may reveal a close
relationship between EI and TC, and the underlying similar brain
structures that they both involved. However, to our knowledge,
there is no direct evidence have clarified the complex association

Frontiers in Psychology | www.frontiersin.org

June 2018 | Volume 9 | Article 925


https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

He et al.

Emotional Intelligence and Creativity

between them. In this study, we examined the association
between EI and TC, as measured by the Schutte Self-Report
Emotional Intelligence Scale and WCAT, respectively. Then,
the VBM analysis was used to identify the rGMV related to
EI at the whole-brain level. Considering EI refers to a set
of emotional abilities (e.g., emotional regulation, utilization of
emotions, appraisal of emotions and so on), we hypothesized that
EI would be closely associated with the rGMV in emotion-related
areas such as the OFC, ACC, and the amygdala. Furthermore,
we conducted a mediation analysis to explore whether brain
structures could account for the association between EI and TC,
because EI and TC may share similar brain structure bases (Tan
etal., 2014; Zhuang et al., 2017).

MATERIALS AND METHODS

Participants

A total of 225 right-handed, healthy subjects from the Southwest
University in China participated in the study as part of our
ongoing project to examine the associations between brain,
creativity, and mental health. Seven subjects were excluded
because of incomplete behavior data, and five participants were
excluded due to extraordinary motion artifacts. Therefore, 213
participants were included in analyses (103 males and 110
females; mean age = 20.0 & 1.3; ranged from 17 to 27). Based on
a self-report questionnaire survey before the scan, none of them
had a history of psychiatric or neurological illness, or substance
abuse. This study was granted by the Institutional Review Board
of Southwest University Imaging Center for Brain Research, and
all participants signed the written informed consents.

Emotional Intelligence Scale

The Schutte Self-Report Emotional Intelligence Scale (SSREIS) is
an effective self-report EI assessment that developed by Schutte
etal. (1998). The SSREIS in Chinese version has been widely used
in Chinese populations and includes four dimensions: regulation
of emotions, utilization of emotions, self-emotion appraisal, and
others’ emotion appraisal (Wang, 2002). Each item was used a
five-point scale ranging from “not true of me” to “very often true
of me.” The total score is calculated by adding the answers of all
the items, which represents the level of EI. The Cronbach’s o in
the present study was 0.79.

Williams Creativity Aptitude Test

Trait creativity was measured by the WCAT, which is part of
the creativity assessment packet (Williams, 1980). The Chinese
version developed by Lin and Wang (1994), which consists of
50 items and contains four domains: challenge, imagination,
curiosity, and risk-taking. Participants were instructed to rate the
extent to which they agree or disagree with each item using a
six-point Likert scale. The total score was calculated by adding
the answers of all the items. The higher score individuals have,
the greater aptitude for creativity they exhibit. This scale showed a
good reliability and validity in prior studies (Lin and Wang, 1994;
Hwangetal., 2007; Liet al., 2015). The Cronbach’s o in the present
study was 0.79.

General Intelligence

In order to dispel the impact of general intelligence on
El and creativity, the Chinese version of the Combined
Raven’s Test-Rural (CRT-RC3) was used to measure individuals’
general intelligence. The CRT-RC3 contains the Raven’s colored
progressive matrix (A, B, and AB sets) and Raven’s standard
progressive matrix (C, D, and E sets), which consist of 72
non-verbal items and each item requires participants to select the
best answer from six or eight alternatives to complete the missing
matrix. This scale has been widely used in Chinese populations
and previous researches have reported that this test exhibits
a good degree of reliability and validity in measuring general
intelligence (Wang, 2007).

Magnetic Resonance Image Data
Acquisition

Imaging data were collected by using a 12-channel head coil
on a Siemens 3 T Trio scanner (Siemens Medical Systems,
Erlangen, Germany). High-resolution T1-weighted structural
images were acquired with a magnetization-prepared rapid
gradient echo (MPRAGE) sequence: TR = 1900 ms; TE = 2.52 ms;
flip angle = 9° FOV = 256 mm x 256 mm; slices = 176;
thickness = 1.0 mm; voxel size =1 mm X 1 mm X 1 mm.

Voxel-Based Morphometry Analysis

The MR images were processed with the VBM toolbox using
SPM8' implemented in MATLAB R2010a (Math Works Inc.,
Natick, MA, United States). Firstly, all images from each subject
were displayed in SPMS8 to screen for artifacts or gross anatomical
abnormalities. In the process of registration, the MR images
were manually reoriented to the anterior commissure to enhance
registration. Then, the MR images were segmented into gray
matter, white matter, and cerebrospinal fluid by using the new
segmentation toolbox in SPMS8. Subsequently, we performed
DARTEL for registration, normalization, and modulation
(Ashburner, 2007). To ensure that regional differences in the
total amount of gray matter were conserved, the image intensity
of each voxel was modulated by Jacobian determinants derived
from spatial normalization (Good et al.,, 2001). Additionally, the
registered images were transformed to MNI space. Finally, in
order to improve the signal-to-noise ratio, an 8-mm full-width
at half-maximum (FWHM) Gaussian kernel was used to smooth
the modulated images.

Statistical Analysis

Voxel-based morphometry analysis was performed in SPM8. We
used multiple linear regression analysis at the whole-brain level
to determine whether the rtGMV was associated with individual
differences in EI score. In order to eliminate the potential effects
of possible confound variables, gender, age, general intelligence,
and total GMV were controlled as no interest variables. An
absolute threshold masking of 0.2 was used to minimize the
boundary effects between gray matter and white matter, which
means signal intensity values of voxels with gray matter lower

'www.fil.ion.ucl.ac.uk/spm
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than 0.2 were removed from the analysis. The voxel-level
family-wise error (FWE) method was used at the whole-brain
level, and the significance threshold was set at p < 0.05, corrected
for multiple comparisons.

Mediation Analysis

To examine whether the specific rGMV could explain the
association between EI and TC, mediation analysis was
performed by using SPSS macro with 0.95 confidence level and
5000 bootstrap sample (Preacher and Hayes, 2004, 2008). The
total effect of EI on TC (path ¢) consists of two parts, namely,
the direct effect of EI on TC after controlling for the rGMV
of the right OFC (path ¢’) and the indirect effect of EI on TC
through the OFC volume (path a x b). The mediation analysis
aims to evaluate whether the indirect effect is significant. If the
confidence interval (CI) does not include zero, which means the
rGMYV of the OFC mediated the association between EI and TC.
In addition, gender, age, general intelligence, and total GMV were
controlled as covariates in the model.

RESULTS

Behavioral Results

The average, standard deviation, and Person correlation of all
variables for this sample are presented in Table 1. The statistical
software SPSS 22.0 was used to analyze all behavioral data, and
the Pearson correlation coefficient of EI and TC was calculated
by controlling for gender, age, and general intelligence. As
indicated in Table 1, there were weakly but significantly positive
correlations between the subscale scores of the SSREIS and the
subscale scores of the WCAT. In addition, the results also showed
that the total score of the SSREIS was strongly and significantly
positively associated with the total score of the WCAT (r = 0.42,
p < 0.001), which revealed a close relationship between EI
and TC.

VBM Results

This study investigated the relationship between the rGMV
and individual difference in EI (measured by SSREIS) at the
whole-brain level. In order to eliminate the potential effects of
possible confound variables, gender, age, general intelligence,
and total GMV were controlled as no interest covariates and
regressed out. At the whole-brain level, multiple regression
analysis revealed a positive relationship between total score of
the SSREIS and the rGMYV in the right OFC (Brodmann area: 11;
MNI coordinate: 30, 36, —12; cluster size = 95; r = 0.33; ¢ = 5.40;
p =0.001, FWE corrected; see Figure 1). There was no significant
negative correlation between total score of the SSREIS and any
other brain regions (p > 0.05, FWE corrected), subscale scores
of the SSREIS also showed an insignificant correlation with any
other brain regions as well (p > 0.05, FWE corrected).

After identifying potential neural correlations of EI, we
used the right OFC that is significantly correlated with EI
from the VBM analysis to further examined the relationship
between WCAT and OFC, the mean gray matter volume
extracted by using the REX toolbox developed by the LKM
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correlation between El and rGMV in the right OFC (r = 0.33, p < 0.001).

FIGURE 1 | Brain regions of positive correlation between GMV and El. (A) The right OFC exhibited significant positive correlation with total score of El as measured
by the SSREIS (shown at t > 3 for visualization purposes), gender, age, general intelligence and total GMV were regressed out. (B) Scatter plots showed the

$
=
S
)
£
v
g
2
O

The total score of EI

experts’. Correlation analysis showed that rtGMV in the OFC
was positively correlated with imagination (r = 0.13; p = 0.05),
curiosity (r = 0.24; p < 0.001), challenge (r = 0.28; p < 0.01),
risk-taking (r = 0.30; p < 0.001), and TC total score (r = 0.32;
p < 0.001) as measured by WCAT. After controlling gender,
age, and Raven’s score, the correlation results stood robust
(imagination, r = 0.12, p > 0.05; curiosity, r = 0.20, p = 0.005;
challenge, r = 0.22, p = 0.001; risk-taking, r = 0.26, p < 0.001; TC
total score, r = 0.26, p < 0.001).

Mediation Results

Based on behavior and VBM results, we performed a mediation
analysis to further explore whether EI affects TC through rtGMV
in the right OFC. In the present study, we chose the EI total score
measured by SSREIS as independent variable, TC (imagination,
curiosity, challenge, risk-taking, and total score) measured by
WCAT as dependent variables, and rGMYV in the right OFC as
the mediator. In addition, we also regarded gender, age, general
intelligence, and total GMV as covariates for all mediation
analyses.

As expected, mediation analysis revealed that (1) rGMV in
the right OFC partially mediated the association between EI total
score and TC total score (path a = 0.31, p < 0.001; path b = 0.18,
p = 0.02; path a x b = 0.06, bootstrapped 95% CI = 0.01, 0.12;
see Figure 2); (2) rGMYV in the right OFC partially mediated the

Zhttp://web.mit.edu/swg/software.htm

Right OFC

A

0.
¢ =0.43%** i
TE TTC

¢’ =0.37%%*
bootstrapped 95% CI=[0.01, 0.12]

FIGURE 2 | Mediation analysis. Path a, path b, and path ¢ are significant, and
path ¢’ is significantly smaller than path ¢ (bootstrapped 95% CI: 0.01-0.12).
The mediation results suggest that rGMV in the right OFC partially mediated
the association between TEl and TTC. TEI, total score of emotional
intelligence; TTC, total score of trait creativity. *p < 0.05. **p < 0.01.

***p < 0.001

association between EI total score and curiosity (path a = 0.31,
p <0.001; path b =0.16, p = 0.04; path a x b = 0.05, bootstrapped
95% CI = 0.002, 0.114); (3) rGMV in the right OFC partially
mediated the association between EI total score and risk-taking
(patha=0.31,p < 0.001; path b=0.16, p = 0.04; patha x b=0.05,
bootstrapped 95% CI = 0.006, 0.115).
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DISCUSSION

The present study investigated the neural basis of EI
and the relationship among EI, brain structure, and
individual TC as measured by WCAT in a large young
sample. Behavioral results showed that EI was positively
correlated with TC, and its noteworthy that there was a
strong and significant positive association between total
score of the SSREIS and the total score of the WCAT.
In addition, VBM results revealed that rGMV in the
right OFC displayed a positive correlation with EI. More
importantly, further mediation analysis showed that the right
OFC volume partially mediated the association between EI
and TC.

Behavioral results confirmed that different dimensions
of EI was positively correlated with TC in varying degrees,
especially there was a strong and significant positive
relationship between the overall level of EI and TC, which
is consistent with previous findings (Guastello et al., 2004).
Several investigations have showed that the higher level of
El individuals have, the better ability to perceive, regulate,
and utilize the emotions of oneself and others they exhibit
(Brackett et al., 2006), which always lead to maintain a
good mood in daily life (Hertel et al, 2009). Meanwhile,
positive affect is also linked with the improvement of
TC (Guastello et al, 2004), that is, individual’s creativity
is generally activated in a positive emotional state, which
contributes to producing more creative behaviors and higher
creative achievements (Ding et al., 2014; Libbrecht et al,
2014). Based on these findings, it is reasonably speculated
that individuals with greater levels of EI tend to exhibit
higher TC.

Voxel-based morphometry results exhibited that EI was
significantly positively correlated with brain regions mainly
located in the right OFC, which has been considered to play
a crucial role in emotional processing, sensory integration,
and reward-driven system (Kringelbach, 2005). Stalnaker et al.
(2015) also suggested that the OFC is critical for signaling
emotions as well. In addition, studies on human brain lesion
provided evidence for the confirmation of emotional function
related to the OFC. For example, patients with lesion in the
OFC performed handicaps in identifying emotional face and
voice (Hornak et al., 2003), as well as effective emotional
regulation (Beer et al., 2003; Hogeveen et al., 2016b), which
significantly impaired interpersonal communication and social
behavior (Hornak et al, 2003). These findings contribute to
the deeper understanding of the OFC guides adaptive behavior
and emotional experience (Stalnaker et al., 2015). Furthermore,
previous VBM studies have demonstrated that individuals with
generalized anxiety disorder have significantly less rtGMV in
the OFC (Moon and Jeong, 2015), while higher EI can predict
less anxiety and depression (Salguero et al.,, 2012; Zavala and
Lopez, 2012), which revealed that the OFC volume may be
closely related to EI, particularly the emotional regulation of
EI (Tan et al., 2014). Spontaneous brain activity during resting
state also found a close relationship between EI and OFC (Pan
et al, 2014). Combined with these findings, individuals with

higher EI generally exhibit better emotional processing ability,
especially in the top-down aspects of emotional regulation,
which is closely related to the volumetric variation in the
OFC.

Interestingly, mediation results revealed that rGMV in
the OFC partially mediated the association between EI and
TC. Based on previous studies, individuals with high EI
generally exhibited excellent emotional regulation ability and
benign social cognitive functioning (Brackett et al, 2006;
Hertel et al., 2009), that may play a major role in promoting
the tendency to engage in creativity (Guastello et al., 2004;
Ding et al, 2014; Parke et al., 2015). From the perspective
of the brain structure variations, the OFC is closely related
to emotional processing (Kringelbach, 2005), especially in
the top-down aspects of emotional regulation (Petrovic
et al, 2016; Silvers et al, 2016). Emotional regulation is
essential for the maintenance of positive affect that further
contribute to promoting creativity (Parke et al., 2015),
our results also showed the OFC volume associated with
TC, which was in line with a recent VBM study. Zhuang
et al. (2017) found that TC was positively correlated with
emotion-related brain region, especially in the OFC (Zhuang
et al, 2017); another neuroimaging study also reported
that the higher levels of self-report creativity individuals
have, the larger cortical surface of the OFC they exhibit
(Bashwiner et al, 2016). These findings provided evidence
for the close association between the OFC and TC, and
further showed the OFC volume could account for the
relationship between EI and TC. Taken together, the above
discussions suggested that the larger volume in the OFC
associated with EI reflects enhancement of emotional
processing ability, especially in the top-down aspects of
emotional regulation, which contributes to the promotion
of TC.

Several limitations of this study should be mentioned.
First, although the sample size is relatively large compared
with other studies (Koven et al, 2011; Killgore et al,
2012), all participants of the present study consisted of
healthy, young undergraduates, which may restrain the
generalizability of these findings. In addition, behavior
data mainly relied on self-report questionnaires, in spite of
previous researches have shown that these questionnaires
used in our study have high reliability and validity, the results
may also be vulnerable to social desirability. The use of
multiple methods and repeated measurements may reduce the
impact of subjectivity. Equally important, the cross-sectional
design limits causal inference, and the implementation of
longitudinal studies may be needed to further clarify causal
directions.

CONCLUSION

The present study found that the gray matter volumetric variation
in the right OFC positively correlated with EI. Moreover, further
mediation analysis revealed that the OFC volume partially
mediated the association between EI and TC, suggested that the

Frontiers in Psychology | www.frontiersin.org

June 2018 | Volume 9 | Article 925


https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

He et al.

Emotional Intelligence and Creativity

larger volume in the OFC associated with EI reflects enhancement
of emotional processing ability, especially in the top-down
aspects of emotional regulation, which contributes to the
promotion of TC. These results help sharpen the understanding
of the relationship between EI and TC from the perspective of
neural substrates.
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Nujaree Intasao and Ning Hao*
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This research explores potential factors that may influence the relationship between
beliefs about creativity and creative performance. In Study 1, participants (N = 248)
recruited from upper secondary schools in Thailand were asked to solve the Alternative
Uses Task (a typical divergent thinking task) and complete a series of questionnaires
concerning individual beliefs about creativity and potential factors of interest. The results
of structural equation modeling reveal a mediation effect of flexibility on the relationship
between self-efficacy and originality. The path from self-efficacy to flexibility was also
partially mediated by positive affect. Self-efficacy was also positively correlated with
task enjoyment and effort. Additionally, the growth mindset was positively associated
with positive affect, while the fixed mindset was positively related to negative affect. In
Study 2, participants (N = 214) were asked to solve the Insight Problems Task (a typical
convergent thinking task). The results indicate that the growth mindset was positively
related to task enjoyment, effort, and positive affect. The fixed mindset was negatively
related to task enjoyment, effort, and creative performance. A positive relationship
between the fixed mindset and negative affect was also observed. Taken together, these
findings unveil some potential factors that mediate the relationships between beliefs
about creativity and creative performance, which may be specific to divergent thinking
tasks.

Keywords: fixed mindset, growth mindset, self-efficacy, beliefs about creativity, creativity

INTRODUCTION
Creativity and Beliefs About Creativity

Psychologists agree upon the definition of creativity as the ability to produce work that is novel
(original and unique) and useful (Stein, 1953; Sternberg and Lubart, 1993; Runco and Jaeger,
2012). From a cognitive perspective, creativity is concerned with two types of thinking, namely
divergent thinking and convergent thinking, both of which lead to creative production (Cropley,
2006). Divergent thinking involves searching through various directions, and multiple solutions to
a problem are generated; in convergent thinking, thought is directed to one correct or best solution
(Guilford, 1956, 1959).

Despite the growing number of studies done on creativity, there is still much to be learned
(Runco and Albert, 2010). Throughout the years, researchers have studied creativity from various
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perspectives, including how individuals’ beliefs influence
creativity. The topic of beliefs about creativity has been
approached from different angles such as how people view
themselves (i.e., creative self-beliefs) and how people perceive
the nature of creativity. In this paper, we focuses on creative
self-efficacy which is one of the key self-beliefs, and beliefs about
the malleable nature of creativity (i.e., creative mindsets) which
have attracted more researchers recently.

Creative self-efficacy is the belief that one can produce
creative outcomes (Tierney and Farmer, 2002). As in most
fields, research on creative self-efficacy has been grounded
in Bandura’s (1977) work on self-efficacy beliefs. Within
this framework, self-efficacy beliefs determine how efficient
people function through cognitive, motivational, affective, and
decisional processes (Bandura, 1993, 2011). Self-beliefs of efficacy
influence how much effort people put into a task, how persistent
they are, and what task choices they prefer (Bandura, 1977;
Zimmerman, 2000b; Schunk and DiBenedetto, 2016). When
facing a challenge, people gauge their capacity to keep themselves
motivated, focus on the task at hand, and manage negative
thoughts and feelings (Bandura and Locke, 2003). Self-efficacy
and performance mutually influence each other (Bandura, 1989;
Williams and Williams, 2010). Past experiences shape people’s
current beliefs and their current beliefs drive their future actions.

Previous research has revealed evidence of the association
between creative self-efficacy and creativity as assessed by various
measures. For instance, in organizational settings, Michael
et al. (2011) found that employees’ creative self-efficacy was
positively related to their self-reported innovative behaviors.
Studies by Tierney and Farmer (2002, 2011) also demonstrated
that employees with high levels of creative self-efficacy tended
to be rated with high levels of creativity by their supervisors
as well. In school contexts, Beghetto et al. (2011) investigated
elementary school students’ self-efficacy in creativity and found
more self-efficacious students were given higher ratings of
creative expression by their teachers. Karwowski (2011) studied
high school and gymnasia students’ creative self-efficacy. Using
an unfinished, framed drawing task as a measure of divergent
thinking, Karwowski also found a positive link between students’
self-efficacy and their performance of the task. Based on prior
research, the connection between creative self-efficacy and
creativity is quite promising.

Unlike creative self-efficacy, creative mindsets are not self-
beliefs but rather implicit theories concerning the source and
nature of creativity (Karwowski and Brzeski, 2017). The work
of Dweck and her colleagues on malleability beliefs has guided
research on creative mindsets (e.g., Dweck and Leggett, 1988;
Mueller and Dweck, 1998; Hong et al., 1999). According to
their research, it makes a difference whether people believe
that a certain attribute is fixed or unchangeable (fixed beliefs)
or that a certain attribute is developable through hard work
(incremental beliefs). When engaging in a task, people with fixed
beliefs attribute their success or failure to the presence or lack
of ability; conversely, people with incremental beliefs ascribe
the task outcome to effort (Hong et al., 1999; Haimovitz and
Dweck, 2017). As such, holding incremental beliefs is linked
to desirable behaviors such as persistence, adoption of adaptive

goals, and resilience in the face of setbacks (Mueller and Dweck,
1998; Yeager and Dweck, 2012). Holding fixed beliefs, on the
other hand, is related to maladaptive behaviors such as learned
helplessness (Hong et al., 1999). Compared to fixed beliefs,
therefore, incremental beliefs lead to achievement in the long
term (Blackwell et al., 2007). Dweck (2006) has introduced the
terms “growth mindsets” and “fixed mindsets.” People with
incremental beliefs endorse a growth mindset, while people with
fixed beliefs endorse a fixed mindset. In this paper, the term
“creative mindsets” is used to refer to beliefs concerning the
malleable nature of creativity.

The concept of creative mindsets is relatively new. As a
result, the connections between creative mindsets and creativity
have been explored less than creative self-efficacy has. O’Connor
et al. (2013) conducted a series of studies to examine creative
mindsets and creativity. Using their self-developed scale, they
found that the creative growth mindset positively predicted
interest in creative thinking, creative performance as assessed by
the Unusual Uses Task (also known as the Alternative Uses Task),
self-reported creativity (Study 1), and prior creative achievements
across various domains (Study 2). Manipulation of creative
mindsets (Study 3) also demonstrated that participants in the
growth-mindset-induced group performed better in the Unusual
Uses Task. This study provided evidence that creative mindsets
affect creative performance. Karwowski (2014) developed a scale
to measure creative mindsets and examined their relations to
creative problem-solving as measured by insight problems. He
found that the fixed mindset was related to inefficient problem-
solving performance.

Besides using different instruments to measure creativity
and creative mindsets, O’Connor et al. (2013) and Karwowski
(2014) viewed two types of mindsets differently in terms of
their constructs. The research done by O’Connor et al. (2013)
was based on the premise that people endorse either fixed
beliefs or incremental beliefs. That is, growth and fixed mindsets
together form one construct. This view is in accordance with the
research done by Dweck and her colleagues (e.g., Hong et al,,
1999; Blackwell et al., 2007). However, Karwowski (2014) argued
that people can hold two kinds of mindsets simultaneously,
which means that the fixed mindset and the growth mindset
should be conceived of as two correlated yet separate constructs.
This view has been supported by correlational results of factor
analyses conducted by Hass et al. (2016), who found a negative
correlation between fixed mindsets and growth mindsets, but
the correlation was too small for the two to be considered as
one construct. Furthermore, they found a positive correlation
between the creative growth mindset and self-efficacy, but not
between the fixed mindset and self-efficacy. As such, they
concluded that while the two mindsets are related, they are
indeed two distinct constructs. Additionally, applying a bifactor
modeling approach and a latent profile analysis, Karwowski et al.
(2018b) demonstrated that people can hold both fixed and growth
mindsets. In fact, their results showed that people could be
classified as people as those with high growth and low fixed
mindsets, those with low growth and high fixed mindsets, those
with high growth and high fixed mindsets, and those with low
fixed and malleable mindsets.
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Overall, evidence from past research has established the
associations between these two types of beliefs about creativity
and creativity. Specifically, high creative self-efficacy and growth
mindset, rather than fixed mindset, appear to be linked to
desirable creative outcomes. However, some inconsistencies
regarding how researchers have hypothesized the direction of
the associations should be addressed, especially if studies have
involved creativity tasks. For instance, Karwowski (2011) used
a creativity task, specifically a divergent thinking task, to study
the association between creative self-efficacy and creativity. In his
study, the performance in the task was treated as a predictor of
self-efficacy. The direction of the divergent thinking performance
and self-efficacy found in this study is in alignment with
Karwowski and Beghetto’s (2018) Creative Behavior as Agentic
Action model, which proposes that the link between creative
potentials and creative achievement is mediated and moderated
by creative confidence and valuing creativity. According to this
model, divergent and convergent thinking abilities are viewed as
creative potentials and essentially these abilities influence self-
efficacy. Creative mindsets were later included in the Elaborated
Creative Behavior as Agentic Action model (Karwowski et al.,
2016). According to this model, creative mindsets influence
the relationships between creative potential, creative self-beliefs,
and creative behavior. In this later model, divergent and
convergent thinking are also perceived as creative potentials
which are neither predictors of self-efficacy nor creative mindsets.
Conversely, some studies on creativity’s relationship with creative
mindsets examined performance in a divergent thinking task,
such as the Alternative Uses Task (O’Connor et al., 2013) or
a convergent thinking task (e.g., insight problems; Karwowski,
2014), as an outcome of creative mindsets. This indicates that
performance in divergent or convergent thinking tasks can be
used as both a predictor and an outcome of beliefs. This difference
may simply depend on how researchers view the performance of
the tasks. As a predictor, performance may serve as a reference
for people to evaluate their abilities and form their beliefs. As an
outcome, performance represents some form of creative behavior
which is a result of how beliefs influence actions. The present
research is based on the premise that beliefs influence creative
performance and it aims to explore some psychological factors
that could potentially explain this mechanism.

Potential Mediators Between Beliefs and
Creativity

Cognitive Processing Channels

The dual pathway to creativity model asserts that creativity
can be achieved through two cognitive pathways, namely the
flexibility pathway and the persistence pathway (De Dreu et al.,
2008; Nijstad et al., 2010). In the flexibility pathway, creativity is
obtained through cognitive flexibility: that is, flexibly switching
from one perspective to another (Nijstad et al., 2010). In the
persistence pathway, creativity is accessed through cognitive
persistence: in other words, through sustained and focused
task-directed cognitive effort (Nijstad et al.,, 2010). The use of
cognitive flexibility manifests itself in divergent thinking when
individuals engage in broad cognitive categories and frequently

switch among categories during the thinking process. On the
other hand, the use of the persistence pathway is apparent when
individuals draw many ideas from a few categories. In divergent
thinking tasks in which participants have to produce ideas to
solve a problem, the number of categories used by participants
functions as an indicator of cognitive flexibility, while within-
category fluency or the number of ideas within a category is
used to measure persistence (De Dreu et al., 2008; Roskes et al.,
2012). According to this model, some states or traits facilitate
cognitive flexibility, while others enhance cognitive persistence.
For instance, when using a brainstorming task, De Dreu et al.
(2008) found that cognitive flexibility (the number of categories
used) mediated the effect of positive affective states on originality;
while cognitive persistence (within-category fluency) mediated
the effect of negative mood states on creative fluency. Although
both cognitive pathways can lead to creativity, the persistence
pathway is believed to be less effective compared to the flexibility
pathway because it requires more cognitive resources (Roskes
etal., 2012).

Self-efficacy beliefs (Schunk and Zimmerman, 1997; Bandura,
2011) and incremental beliefs (Dweck, 2000; Dweck and Master,
2008) promote self-regulation. This paper hypothesizes that these
beliefs are associated with greater flexibility, and that these
associations may be due to their links to self-regulation. On
the one hand, self-regulation, which involves cyclically making
adjustments as needed based on prior knowledge (Zimmerman,
2000a), is driven by task-switching ability, since this ability
allows people to flexibly switch between means and goals
when appropriate (Hofmann et al.,, 2012). If self-efficacy and
incremental beliefs are linked to the effective self-regulatory
process, and this process relies on cognitive flexibility, then these
beliefs could be related to cognitive flexibility. On the other
hand, self-efficacy and incremental beliefs influence adaptive
reactions to a situation, such as sustaining positive affect in
the face of setbacks, adopting approach-based orientations, and
maintaining motivation (as discussed in the “Self-Regulatory
Responses” section). Because these reactions are believed to be
facilitators of flexible processing, the beliefs should be connected
with cognitive flexibility in one way or another.

Self-Regulatory Responses

As previously mentioned, self-efficacy beliefs and malleability
beliefs predict how people react to a situation. In this way, the
beliefs predict achievement through the use of self-regulatory
strategies. This paper hypothesizes that the same principle would
apply to beliefs concerning creativity and creative achievement.
More specifically, this paper hypothesizes that creative self-
efficacy and creative mindsets affect creativity by triggering self-
regulatory reactions that promote or demote creativity.

Affective states

The beneficial effects of beliefs on emotional regulation seem
to be most apparent when individuals encounter challenging
situations. Perceived self-efficacy has an impact on individuals
emotionally (Linnenbrink and Pintrich, 2003). Past research has
shown that people with a weak sense of self-efficacy are more
vulnerable to negative emotional experiences such as childhood
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depression (Bandura et al., 1999), test anxiety (Komarraju and
Nadler, 2013; Roick and Ringeisen, 2017), and job stress (Klassen
and Chiu, 2010). With respect to creative self-efficacy, Rego et al.
(2012) found that employees’ self-efficacy beliefs were positively
correlated with positive affect, and that positive affect partially
mediated the relationship between self-efficacy and creativity as
rated by their supervisors.

With respect to malleability beliefs, research devoted to
intelligence among students revealed that students who think
intelligence is undevelopable are likely to experience negative
feelings such as anxiety, anger, shame, hopelessness, and boredom
(King et al., 2012). In the sports domain, Gardner et al. (2015)
found that people with a stronger fixed mindset were more
vulnerable to competition anxiety, whereas a stronger growth
mindset was related to less anxiety. The unfavorable impacts of
fixed beliefs could be explained by their association with less
effective emotion regulation (Schroder et al., 2015). Given that
creative mindsets have been built on the same foundation as other
areas, their connections with affect should appear indifferent.
That is a fixed mindset would be associated with negative affect
and a growth mindset would be related to positive affect.

As previously mentioned, creativity can be achieved via
flexibility and persistence pathways, with flexibility being the
preferable pathway. Both positive affect and negative affect can
lead to creativity as long as they are activating (De Dreu et al,,
2008; Nijstad et al., 2010). Positive activating affect facilitates
cognitive flexibility; on the other hand, negative activating
affect increasing the use of cognitive persistence. Based on past
research, it seems that when performing a creativity task, people
with high creative self-efficacy and a growth mindset would
experience lower negative affect and higher positive affect, which
would lead to flexible thinking and creativity, while a fixed
mindset would result in the opposite outcomes.

Approach/avoidance orientation
When engaging in a task, people with a strong sense of
self-efficacy anticipate success, while those who perceive low
self-efficacy visualize failure (Bandura, 1993). Inefficacious
people are therefore apt to see task demands as threats
to be avoided rather than challenges to be learned from
(Chemers et al., 2001). Past research on achievement goals has
provided some evidence on the impact of self-efficacy beliefs
on approach/avoidance orientations. For instance, studies in
educational settings have shown that students with high self-
efficacy tend to adopt approach-based goals such as mastering
a given task or demonstrating their competence (Pajares et al,,
2000; Cury et al., 2006; Van Yperen, 2006; Komarraju and
Nadler, 2013). Conversely, students with low self-efficacy are
prone to engage in avoidance-based goals such as avoiding
showing their incompetence (Pajares et al., 2000; Cury et al,
2006; Van Yperen, 2006). With respect to creative self-efficacy,
research done by Beghetto (2006) and Puente-Diaz and Cavazos-
Arroyo (2017) has revealed a similar trend in which people
with high creative self-efficacy tend to engage in approach
orientations.

Malleability beliefs influence what types of goals people adopt,
but unlike self-efficacy, they seem to be unable to predict

the engagement of approach/avoidance orientations. Research
has indicated that people who hold a fixed mindset are likely
to adopt both approach-based goals such as demonstrating
their competence (Robins and Pals, 2002; Cury et al., 2006)
and avoidance-based goals such as avoiding showing their
incompetence (Cury et al., 2006). On the other hand, those that
hold a growth mindset have a tendency to adopt approach-
based goals such as learning or mastering a subject (Robins
and Pals, 2002; Cury et al, 2006; Lou and Noels, 2016) and
avoidance-based goals such as avoiding learning less than they
could (Cury et al., 2006). In the case of creative mindsets, a recent
study by Puente-Diaz and Cavazos-Arroyo (2017) revealed that
the growth mindset and the fixed mindset were both positively
related to approach-based goals. Evidently, mindsets predict what
types of goals people prefer, but not the approach/avoidance
orientation of the goals.

Because approach orientations are linked to higher cognitive
flexibility, (Nijstad et al., 2010; Roskes et al., 2012), this paper
hypothesizes that people with high creative self-efficacy will
adopt an approach orientation, which will then enhance cognitive
flexibility and subsequently creativity.

Task enjoyment

Task enjoyment/interest is an indicator of intrinsic motivation
(Ryan, 1982; Davis et al., 1992; Ryan and Deci, 2000). In fact,
the use of self-reported interest and enjoyment of the activity is
a common approach to assessing intrinsic motivation (Ryan and
Deci, 2000). Intrinsic motivation is when people are driven to
engage in an activity because they find it interesting or enjoyable
(Amabile and Pillemer, 2012). This type of motivation is involved
in cognitive flexibility (Deci and Ryan, 2000), and is believed to
be conducive to creativity (Amabile and Pillemer, 2012).

Perception of ability has been positively linked to motivation
(Bandura, 1993, 2011). For example, early work by Bandura and
Schunk (1981) found that students with higher mathematical self-
efficacy were more intrinsically interested in arithmetic tasks.
Zimmerman and Kitsantas (1997) also found that perceived self-
efficacy in dart skills was positively correlated with interest in
the game. Similar results have been found in sports literature.
Hu et al. (2007) provided participants with fake feedback on
their exercise tests to manipulate their self-efficacy in exercise.
The results showed that people in the high-self-efficacy group
enjoyed their physical activity more than their counterparts in the
low-self-efficacy group.

As for studies concerning malleability beliefs, the same trend
has been found in people with a growth mindset. For instance, in
astudy by Aronson et al. (2002), participants who were convinced
that intelligence was improvable through hard work reported that
they experienced greater enjoyment during academic processes.
The impact of incremental beliefs on enjoyment even persists
after setbacks. Mueller and Dweck (1998) demonstrated that
praising students for their hard work (promoting growth
mindsets) rather than their intelligence (promoting fixed
mindsets) helped to sustain their task enjoyment even after facing
failure. With respect to creativity research, O’Connor et al. (2013)
also found a positive correlation between the creative growth
mindset and self-reported interest in creative thinking.
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Taking this all into consideration, this paper hypothesizes that
self-perceived efficacy and creative mindsets will impact creativity
via enjoyment of the task and the use of flexible processing.

Effort

Effort reflects how much people engage in an activity. Research
literature emphasizes that exerting more effort is an adaptive
behavioral outcome of self-efficacy beliefs (Bandura, 1977;
Zimmerman, 2000b) and malleability beliefs (Dweck, 2000).
Effort is a more controllable factor in comparison with ability.
The extent of effort put forth depends on people’s own will, so if
they are convinced that their accomplishments rely on their hard
work, they tend to be more motivated to work harder (Schunk,
1983).

Research has suggested that people with high self-efficacy
are likely to have a positive attitude toward effort. In the
presence of challenges, self-efficacy predicts how long people
persevere and how much energy they invest in a task
(Zimmerman, 2000b; Pajares and Schunk, 2002; Bandura, 2011).
After applying both questionnaire and diary methods to assess
academic effort, Trautwein et al. (2009) reported a positive
association between effort and self-competence beliefs. Similarly,
Komarraju and Nadler (2013) found positive correlations among
undergraduate students’ grade point average, self-efficacy, and
effort regulation (working hard and persisting when necessary).
Their mediation analysis also demonstrated that effort regulation
partially mediated the link between self-efficacy and academic
achievement.

With respect to malleability beliefs, research suggests that
by valuing hard work, people with a growth mindset expend
more effort on tasks. For instance, Mueller and Dweck (1998)
demonstrated that when students were praised for their ability,
they tended to view their performance as the outcome of their
ability instead of their effort, and so when given a choice, they
were less willing to spend more time on the activity. Hong et al.
(1999) provided participants with a false negative result of a task
that allegedly tested their intelligence. Manipulating participants’
fixed and growth mindsets, they found that those in the growth-
mindset group were prone to ascribe the outcome to effort, and
they were apt to express willingness to take remedial action.

To a certain extent, creativity requires conscious effort
(Cropley, 2006). Conscious effort is involved with creative
production in the preparation process (Busse and Mansfield,
1980; Cropley, 2006) in the way that it enables and provides
direction to unconscious creative processing (Busse and
Mansfield, 1980). As such, effort may mediate the links between
the beliefs and creative performance.

The Present Research

The two present studies were intended to explore factors that
could explain how creative self-efficacy and creative mindsets
impact creativity. Creative self-efficacy and mindsets, more
specifically the growth mindset, have been found to be correlated
with each other (Karwowski, 2014; Hass et al., 2016), yet the
causal aspect of the relationship is not clear. For instance,
highly self-efficacious people might experience more success,
thus believing that their ability can be improved. Holding a

growth mindset might motivate people to work harder, help
them gain more achievements, and consequently boost their self-
efficacy. Given that the direction of self-efficacy and creative
mindsets was not our focus, we therefore treated both of them
equally as predictors of creative performance. Furthermore, the
relationships between beliefs and creative performance was not
our main interest; instead, our main concern was to explore
factors that could link them.

As previously mentioned, creativity can be achieved by
adopting flexible cognitive processing and persistent processing.
Because these two processing styles manifest themselves in
divergent thinking, we applied a divergent thinking task in
Study 1. To test if creative beliefs may impact creativity through
either or both cognitive flexibility and persistence, we treated
these two traits as mediators. Additionally, self-efficacy and
ability mindsets determine how people regulate themselves
when facing a challenge (through self-regulatory responses).
Previously, we proposed some self-regulatory responses that
affect creativity in a positive way. There is also some evidence
suggesting that adopting certain self-regulatory responses may
lead to different types of cognitive processing. Accordingly,
we treated these self-regulatory reactions as another set of
mediators, and tested whether they could connect beliefs with
creative performance directly and/or connect them with creative
performance indirectly, through different types of cognitive
channels. In Study 2, we adopted a convergent thinking task
instead, to examine if beliefs would impact this task in the
same way. However, due to the task type, cognitive flexibility
and persistence scores could not be computed, and are thus not
included in the examination.

STUDY 1

Participants

The participants were upper secondary school students recruited
from schools in Thailand. Originally, 276 students participated
in this study. Nine cases were excluded due to missing data.
Fourteen cases were excluded due to unengaged responses. Five
cases were excluded due to misunderstanding the instruction
of the creativity task. The final sample thus consisted of 248
students with a mean age of 16.97 (SD = 1.07). Of this
sample, 157 were female, and all were native Thai speakers.
The research is approved by the University Committee on
Human Research Protection (UCHRP) of East China Normal
University. In addition, permission from the schools’ principals
and consent forms from participants and their parents/guardians
were obtained prior to data collection.

Measures

The questionnaires employed in this study were originally written
in English. In order to administer the questionnaires to this
particular sample, the back-translation technique recommended
by Brislin (1986) was applied. First, one of the authors translated
the questionnaire items from English to Thai, and a professional
English-Thai translator blindly to the original content translated
them back to English. The back-translated and original versions

Frontiers in Psychology | www.frontiersin.org

September 2018 | Volume 9 | Article 1810


https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Intasao and Hao

Beliefs Influence Creative Performance

were later compared to determine whether or not the concepts
were different. Problematic items were adjusted via discussion
between the two translators. To ensure that the translated
questionnaires were comprehensible to the target sample, four
upper secondary school students were asked to complete them
and provide feedback. Again, problematic items were adjusted via
discussion between the two translators.

Beliefs Concerning Creativity

Creative self-efficacy

Creative self-efficacy was measured using six items of creative
self-efficacy subscale from the Short Scale of Creative Self Scale
(Karwowski et al., 2018a). Participants responded on a 5-point
Likert scale with 1 being “strongly disagree” and 5 being “strongly
agree.” One sample item is, “I am good at proposing original
solutions to problems.”

Creative mindsets

Creative mindsets were measured using a 5-point Likert (1 being
“strongly disagree” and 5 being “strongly agree”) developed by
Karwowski (2014). The scale consists of a 5-item fixed mindset
subscale (“You either are creative, or you are not—even trying
very hard you cannot change much”) and a 5-item growth
mindset subscale (“Everyone can create something great at some
point if he or she is given appropriate conditions”).

Creativity

The Alternative Uses Task was used to assess creativity
associated with divergent thinking. In this task, participants
were given 10 min to come up with creative uses for a
brick. Three scores (originality, flexibility, and persistence)
were computed from this task. The originality score was the
number of responses that were provided by less than 5% of
all participants. A high score indicated high creativity. The
flexibility score was the number of categories used. A high
score reflected high cognitive flexibility (e.g., De Dreu et al.,
2008; Roskes et al, 2012). The persistence score was the
number of responses divided by the flexibility score. A high
score represented high cognitive persistence (e.g., De Dreu
et al., 2008). As such, only the originality score was used to
represent creative performance, while the flexibility score and
the persistence score were used to indicate cognitive processing
tendencies.

Self-Regulatory Responses

Affective states

Affective states during the task were assessed using the Positive
and Negative Affect Schedule (PANAS; Watson et al., 1988). The
scale consists of 10 items of mood descriptors evaluating positive
affect (PA) and 10 items of mood descriptors evaluating negative
affect (NA). These two dimensions were later renamed positive
activation and negative activation due to the activating nature
of the mood descriptors used in the scale (Watson et al., 1999).
Participants had to indicate on a scale of 1 to 7 (1 being “not at all”
and 7 being “extremely”) to what extent they felt a specific mood
during the creativity task. These scales were to be completed after
the creativity task.

Approach/avoidance orientation

A force-choice approach was employed to assess approach
orientation versus avoidance orientation. This approach was
used successfully in prior studies to measure approach/avoidance
achievement goals (e.g., Mueller and Dweck, 1998; Van Yperen
and Renkema, 2008). Participants in this study were forced to
choose one of the two statements that was the most accurate
for them. The two statements were “During the task, I focused
on performing well” representing the approach orientation,
and “During the task, I focused on not performing poorly,
representing the avoidance orientation. For analysis purposes, the
avoidance orientation and the approach orientation were coded
as 0 and 1, respectively.

Task enjoyment

Seven items from the Interest/Enjoyment Subscale from the
Intrinsic Motivation Inventory (Ryan, 1982) were used as a
measure of task enjoyment. A sample item of this subscale is “I
enjoyed doing the task very much.” Participants had to respond
on a scale of 1 to 7 with 1 being “not true at all” and 7 being
“extremely true.”

Effort

Effort exerted during the creativity task was measured using
the Effort/Importance Subscale from the Intrinsic Motivation
Inventory (Ryan, 1982). Out of 5 items, 1 item of this subscale
measures importance. For this study, this item was excluded and
the remaining four items were used to measure effort. A sample
item is “I put a lot of effort into the task.” Participants had to
respond on a scale of 1-7 with 1 being “not true at all” and 7
being “extremely true.”

Other Variables

Valence and arousal

The valence and arousal scales from Lang’s (1980) Self-
Assessment-Manikin were used to measure valence and arousal
dimensions of affective states. Participants were asked to
complete these scales before engaging in the creativity task to
measure their pre-existing affective states.

Age
The participants’ ages were asked as one of the demographic
questions.

Procedure

The questionnaires and the creativity task were paper-based and
administered in a classroom to groups of 20 to 30 participants
at a time. Participants were asked to complete the demographic
questions first, followed by the scales measuring pre-task affective
states, creative mindsets, and creative self-efficacy. Participants
then worked on the creativity task. Lastly, approach/avoidance
orientations, affective states, task enjoyment, and effort were
measured.

Results and Discussion

This study employed the structural equation modeling (SEM)
technique for statistical analyses using Mplus version 7.4. SEM
is a multivariate method that allows researchers to test a series
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of dependence relationships at the same time (Hair et al., 2010).
Given that this study dealt with multiple variables, this method
was suitable for the present data.

In this study’s SEM models, all three creativity scores
(originality, flexibility, and persistence), age, and valence and
arousal were treated as continuous variables. Of all these
variables, kurtosis values of the originality score and the
persistence score were outside the acceptable range of +2 (Lomax
and Hahs-Vaughn, 2012). Log-transformation was therefore
performed for the persistence score, and because the originality
score contained zero values, square-root transformation was
performed instead. Kurtosis values of these two variables
fell within the acceptable range after the transformation.
Approach/avoidance orientation was a binary variable. While
indicators that are Likert-scale responses with five categories
or more are generally treated as continuous variables, the
histograms of our scale responses revealed some floor and
ceiling effects. Treating indicators with asymmetrical distribution
as continuous is not appropriate (Kline, 2016); therefore,
responses in the scales of creative self-efficacy, creative mindsets,
task enjoyment, and effort were defined as ordered-categorical
variables. Analyses were employed using mean-and-variance-
adjusted weighted least squares estimation (WLSMV) to account
for non-continuous variables. With this estimation method, the
regression coefficients produced are linear regression coefficients
when dependent variables are continuous or continuous latent;
the regression coefficients are probit regression coeflicients when
dependent variables are binary or ordered categorical (Muthén
and Muthén, 1998-2012). Fit indices and criteria used were x 2/df
for the parsimonious fit with value < 3 (Marsh and Hocevar,
1985; Hair et al., 2010), comparative fit index (CFI) for the
incremental fit with values > 0.90 (Bentler, 1990; Hair et al.,
2010), and root mean square error of approximation (RMSEA)
for the absolute fit with value < 0.08 (Browne and Cudeck,
1993).

Test of the Measurement Model
Before proceeding with SEM, a confirmatory factor analysis
(CFA) was performed to validate the measurement model of
seven latent constructs: creative self-efficacy, fixed mindset,
growth mindset, negative affect, positive affect, task enjoyment,
and effort. Items loaded on their perspective factors smaller
than 0.35 were dropped to improve unidimensionality.
Accordingly, 1 item from the fixed mindset scale, 4 items
from the positive affect scale, and 1 item from the effort
scale were removed. The final model yielded an acceptable
fit [x2(758) = 1490.29, p < 0.001, x2/df = 1.97, CFI = 0.92,
and RMSEA = 0.06]. The reliability coefficients of these
scales, along with descriptive statistics and correlations
among the latent and observed variables, are presented in
Table 1.

Next, the relationships among the variables were tested using
a series of SEM models. To control the effects of age and affective
states prior to engaging in the creativity task on dependent
variables, age and valence and arousal were entered into all SEM
models as covariates (i.e., all endogenous variables were regressed
on these variables).

Effects of Beliefs on Creativity

The effects of creative self-efficacy and the two kinds of
creative mindsets on creativity were first investigated. Model
1, comprising of creative self-efficacy and the two types of
creative mindsets as predictor variables, and the originality score
as the only outcome variable, demonstrated an adequate fit
[x2(135) = 242.54, p < 0.001, x2/df = 1.80, CFI = 0.90, and
RMSEA = 0.06]. No trimming was performed. To account for
possible multicollinearity among independent variables, variance
inflation factors (VIFs) were computed. A variable may constitute
a problem, if the VIF is greater than 10 (Kline, 2016). The
results suggested that multicollinearity was not an issue among
the predictors (VIFs range: 1.15-1.58). Based on this model,
creative self-efficacy was found to positively predict originality
(B = 0.24, p = 0.001), indicating that the more people believe
they have capacities to be creative, the more likely they are
to produce creative ideas. A study by Karwowski (2011) also
found this positive relationship between creative self-efficacy and
divergent thinking. Effects of creative growth and fixed mindsets
on originality were not observed (p = —0.06, p = 0.502 and
B =—0.17, p =0.055, respectively). Research literature emphasizes
the role of mindsets when facing setbacks (Dweck, 2006). As such,
their role may be limited when it comes to relatively easy tasks
(Karwowski et al., 2016). Given that the Alternative Uses Task
is not a very challenging task, it might not allow the effects of
mindsets to manifest themselves.

Effects of Beliefs on Creativity via Cognitive
Processing Channels

Creativity can be achieved by being cognitively flexible or/and
being cognitively persistent (Nijstad et al., 2010). The flexibility
score and the persistence score were therefore inserted into the
model as mediators (Model 2). In this model, the scores of
originality, flexibility, and persistence were regressed on creative
self-efficacy and the two creative mindsets. The originality
score was also regressed on the flexibility and persistence
scores. Following Preacher and Hayes’s (2008) recommendation,
residuals of the mediators were covaried. The model yielded
an acceptable fit [x2(159) = 265.89, p < 0.001, xz/df = 1.67,
CFI =0.91,and RMSEA = 0.05], and no trimming was performed.
Examination of VIFs suggested multicollinearity among the
predictors and mediators was not a concern (VIFs range: 1.17-
1.58). Indirect effects were tested using the model indirect
command in Mplus. With this command, indirect effects are
defined as products of regression coeflicients (Muthén and
Muthén, 1998-2012).

Results showed that persistence and flexibility positively
predicted originality (B = 0.40, p < 0.001 and f = 0.74, p < 0.001,
respectively). Results also showed that creative self-efficacy
positively predicted flexibility (B = 0.29, p < 0.001), but unlike
Model 1 no longer had a significant effect on originality (8 = 0.04,
p =0.435). A significant indirect effect of creative self-efficacy on
originality via flexibility was detected (B = 0.21, p = 0.001). These
results demonstrate that the effect of self-efficacy on originality
was fully mediated through flexibility, indicating that people
produce creative ideas by engaging in flexible processing when
they are self-efficacious in their creativity.
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TABLE 1 | Descriptive statistics, reliability coefficients, and correlations for Study 1.

CSE? cGM? CFM? PA? NA? TE? Ef? Ap/Av Or Pe Fl
CGM 0.32%*
CFM —0.04 —0.52%*
PA 0.427%* 0.37* —0.24**
NA —0.06 —0.18* 0.27** —0.05
TE 0.29** 0.19** —0.09 0.61%*  —0.2%"*
Ef 0.37%* 0.29** -0.16* 0.48%*  —0.21% 0.56**
Ap/Av 0.17 0.17 0.05 0.08 —0.02 0.10 0.12
Or 0.24** 0.11 —0.14* 0.25"*  —-0.02 0.17* 0.16* —0.02
Pe 0.00 —0.02 0.08 0.05 0.00 0.07 —0.04 0.01 0.14*
FI 0.28*** 0.16* —0.2** 0.34**  —-0.08 0.22* 0.21* 0.04 0.62%*  —0.34***
CR 0.80 0.76 0.68 0.81 0.92 0.93 0.86
a 0.75 0.67 0.63 0.78 0.87 0.90 0.80
M 3.23 4.35 2.41 4.60 2.07 4.81 5.31 3.37 2.87 4.56
SD 0.49 0.48 0.65 0.89 0.90 0.97 112 2.85 1.39 1.72

Frequency (%)

Ap:167(67.34)

Correlation coefficients were estimated based on Model 3. *p < 0.05, **p < 0.01, ***p < 0.001; CSE, creative self-efficacy; CGM, creative growth mindset; CFM,
creative fixed mindset; PA, positive affect; NA, negative affect; TE, task enjoyment; Ef, effort; Ap, approach orientation; Av, avoidance orientation,; Or, originality score; Pe,
persistence score; Fl, flexibility score; CR, composite reliability; a, Cronbach’s alpha; M, means; SD, standard deviations. @ The means of these scales were calculated as
though their indicators were continuous variables. However, these indicators were actually treated as ordered-categorical variables in the SEM models.

Additionally, flexibility was also predicted by the fixed
mindset, but in a negative direction (f = —0.19, p = 0.026). An
indirect effect of fixed mindset on originality via flexibility also
appeared significant (§ = —0.14, p = 0.03), indicating that people
who hold a low level of fixed mindset tend to be more cognitively
flexible, and this in turn leads to more original ideas. Results from
the growth mindset failed to emerge. Figure 1 illustrates Model 2
with path coeflicients.

Effects of Beliefs on Creativity via Self-Regulatory
Responses

To test whether or not any proposed self-regulatory responses
(i.e, positive affect, negative affect, approach/avoidance
orientation, task enjoyment, and effort) could explain the
connections between the beliefs and creativity, these variables
were added into the model (Model 3, as illustrated in Figure 2).
For this model, all self-regulatory responses and the creativity
scores (i.e., originality, flexibility, and persistence) were regressed
on creative self-efficacy and the two mindsets. The creativity
scores were regressed on all self-regulatory responses. The
originality score was also regressed on the flexibility score
and the persistence score. Again, residuals of parallel but not
serial mediators were covaried. The model fit indices were
satisfactory [x2(996) = 1763.69, p < 0.001, x%*/df = 1.77,
CFI = 0.91, and RMSEA = 0.06]. No trimming was performed
and multicollinearity among the predictors and mediators was
not a concern (VIFs range: 1.09-2.20).

After examining path coefficients, the results demonstrated
that creative self-efficacy positively predicted positive affect
(B =0.34, p < 0.001), task enjoyment (f = 0.24, p < 0.001), and
effort (B = 0.32, p < 0.001). As in Model 2, the direct effect of
creative self-efficacy on flexibility remained significant (§ = 0.20,
p = 0.03). With regard to creative mindsets, the fixed mindset
appeared to be a positive predictor of negative affect (B = 0.24,

p =0.015). Inconsistent with Model 2, the direct effect of the fixed
mindset on flexibility became insignificant (8 = —0.15, p = 0.101).
In addition, the growth mindset appeared to positively predict
positive affect (8 = 0.16, p = 0.04). The results were in line
with prior studies demonstrating the beneficial effects of high
self-efficacy on affect (e.g., Rego et al., 2012), task enjoyment
(e.g., Hu et al,, 2007), and effort (e.g., Trautwein et al., 2009), as
well as the favorable effect of growth mindset and the adverse
effect of fixed mindset on affect (e.g., King et al., 2012). With
respect to the direct relationships of the proposed self-regulation
related responses and creativity, only the positive relationship
between positive affect and flexibility was observed (8 = 0.25,
p = 0.016). Additionally, persistence and flexibility remained
positively related to originality (8 = 0.41, p < 0.001 and f = 0.76,
p < 0.001, respectively). All path coefficients of this model are
displayed in Table 2.

Again, the model indirect command in Mplus was employed to
test indirect effects. As in Model 2, creative self-efficacy predicted
originality via flexibility (8 = 0.15, p = 0.034). The results also
revealed that creative self-efficacy positively predicted flexibility
via positive affect (B = 0.09, p = 0.023), and positive affect
positively predicted originality via flexibility (f = 0.19, p = 0.02).
The indirect path from creative self-efficacy to originality via
positive affect and flexibility also appeared to be statistically
significant (B = 0.07, p = 0.028). No other indirect effects were
observed.

In summary, the relationship between creative self-efficacy
and creativity as indicated by the originality score can be
explained by flexibility and positive affect. More precisely,
creative self-efficacy facilitates flexible thinking, which in turn
enhances creativity. Additionally, creative self-efficacy also
promotes positive affect, which partially increases cognitive
flexibility. This is in alignment with the notion of the
dual pathway to creativity model in which creativity can be
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FIGURE 1 | The relationships between creativity as indicated by the originality score and, creative self-efficacy and creative mindsets via cognitive processing
channels while controlling the effects of age, valence and arousal (Model 2). The values represent standardized path coefficients with standard errors in parentheses.
*p < 0.05, **p < 0.01, ***p < 0.001.

achieved effectively through flexibility, and flexibility can be
driven by positive affect (Nijstad et al., 2010). However, the
effect of negative affect on creativity via persistence was not
detected. This could be explained by the work of Roskes
et al. (2012) suggesting that the persistence pathway costs
more cognitive resources and people tend to exert these
resources only when necessary. It is possible that participants
in this study did not see the necessity of performing the
task well. Therefore, their negative affect did not lead to
creativity.

STUDY 2

Participants

Participants were upper secondary school students recruited
from schools in Thailand. Initially, 239 students participated in
this study. Of this number, 12 cases were excluded due to missing
data and 13 cases were excluded due to unengaged responses.
The final sample consisted of 214 students with a mean age of

17.05 (SD = 0.91). Among this sample, 116 students were female,
and all were native Thai speakers. The research is approved
by the University Committee on Human Research Protection
(UCHRP) of East China Normal University. In addition,
permission from the schools’ principals and consent forms from
participants and their parents/guardians were obtained prior to
data collection.

Measures

All measures used in this study were the same as those used
in Study 1, except for the creativity task. In this study, the
Insight Problems Task was used to measure creativity associated
with convergent thinking. Participants were presented with 10
insight problems. They were given 10 min to solve as many
problems as possible. The number of correct answers was used
as the indicator of creative problem-solving. Insight problems
used in this study were adapted from Dow and Mayer (2004).
A sample problem is “A woman’s earring fell into a cup that was
filled with coffee, but her earring did not get wet. How could
this be?”
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FIGURE 2 | The relationships between creativity as indicated by the originality score and, creative self-efficacy and creative mindsets via cognitive processing
channels and self-regulatory responses while controlling the effects of age, valence and arousal (Model 3). For the sake of clarity, only significant direct paths are
displayed. The values represent standardized path coefficients with standard errors in parentheses. *p < 0.05, ***p < 0.001.

Procedure
The procedure was the same as that followed in Study 1.

Results and Discussion

As in Study 1, an SEM analysis using Mplus version 7.4
was employed. Mean-and-variance-adjusted weighted least
squares estimation was once again used to handle categorical
and continuous data. The problem-solving score, age, and
valence and arousal were treated as continuous variables.
Approach/avoidance orientation was treated as a binary
categorical variable, and responses of the other Likert scales were
treated as ordered-categorical variables. Model fit indices and
criteria were the same as those used in Study 1.

Test of the Measurement Model

Before proceeding with SEM, a CFA was conducted to validate
the measurement model of seven latent constructs: creative self-
efficacy, fixed mindset, growth mindset, positive affect, negative
affect, task enjoyment, and effort. As in Study 1, items with
factor loadings smaller than 0.35 were excluded to improve

unidimensionality. As a result, 1 item from the fixed mindset
scale, 1 item from the effort scale, 1 item from the negative affect
scale, and 5 items from the positive affect scale were omitted.
The final model showed an acceptable fit [x3(681) = 1236.22,
p < 0.001, x?/df = 1.82, CFI = 0.95, and RMSEA = 0.06].
The scale reliability coefficients are presented in Table 3 along
with descriptive statistics and correlations among the latent and
observed variables.

Again, in SEM age, and valence and arousal were included in
all models as covariates.

Effects of Beliefs on Creativity

To examine the associations between the beliefs and creativity,
creative self-efficacy, fixed mindset, and growth mindset were
added into the model as predictors, and the problem-solving
score was entered into the model as the outcome variable (Model
4). The model demonstrated an acceptable fit [¥2(135) = 196.31,
p < 0.001, y¥/df = 1.45, CFI = 0.95, and RMSEA = 0.05]. No
trimming was performed. The VIF of each predictor was between
1.22 and 2.01, suggesting multicollinearity was not a problem.
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TABLE 2 | Direct effects of Model 3.

Effects of CSE Effects of CGM Effects of CFM

B (SE) p-value B (SE) p-value B (SE) p-value
On PA 0.34 (0.06) <0.001 0.16 (0.08) 0.040 —0.16 (0.09) 0.069
On NA —0.02 (0.07) 0.735 —0.05 (0.11) 0.649 0.24 (0.10) 0.015
OnTE 0.24 (0.07) <0.001 0.08 (0.09) 0.385 —0.05 (0.09) 0.560
On Ef 0.32 (0.07) <0.001 0.12 (0.10) 0.221 —0.09 (0.09) 0.312
On Ap/Av 0.09 (0.10) 0.370 0.22 (0.13) 0.097 0.16 (0.13) 0.212
On Or 0.05 (0.06) 0.362 —0.02 (0.07) 0.757 —0.06 (0.07) 0.355
On Pe —0.02 (0.09) 0.795 0.03 (0.11) 0.807 0.08 (0.11) 0.452
On Fl 0.20 (0.09) 0.030 —0.08 (0.10) 0.432 —0.15 (0.09) 0.101

Effects of PA Effects of NA Effects of TE

B (SE) p-value B (SE) p-value B (SE) p-value
On Or —0.06 (0.10) 0.510 0.07 (0.05) 0.156 —0.03 (0.08) 0.688
On Pe 0.04 (0.12) 0.760 —0.02 (0.07) 0.782 0.10 (0.12) 0.402
OnFl 0.25(0.11) 0.016 —0.02 (0.06) 0.699 0.01 (0.10) 0.933

Effects of Ef Effects of Ap/Av

B (SE) p-value B (SE) p-value
On Or 0.05 (0.06) 0.430 —0.06 (0.06) 0.286
On Pe —0.12 (0.09) 0.192 —0.01 (0.09) 0.915
On FI 0.01 (0.09) 0.930 0.02 (0.09) 0.827

Effects of Pe Effects of FI

B (SE) p-value B (SE) p-value

On Or 0.41 (0.05) <0.001 0.76 (0.05) <0.001

CSE, creative self-efficacy; CGM, creative growth mindset; CFM, creative fixed mindset; PA, positive affect; NA, negative affect; TE, task enjoyment, Ef, effort; Ap,
approach orientation; Av, avoidance orientation,; Or, originality score; Pe, persistence score; Fl, flexibility score.

The results demonstrated that the growth mindset positively
predicted problem-solving performance (8 = 0.26, p = 0.01).
Conversely, the fixed mindset negatively predicted problem-
solving (B = —0.31, p < 0.001). This result is in line with
Karwowski’s (2014) finding, demonstrating a negative association
between the fixed mindset and problem-solving. A significant
link between creative self-efficacy and problem-solving did not
emerge (B = 0.00, p = 0.98).

Effects of Beliefs on Creativity via Self-Regulatory
Responses

All proposed self-regulatory responses (negative affect, positive
affect, approach/avoidance orientation, task enjoyment, and
effort) were introduced into the model (Model 5, as illustrated
in Figure 3) to test whether or not they could explain how the
beliefs are connected to creative problem-solving. For this model,
all self-regulatory responses and the problem-solving score were
regressed on creative self-efficacy and the two mindsets. The
problem-solving score was also regressed on self-regulatory
responses. All self-regulatory responses were entered into the
model as parallel mediators and covaried. The model fit indices
were acceptable [x?(841) = 1403.54, p < 0.001, x%/df = 1.67,
CFI = 0.94, and RMSEA = 0.06]. No trimming was performed.

Multicollinearity was not an issue among the predictors and
mediators (VIFs range: 1.20-3.55).

Examining direct paths revealed that the fixed mindset
negatively predicted task enjoyment (B = —0.23, p = 0.005) and
effort (B = —0.22, p = 0.021), but positively predicted negative
affect (B = 0.20, p = 0.013). Consistent with Model 4, the
fixed mindset negatively predicted problem-solving (8 = —0.31,
p < 0.001). The growth mindset positively predicted task
enjoyment (B = 0.55, p < 0.001), effort (f = 0.55, p < 0.001),
and positive affect (B = 0.54, p < 0.001). Inconsistent with Model
4, the positive association between the growth mindset and the
problem-solving score became insignificant (§ = 0.17, p = 0.23).
No significant effects from creative self-efficacy emerged. Path
coeflicients are presented in Table 4. These results were similar to
those in Study 1 in terms of the adaptive effect of growth mindset
and the maladaptive effect of fixed mindset on affect.

Additionally, when testing for indirect effects using the model
indirect command in Mplus, no significant results were detected
indicating that the proposed self-regulatory responses cannot
explain the connection between the beliefs and creative problem-
solving.

Taken together, results suggest that creative growth and fixed
mindsets may trigger some self-regulatory responses (i.e., affect,
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TABLE 3 | Descriptive statistics, reliability coefficients, and correlations for Study 2.

CSE? cGMm® CFM? PA2 NA2 TE? Ef2 Ap/Av PS
CGM 0.55%**
CFM -0.12 —0.34**
PA 0.29** 0.59%** —0.25%*
NA —0.24*** —0.28*** 0.24** —0.33***
TE 0.25%* 0.60*** —0.38*** 0.79%* —0.42%*
Ef 0.45%* 0.68*** —0.40%* 0.74%* —0.25%* 0.69***
Ap/Av 0.25%* 0.21* -0.12 0.17 —0.06 0.25%* 0.20*
PS 0.18* 0.33*** —0.40%* 0.25%* —0.16** 0.32%* 0.371%*** 0.13
CR 0.84 0.77 0.65 0.87 0.92 0.93 0.82
a 0.80 0.66 0.62 0.84 0.88 0.90 0.75
M 3.33 4.27 2.50 4.85 2.31 5.03 5.25 0.73 2.76
SD 0.52 0.50 0.66 0.99 1.00 1.08 1.12 0.44 1.87
Frequency (%) Ap:157(73.36)

Correlation coefficients were estimated based on Model 5. *p < 0.05, **p < 0.01, ***p < 0.001; CSE, creative self-efficacy; CGM, creative growth mindset; CFM,
creative fixed mindset,; PA, positive affect; NA, negative affect; TE, task enjoyment; Ef, effort; Ap, approach orientation; Av, avoidance orientation; PS, problem-solving
score; CR, composite reliability; a, Cronbach’s alpha, M, means; SD, standard deviations. @The means of these scales were calculated as though their indicators were
continuous variables. However, these indicators were actually treated as ordered-categorical variables in the SEM models.
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FIGURE 3 | The relationships between creativity as indicated by the problem-solving score and, creative self-efficacy and creative mindsets via self-regulatory
responses while controlling the effects of age, valence and arousal (Model 5). For the sake of clarity, only significant direct paths are displayed. The values represent
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TABLE 4 | Direct effects of Model 5.

Effects of CSE Effects of CGM Effects of CFM

B (SE) p-value B (SE) p-value B (SE) p-value
On PA —0.03 (0.09) 0.728 0.54 (0.11) <0.001 —0.10 (0.08) 0.207
On NA —0.14 (0.09) 0.101 —-0.11 (0.13) 0.373 0.20 (0.08) 0.013
OnTE —0.08 (0.07) 0.237 0.55 (0.10) <0.001 —0.23 (0.08) 0.005
On Ef 0.13(0.08) 0.131 0.55 (0.11) <0.001 —0.22 (0.09) 0.021
On Ap/Av 0.20 (0.14) 0.145 0.04 (0.18) 0.824 —0.08 (0.13) 0.522
On PS 0.03 (0.11) 0.773 0.17 (0.14) 0.230 —0.31(0.10) 0.001

Effects of PA Effects of NA Effects of TE

B (SE) p-value B (SE) p-value B (SE) p-value

OnPS —0.02 (0.15) 0.876 0.01 (0.06) 0.876 0.11 (0.14) 0.414
Effects of Ef Effects of Ap/Av

B (SE) p-value B (SE) p-value

On PS 0.01(0.18) 0.972 0.02 (0.11) 0.849

CSE, creative self-efficacy; CGM, creative growth mindset; CFM, creative fixed mindset; PA, positive affect; NA, negative affect; TE, task enjoyment, Ef, effort; Ap,

approach orientation; Av, avoidance orientation; PS, problem-solving score.

task enjoyment, and effort), albeit in the opposite direction.
These responses, however, cannot account for the effectiveness
of problem-solving.

GENERAL DISCUSSION

This research was intended to explore potential factors that
could explain the associations between beliefs about creativity
(i.e., creative self-efficacy and creative mindsets) and creative
performance. Based on prior studies concerning self-efficacy and
malleability beliefs, several related factors were proposed and
tested for their mediating roles in the relationships between
creative beliefs and creative production.

Study 1 investigated creativity associated with divergent
thinking using the Alternative Uses Task as a measure.
Results from SEM models demonstrated that creative self-
efficacy positively predicted positive affect, task enjoyment,
and effort. The growth mindset positively predicted positive
affect. Conversely, the fixed mindset positively predicted
negative affect. These results suggest that when engaging
in a creativity task, people who feel more self-efficacious
are likely to experience positive affect, enjoy the task more,
and expend more effort. When people believe creativity
can be improved, they, too, experience positive affect;
however, when people see creativity as a fixed, unchangeable
ability, they experience more negative affect. Overall, these
results converge with past work outside of the topic of
creativity that suggests that self-efficacy beliefs (Bandura,
1977; Pajares, 2008) and growth mindsets rather than fixed
mindsets (Dweck, 2000; Molden and Dweck, 2006; Dweck
and Master, 2008) are linked to beneficial self-regulatory
outcomes.

Assessing the indirect effects of the beliefs on creativity
revealed the mediation effect of flexibility on the relationship
between creative self-efficacy and creativity, suggesting that
participants with higher self-efficacy were more capable of
producing creative ideas by being more cognitively flexible as
reflected by the number of categories used during the task.
This could be because self-efficacy is closely related to self-
regulation. When people have a strong sense of self-efficacy,
they self-monitor and adapt strategies as needed (Schunk and
Zimmerman, 1997; Zimmerman, 2000a). As such, it is possible
that, during the task, participants who were more self-efficacious
were more successful in shifting from the old means that
did not work to alternative ones or, in this case, to new
categories of responses. This finding indicates that self-efficacy is
involved with cognitive flexibility, which subsequently engenders
creativity.

Furthermore, positive affect partially mediated the
relationship between creative self-efficacy and flexibility.
This result suggests that people who are more confident
in their creative ability experience more positive affect,
and this positive affect is partially responsible for greater
flexible thinking. High self-efficacy promotes positive affect
(Linnenbrink and Pintrich, 2003), which in turn facilitates
cognitive flexibility. Activating positive affect encourages
people to explore new possibilities freely and flexibly by
making them feel safe and free of problems; positive affect
is also involved in the release of dopamine in certain
brain areas that are related to cognitive flexibility (Nijstad
et al., 2010). This cognitive flexibility subsequently enhances
creativity.

Study 2 investigated creative convergent thinking measured
by insight problems. Results from this study revealed that
the creative growth mindset was positively related to task
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enjoyment, effort, and positive affect, whereas the fixed mindset
was negatively related to task enjoyment and effort but positively
related to negative affect. These results indicate that when
performing a creativity task, people who firmly believe creativity
is developable are likely to experience more positive affect,
enjoy the task more, and exert more effort. On the other
hand, the more people see creativity as an unchangeable ability,
the more they experience negative affect, the less they find
the task enjoyable, and the less they expend effort on it. In
addition, a negative association was discovered between the
fixed mindset and the number of solved insight problems. This
result is in alignment with Karwowski’s (2014) finding and
indicates that viewing creativity as undevelopable suppresses the
effectiveness of problem-solving. The direct effects of creative
self-efficacy and indirect effects of the beliefs on creativity failed
to emerge.

The negative predictive effect of the fixed mindset on problem-
solving may be explained by the inability of those who hold a
stronger fixed belief to adapt when necessary. When solving a
problem, the solver tends to explore the solution based on his
or her experience first, and when that experience is insufficient
to solve the problem, the solver steps into a state where he or
she does not know what to do next (Knoblich et al., 1999). The
solver must overcome the familiar way of thinking and come
up with a new approach in order to find the solution (Dow
and Mayer, 2004). Schroder et al. (2014) examined how induced
mindsets influence cognitive control brain activity. They found
that attention allocation to responses was enhanced immediately
after exposure to a fixed mindset, but this attention was not
related to behavioral change following errors, indicating that
enhanced attention to responses does not lead to adaptive
performance adjustments in people with a fixed mindset. As
such, the limited ability to adjust observed among people who
endorse the creative fixed mindset may lead to ineffectiveness
in changing their way of thinking, resulting in unsuccessful
problem-solving.

When comparing the results of the two studies, some
discrepancies were observed. In Study 1, the predictive effects
on the self-regulatory responses (i.e., affect, task enjoyment,
and effort) and creativity (i.e., flexibility and originality scores)
mostly emerged from creative self-efficacy, whereas the fixed
and growth mindsets only affected affect. In Study 2, the
predictive effects of self-efficacy were not detected at all, but
more effects of creative mindsets were detected. Specifically,
both mindsets predicted affect, task enjoyment, and effort, albeit
in opposite directions. Additionally, the fixed mind set also
predicted creative problem-solving. The differences could be due
to the distinct nature of the tasks used to test creativity; that
is, Study 1 employed the Alternative Uses Task as a measure
of divergent thinking, while Study 2 used insight problems
to assess convergent thinking. The associations between the
beliefs and creativity may vary depending on tasks. Because the
relationship between self-efficacy and performance is reciprocal
(Bandura, 1989; Williams and Williams, 2010), it is possible
that engaging in a difficult task lowers people’s confidence in
their ability, thus weakening the effect of self-efficacy that was
tested prior the creativity tasks. The insight problem-solving

task used in Study 2 is more difficult than the Alternative
Uses Task used in Study 1, hence the discrepancies in the
results.

The general results of these two studies reveal similar trends
in which creative self-efficacy and the creative growth mindset
are linked to desirable outcomes. The fixed mindset, on the other
hand, is associated with adverse results.

Several limitations of this research must be addressed. First,
this research was cross-sectional and correlational in design.
As a result, no claim can be made with respect to the
causality of the relationships among variables. Second, the
questionnaires employed in this research were translated from
English to Thai. Although the scale reliabilities appeared to
be adequate after the removal of some items, further studies
are necessary to assess the validation of the scales used in
this particular sample. Lastly, although the sample size for
each study met the common minimum requirement of 200
cases for SEM studies (Kline, 2016), the models were quite
complex, and thus larger sample sizes are recommended for
future research.

Many questions concerning the effects of beliefs about
creativity on creativity remain unanswered. First of all, there
were some discrepancies between the results gathered using a
divergent thinking task in Study 1 and those acquired using a
convergent thinking task in Study 2. These discrepancies could
exist because the associations between the beliefs and creativity
vary depending on the task. Future research could explore
the effects of the beliefs on various task types. Additionally,
researchers could examine the impact of task difficulty. Given
that the self-regulatory benefits of self-efficacy (Bandura, 1977)
and incremental beliefs (Dweck, 2000) seem to be most apparent
when people encounter obstacles, more effects of the beliefs on
psychological outcomes and creativity might emerge or disappear
when taking into account the level of task difficulty. Secondly, the
present research only provided correlational results. In the future,
longitudinal and experimental research should be conducted in
order to confirm the directionality of the relationships among
the beliefs, self-regulatory responses, and creativity. Finally, these
findings only demonstrated the mediation effects of positive
affect and flexibility on the relationship between creative self-
efficacy and creative performance. Future research could replicate
these results by testing the same variables used in this research
and expanding the investigation to include further relevant
factors.

CONCLUSION

This research explores factors that could explain the relationship
between beliefs about creativity (i.e., creative self-efficacy and
mindsets) and creative performance. This research contributes
additional knowledge regarding how beliefs concerning
creativity, particularly creative self-efficacy beliefs, might
influence creativity. The present findings suggest that creative
self-efficacy could positively affect creativity by promoting
positive affect and enhancing cognitive flexibility. This research
also reveals some connections between beliefs concerning
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creativity and adaptive self-regulatory outcomes (i.e., affect, task
enjoyment, and effort).
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Does Religion Hinder Creativity?

A National Level Study on the Roles
of Religiosity and Different
Denominations

Zhen Liu', Qingke Guo't, Peng Sun’*, Zhao Wang?* and Rui Wu'*

" School of Psychology, Shandong Normal University, Jinan, China, ? College of Humanities and Social Science, Dalian
Medical University, Dalian, China

Creativity plays an irreplaceable role in economic and technological development.
It seems that religion has a negative association with creativity. If it is true, how
can we interpret the rapid development of human society with religious believers
comprising 81% of global population? Based on the datasets of the World Values
Survey and the Global Creativity Index, this study examined the effects of different
religions/denominations on national creativity, and the moderation effect of gross
domestic product per capita (GDPpc) in 87 countries. The results showed that: (1)
religiosity was negatively associated with creativity at national level; (2) Proportions
of Protestant and Catholic adherents in a country were both positively associated
with national creativity, while proportion of Islam adherents was negatively associated
with national creativity; (3) GDPpc moderated the relationships of creativity with overall
religiosity, proportion of Protestant adherents, and proportion of Catholic adherents. In
countries with high GDPpc, national religiosity and proportion of Islam could negatively
predict national creativity, and proportion of Protestants could positively predict national
creativity; in countries with low GDPpc, these relationships became insignificant. These
findings suggest that national religiosity hinders creativity to a certain extent. However,
some denominations (i.e., Protestant and Catholic) may exert positive influences on
creativity due to their religious traditions and values. The religion—creativity relationship
at national level only emerges in affluent countries.

Keywords: national creativity, religion, denominational differences, GDP per capital, national level

INTRODUCTION

Creativity, one of the unique human abilities, has been playing an irreplaceable role
in human society. Technological advancement and economic growth both can benefit
from creativity. For countries, creativity has been considered as a key indicator of
national competitiveness (Florida, 2002). Recently, increasing literature on creativity has
been conducted from a cultural perspective (Glaveanu, 2010), mostly at national level (e.g.,
Rinne et al, 2013; Efrat, 2014; Kaasa, 2016). Religion has strong power in shaping societal
and individual outcomes (Herbig and Dunphy, 1998; Chan-Serafin et al, 2013; Okulicz-
Kozaryn, 2015), but few studies have examined the effect of religion on national creativity.
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Some researchers posit that religion hinders creativity,
because rules and traditions are over stressed by religion while
creativity requires people to challenge traditions and rules to
seek a breakthrough (Gino and Wiltermuth, 2014; Okulicz-
Kozaryn, 2015). But some other researchers argue that religion
may be beneficial for creativity because religion cultivates
personal virtues (e.g., hard-working) and cognitive schema that
are positively associated with creativity (Day, 2005; Assouad
and Parboteeah, 2018). In fact, empirical studies tend to
support a negative association between religion and creativity
(e.g., Dollinger, 2007; Bénabou et al., 2013, 2015; Okulicz-
Kozaryn, 2015). However, if religion hinders creativity, it seems
paradoxical that rapid economic and technological development
can occur in this world where more than 81% of the population
is religious (according to the 6th waves of World Value Survey,
WVS).

Previous literature suggests that different
religions/denominations have dissimilar effects on prosocial
behaviors (Prouteau and Sardinha, 2015), trust (Dingemans
and Ingen, 2015), and entrepreneurship (Dana, 2009). National
economic situation has been found to have a moderating effect
on the relationship between religion and outcomes, such as
values (Saroglou et al., 2004) and prosociality (Guo et al., 2018).
We speculated that the different findings on religion—creativity
relationship and the paradox between rapid development and
numerous religious populations can be accounted for by the
dissimilar effects of religious denominations, as well as the
moderation effect of economy. Thus, using datasets of WVS and
the Global Creativity Index (GCI), we conducted this national-
level study to explore the influences of different denominations
on creativity, and the moderating role of economic factor in the
religion—creativity relationship.

Creativity at National Level

Glaveanu (2010) classified the research on creativity into
three paradigms, namely, He-paradigm, I-paradigm, and
We-paradigms. He-paradigm is the earliest strategy for the
exploration of creativity, which focuses on outstanding ability
and fertility of the genius. This paradigm always considers
creativity exclusive to the genius group. With the increase of
creativity studies, I-paradigm emerges, which starts to investigate
creativity of ordinary individuals rather than genius. In this
stage, the relationship between creativity and personal attributes
(such as personality and cognition) attracts the interest of
many researchers. In the last few decades, We-paradigm, which
focuses on social psychology of creativity, has become prevalent.
Researchers adopting this paradigm, have gradually realized the
great influence of sociocultural factors on creativity (Glaveanu,
2010), and tend to understand creativity in particular contexts
(e.g., Rinne et al., 2013; Kaasa, 2016).

A growing body of literature has examined the relationship
between culture variables, especially the Hofstede’s (1980)
cultural values, and national creativity. Using data of 33 countries,
Shane (1993) explored the relationship between Hofstede’s
cultural values and per capita numbers of trademarks which was
used as indicator of national creativity. He found that national
rate of innovation was negatively associated with power distance

and uncertainty avoidance, but was positively connected with
individualism. These findings were completely replicated by Efrat
(2014) who used more comprehensive indicators of national
creativity, including patents, scientific and technical journal
articles, and high-technology exports. However, using a dataset
for 43 countries, Rinne et al. (2013) found that only individualism
was positively related to indicators of national creativity, the GCI
and the Design and Creativity Index. The negative effects of
power distance and uncertainty avoidance on national creativity
had not been replicated.

Religion and Creativity

There have always been controversies over the religion-
creativity relationship. Existing literature supports two opposite
standpoints: religion hinders creativity and religion facilitates
creativity, which were, respectively, called “hinder hypothesis”
and “facilitate hypothesis” in this study.

Okulicz-Kozaryn (2015) argued that religion requires people
to follow traditions and discourages people to embrace diversity.
Thus most of religious followers tend to be conservative
individuals who are more likely to be less creative (Dollinger,
2007). Moreover, creativity is associated with challenging
traditions and rules, and tolerance of diversity, which are
discouraged by most religious traditions. Brenkert (2009) pointed
that rule breaking was a feature of creativity and innovation.
Gino and Wiltermuth (2014) found that dishonest individuals
tend to be more creative. They further proposed that dishonesty
and creativity both involved rule-breaking. These findings may
indirectly support the “hinder hypothesis” because religious
people are usually more honest and are more likely to follow the
rules than their secular counterparts (Saroglou, 2010; Okulicz-
Kozaryn, 2015). Meanwhile, religiosity has been found to be
positively related with conformity that is disruptive to creativity,
but negatively with self-direction that is conductive to creativity
(Schwartz and Huismans, 1995). Given the above, it seems
reasonable to assume that religion hinders creativity.

However, Assouad and Parboteeah (2018) held that the
believers particular traits (e.g., self-control, honest, spirit of
cooperation, and hard-working) fostered by religions can
contribute to creativity. By cultivating these virtues in the
adherents, religion can build a positive environment and network
for creativity and entrepreneurship (Dana, 2009; Assouad and
Parboteeah, 2018). Day (2005) further proposed that religion can
facilitate creativity through different mechanisms. First, people
in religious activities can learn to view their experiences in a
new way. Second, religious faith can enrich followers’ schemas
which provide more ways for organizing information. Third,
religious activities can facilitate internal loci of control, which
is associated with more effective problem solving (Day, 2005).
Recently Shen et al. (2017) have found a positive relationship
between morality and creativity, providing indirect evidence for
the “facilitate hypothesis.” That is, religion cultivates morality,
and morality is positively associated with creativity.

To date there have been only a few researches studying
the religion-creativity association at aggregate level. Okulicz-
Kozaryn (2015) investigated the relationship between religiosity
and creativity at local level (i.e., across United States counties).

Frontiers in Psychology | www.frontiersin.org

October 2018 | Volume 9 | Article 1912


https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Liu et al.

Different Denominations and Creativity

They found that local religiosity (indicated by adherence per
population and church density) correlated significantly and
negatively with local creativity (indicated by creative class and
patent number), supporting the “hinder hypothesis.” Bénabou
et al. (2013) also found negative relationships between religion
and creativity both across US states and across the world. Using
dataset for 30 countries, Assouad and Parboteeah (2018) found
that the normative aspect of religion had a positive relation with
firm-level innovation, which supports the “facilitate hypothesis.”
But they also found that the regulatory aspect of religion was
negatively related to firm-level innovation, while the normative
aspect of religion showed no relationship with creativity.

Contrary to the scarcity of direct research, there are a
greater number of indirect studies on the religion—creativity
association, mostly supporting the “hinder hypothesis.” Scientists
are considered to be the most creative people both by the public
and by the academia. Scientists tend to have lower level of
religiosity and smaller proportion of adherents than the general
population (Larson and Witham, 1998; Ecklund and Scheitle,
2007). Furthermore, the proportion of believers among scientists
has been observed to be on a downward trend (Larson and
Witham, 1998). Besides, the I-paradigm also provides indirect
evidence for the “hinder hypothesis.” For example, Dollinger
(2007) found that highly conservative individuals, who had
poor performances on creativity, tended to use religiosity as the
common theme in a photo essay task. Using the data of WVS,
Bénabou et al. (2015) found that individual religiosity negatively
predicted pro-innovation attitudes and positively predicted anti-
innovation attitudes even when numerous socio-demographic
variables were controlled.

The Present Study

Culture is the set of customs, traditions, and values shared by
people in a society or a community (Kaasa, 2016). Herbig and
Dunphy (1998, p. 18) defined religion as “a socially shared
set of beliefs, ideas, and actions which...... is believed to
affect the course of natural and human events.” From these
definitions it is easy to find that religion and culture are similar
constructs. Religion and culture shape each other, and are part
of each other (Ronen and Shenkar, 2013). Culture’s influence on
creativity has been revealed by numerous studies (e.g., Shane,
1993; Efrat, 2014), while the relationship between religion and
creativity/innovation has not been soundly addressed. This is the
reason why this study was designed and conducted.

Using datasets of GCI and WVS, we explored the relationship
between religion and national creativity. GCI covers three aspects
of national creativity, namely technology, talent, and tolerance
(Florida, 2002, 2014). Thus it is an indicator of national creativity
more comprehensive than that used by Bénabou et al. (2013), as
well as that used by Assouad and Parboteeah (2018). Considering
the results of direct and indirect research on religion and
creativity, we propose that religiosity is negatively related with
creativity at national level (Hypothesis 1).

Religion plays an essential role in influencing individual
even social/national outcomes. And creativity is a vital factor
in shaping social development and economic growth of each
country, whether it is religious or not (Raghupathi and

Raghupathi, 2017). However, existing literature seemingly shows
that religion is not beneficial for creativity, despite there are
still different voices. Religious population comprises more than
81% of the world’s population. And the overwhelming majority
of countries in the world are religious. If the conclusion is
in accordance with reality, the technological development and
economic growth in our world should have not been so rapid.
What causes this paradoxical phenomenon? We propose that
different effects of religions/denominations and moderation
effect of economy may be solutions to this perplexing question.

Berry (1999) investigated the general relationship between
religious backgrounds and creativity, using about 1,400
outstanding achievers in art- or science-related areas. He
found that the achievers in science areas were mostly from
Protestant background, while the achievers in art-related
areas were mostly from Catholic background. Dana (2009)
also found that religion may have both positive and negative
impact on entrepreneurship, which may differ across religious
denominations. Various religions entrepreneurship
differently, and contribute to different networks (including
credit, employment, information, and supply networks of
co-religionists) that affect entrepreneurship (Dana, 2009).
These findings show that the effects of religions on national
creativity may depend on teachings and values of different
religions/denominations. Previous literature suggests that the
proportion of adherents in a population can be considered
as an indicator of the religious culture (e.g., Okulicz-
Kozaryn, 2015; Einolf, 2017). And the tradition and values
maintained and promoted by a religion/denomination
could pervade religious boundaries and exert influences
on the whole society (Lam, 2006). According to samples
and variables in the dataset of WVS, this study used
five religious denominations (i.e., Protestant, Orthodoxy,
Catholic, Islam, and Buddhist). We propose that various
religions/denominations have different relationships with
national creativity.

According to the Protestant work ethic (Weber, 1930)
valuing hard work, discipline, and frugality (Inglehart and
Oyserman, 2004), and the finding that a greater number
of achievers in science-related areas come from Protestant
background (Berry, 1999), we hypothesize that Protestant culture
is positively related with national creativity (Hypothesis 2a).
Due to the fact that Catholic also has a tradition encouraging
hard work and thrift which can translate into economic
success (Andersen et al., 2017), and the finding that achievers
from Catholic background have more creativity in arts than
counterparts from Protestant background (Berry, 1999), we
hypothesize that Catholic culture may also have a positive
relation with national creativity (Hypothesis 2b). What effect
Orthodoxy has on creativity is not hypothesized in this study
because the Orthodoxy-creativity relationship has seldom been
studied by existing literature. With respect to Muslim, we
hypothesize its relationship with national creativity is negative
(Hypothesis 2c), because determinism is deeply embedded in
Islam culture (Herbig and Dunphy, 1998; Westwood and Low,
2003). Furthermore, traditional interpretations of Islam are
not compatible with the development of science, which also

value
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hinders creativity. It is a little difficult to deduce the Buddhism-
creativity relationship. On one hand, Buddhism may “de-
emphasize materialism and encourage acceptance and quietude”
(Westwood and Low, 2003, p. 242), suggesting that Buddhism
does not encourage change and innovation. On the other
hand, Buddhism emphasizes impermanence and recommends
its adherents to engage in mindfulness and meditation practice,
which can improve creativity (Colzato et al., 2012; Ding et al,,
2014; Berkovich-Ohana et al., 2017). These effects of Buddhism
may operate in the opposite directions, leading us to hypothesize
that there is no relationship between Buddhism culture and
national creativity (Hypothesis 2d).

Creativity and economy influence one another (Rinne et al.,
2013; Raghupathi and Raghupathi, 2017). It seems that economic
factors should be taken into consideration when the religion-
creativity relation is examined. Previous literature has indicated
a moderating effect of economy in the religiosity—prosociality
relationship at national level (Guo et al., 2018). This suggests
that roles religion plays may vary according to different levels
of economic development across countries (Saroglou et al.,
2004). Therefore gross domestic product per capita (GDPpc) was
introduced as a moderator in this study to explore the detailed
relationship between religion and creativity.

The relationship between economy and creativity/innovation
is bidirectional (Rinne et al., 2013; Raghupathi and Raghupathi,
2017). However, in the initial phase of economic development
in a country, economy can be developed prior to or even
be independent with innovation. In developing countries,
the patents of foreigners take up a considerable proportion
(Raghupathi and Raghupathi, 2017), and technology mostly relies
on “spillovers” of developed countries (Fagerberg et al., 2010). In
this case, the religion-creativity relationship may be too weak to
be observed. But with full development of economy, the impact
of religion on creativity/innovation should become evident. This
is because that in developed countries creativity/innovation is
an essential factor for economic development (Fagerberg et al.,
2010). In this case, intrinsic relationship of religion with national
creativity will rise to the surface. Thus, we proposed another
hypothesis that the association of religions/denominations and
national creativity may be moderated by GDPpc. Specifically,
the religion—creativity relationship would be weaker in low (even
disappear) relative to high GDPpc countries (Hypothesis 3).

MATERIALS AND METHODS

A nation-level design was applied in this study, regarding a
country as a unit of analysis (e.g., Rinne et al., 2013; Kaasa, 2016;
Guo et al.,, 2018). Finally there were 87 countries in our analyses
with data available for all research variables.

Independent Variables

Religious variables were provided by the WVS' (Inglehart et al.,
2014), a major cross cultural survey on beliefs and values. Since
1981, WVS has been conducted for six waves, generating a dataset

Lwww.worldvaluessurvey.org

including about 100 countries. Datasets for six waves were all
involved in this study.

According to previous research (Bénabou et al., 2013; Guo
et al., 2018), overall religiosity of a country/region was measured
with four items of WVS: church attendance, importance of deity,
importance of religion, and religious faith for children. The item,
“Apart from weddings and funerals, how often do you attend
religious services these days?” with an 8-point scale ranging
from “several times a day” to “never;” was used to capture the
church attendance. The importance of deity was measured by
the question “How important is deity in your life” using a 10-
point scale (1 = “not at all important,” 10 = “very important”),
where the particular deity depends on the participants’ religion.
The importance of religion was measured by the item, “How
important is religion in your life” with a 4-point scale ranging
from “very important” to “not at all important.” After reverse-
scoring the negatively worded items, each score of these
items was averaged according to country/region (individual-
level Cronbach’s a = 0.70). The religious faith for children was
measured by the proportion of participants in each country who
chose religious faith as one of the important qualities (up to five)
for children. Then the four scores were standardized at country
level and combined into the indicator of overall religiosity of
each country (national-level Cronbach’s a = 0.82). It should be
noted that both religious and irreligious respondents answered
these four items. We computed the overall religiosity indicator
for all valid respondents rather than for only adherents of the five
denominations.

Religious denominations in WVS have been classified in
great detail. Following previous literature (Berger, 2006), we
identified five religions/denominations (Protestant, Orthodoxy,
Catholicism, Muslim, and Buddhism) and merged their sub-
denominations (see Table 1). The number of believers of
each denomination was calculated according to answers to the
item “Do you belong to a religion or religious denomination?
If yes, which one.” Then the numbers for believers of the
five denominations were divided by the valid sample sizes,
respectively, to indicate the percentages of five denominations in
each country.

Dependent Variable

National creativity was taken from the research of Florida et al.
(2015). In their study on GCI, an indicator of nation-level
creativity, of 139 countries across the world, was measured on
a 3Ts (Technology, Talent, and Tolerance) model of creativity
(Florida, 2002, 2014). GCI is a broad-based measure of national
creativity that includes research and development investment,
patent applications, creative class, educational attainment, and
attitudes toward minorities. Thus, compared to indicators used
in previous research, such as patents per capita (e.g., Bénabou
etal., 2013) and proportion of individuals in creative occupations
(e.g., Okulicz-Kozaryn, 2015), GCI can be considered as a more
comprehensive measure of national creativity.

Moderator Variable
GDPpc, which is usually used as an economic variable in
national-level studies, was taken from the World Bank Open
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TABLE 1 | Religious denominations and sub-denominations.

Denomination  Sub-denomination

Protestant Anglican; Baptist; Christian Reform; Evangelical; Methodists; Pentecostal; Presbyterian; Protestant; Seven Day Adventist; The Church of Sweden;
Dutch Reformed; Reformed Churches in the Netherlands; Evangelical/Apostolic Faith Mission

Catholicism Catholic: Does not follow rules; Greek Catholic; Roman Catholic

Orthodoxy Orthodox

Muslim Al-Hadis; Muslim; Shia; Sunni

Buddhism Buddhism

Data’. The last WVS wave was conducted from 2010 to 2014,
so the indicator of GDPpc was calculated by averaging the data
collected during 2010-2014. A logarithm transformation was
applied to GDPpc in order to yield normally distributed data.

Control Variables

Intelligence is significantly associated with creativity (for a
review, see Sternberg and O’Hara, 1999). Cinnirella and
Streb (2017) argued that religious tolerance, measured by
the religious pluralism index (RPI), had a positive effect on
creativity and innovation. Therefore, national IQ and RPI were
used as controls in this study. National IQ was obtained
from a research focusing on intelligence and human capital
(Meisenberg and Lynn, 2011). In this research, the missing
data of human capital were extrapolated by national IQ,
as a high correlation between them (r = 0.981). Thus, the
missing data of IQ were substituted by the Human Capital
reported by Meisenberg and Lynn (2011) in this study.
Scores for national RPI were calculated using the formula 1-
=N = 177 (Cinnirella and Streb, 2017), where T; refers to the
percentage of individuals who believe Protestant, Orthodoxy,
Catholicism, Muslim, Buddhism, or other religions in each
country, respectively.

RESULTS

Descriptive statistics for 87 countries/regions, including the
numbers of valid participants and believers of different
denominations, scores for overall religiosity, national IQ, GDPpc,
and RPI were presented in Table 2.

National-level correlations among variables in the present
study were shown in Table 3. The overall religiosity was
negatively related to GDPpc, GCI, IQ, and PRI. Proportion
of Catholics had a positive correlation with GCI. Proportion
of Protestants was positively correlated with GCI and PRI. In
addition, proportion of Muslims was negatively connected with
GCI, GDPpc, IQ, and RPL.

Then a hierarchical regression was conducted to further
explore the religion—creativity relationship, controlling IQ and
RPI. IQ and RPI as the controls were entered in Step 1,
and overall religiosity or denominational cultures (indicated
by proportions of different religious denominations) were
entered in Step 2 (see Tables 4, 5). Table 4 showed that
RPI and IQ could significantly predict GCI. But religiosity

Zhttp://data.worldbank.org

no longer had a significant effect on GCI when RPI and
IQ were controlled. As Table 5 shown, only Protestant
proportion and Catholic proportion could positively predict
GCI, which is consist with the correlation analysis, but the
negative Muslim-GCI relationship disappeared in the regression
model.

To test the moderating effect of GDPpc on the relationships
between religion and GCI, Hayes’s (2013) PROCESS macro for
SPSS was employed. Six moderation analyses were conducted in
Model 1 with 5,000 bootstrap samples. The detailed results were
presented in Table 6.

GDPpc moderated the relationship between overall religiosity
and GCI (see Table 4). As Figure 1 shown, in countries with
high GDPpc, the overall religiosity could negatively predict GCI
(b=—0.016, £(81) = —2.023, p = 0.046, 95% confidence interval,
CI = [—0.033, —0.000]), but in countries with low GDPpc, the
predictive effect of overall religiosity on GCI was not significant
(b = —0.004, £(81) = 0.522, p = 0.603, 95% CI = [—0.011,
0.018]).

The interaction between GDPpc and proportion of Protestants
in a country positively predicted GCI (see Table 4). As shown
in Figure 2, in countries with high GDPpc, proportion of
Protestants could positively predict GCI (b = 0.214, t(81) = 2.302,
p =0.024, 95% CI = [0.029, 0.400]), while in countries with low
GDPpc, the predictive effect was not significant (b = —0.178,
t(81) = —1.143, p = 0.257, 95% CI = [—0.488, 0.132]).

In contrary, the interaction between GDPpc and proportion
of Muslims in a country negatively predicted GCI (see Table 4).
As shown in Figure 3, in countries with high GDPpc,
proportion of Muslims could negatively predict GCI (b = —0.448,
t(81) = —5.071, p < 0.001, 95% CI = [—0.624, —0.272), while
in countries with low GDPpc, proportion of Muslims failed
to predict GCI (b = —0.009, £(81) = —0.193, p = 0.847, 95%
CI = [—0.104, 0.085]).

DISCUSSION

Creativity exerts strong influences on society, economy, science,
and technology. The effect of culture on national creativity
and innovation has been found by numerous studies (e.g.,
Efrat, 2014; Kaasa, 2016). Religion has a complex interaction
with culture (Ronen and Shenkar, 2013), and is essential for
human society. This study explored the effects of different
religions/denominations on national creativity, and revealed
some intriguing and innovative findings.
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TABLE 2 | Descriptive statistics at national level (N = 87).

country N Catholicism Protestant Orthodoxy Muslim Buddhism Religiosity GCl 1Q RPI
Albania 1994 650 184 204 706 6 -1.02 0.20 82.90 0.75
Algeria 2482 0 0 0 2476 0 3.77 0.28 82.80 0.00
Argentina 6371 4872 131 29 4 76 -0.39 0.68 96.00 0.41
Armenia 3056 14 6 11 1 2 —-1.20 0.27 92.00 0.23
Australia 4858 1209 1727 83 32 63 —-4.17 0.97 98.00 0.81
Azerbaijan 2991 2 5 53 2794 0 —0.81 0.24 84.80 0.13
Bangladesh 3021 17 2 1 2684 10 5.06 0.32 81.00 0.20
Belarus 3552 322 32 2264 6 0 —-3.24 0.60 95.10 0.59
Bosnia 1185 154 1 248 485 0 —0.45 0.25 94.00 0.77
Brazil 4582 2916 775 117 3 11 2.31 0.67 87.00 0.56
Bulgaria 2048 14 9 1285 238 2 —-3.85 0.51 92.50 0.59
Burkina Faso 1617 473 120 3 818 0 4.54 0.38 71.00 0.60
Canada 4030 1530 729 39 59 24 —1.49 0.92 100.00 0.81
Chile 5647 3624 531 142 0 1 0.39 0.61 91.00 0.58
China 6138 30 151 0 117 300 —8.33 0.46 105.50 1.00
Colombia 10545 8224 535 127 2 2 2.36 0.41 83.50 0.39
Croatia 1174 989 4 14 14 0 —2.11 0.48 99.00 0.29
Cyprus 2042 11 3 1415 498 0 0.93 0.45 91.50 0.46
Czechia 1993 797 75 0 0 0 —6.58 0.61 98.00 0.84
Dominican Republic 409 245 48 0 0 0 2.58 0.92 82.00 0.63
Ecuador 1201 753 142 0 0 0 2.70 0.53 88.00 0.59
Egypt 6050 0 0 0 5687 0 4.87 0.20 81.00 0.11
El Salvador 1254 738 288 0 0 28 417 0.25 78.90 0.60
Estonia 2509 34 215 516 6 6 —5.86 0.63 99.00 0.95
Ethiopia 1482 23 291 971 1568 1 3.59 0.30 68.50 0.52
Finland 2991 325 2097 30 63 0 —4.09 0.92 97.00 0.49
France 994 417 22 2 a7 5 —5.59 0.82 98.00 0.82
Georgia 4698 42 4 4225 166 2 1.65 0.45 86.50 0.19
Germany 6034 1375 1941 47 148 8 —5.12 0.84 99.00 0.84
Ghana 3047 528 1748 193 404 1 5.35 0.07 70.00 0.62
Great Britain 1012 113 293 3 43 4 —3.98 0.88 100.00 0.90
Guatemala 995 559 310 0 2 1 4.60 0.45 79.00 0.59
Hong Kong 2243 67 102 0 2 273 —-5.79 0.72 108.00 0.97
Hungary 3023 1827 679 17 6 0 —4.24 0.67 96.50 0.58
India 9976 167 86 40 983 119 1.00 0.29 82.00 0.30
Indonesia 3007 65 136 0 2785 0 5.79 0.20 87.00 0.14
Iran 5187 0 0 0 5081 0 3.71 0.48 83.50 0.04
Iraq 6207 16 2 9 6159 0 3.98 0.03 87.00 0.02
[taly 1011 885 0 0 0 2 0.34 0.72 97.00 0.23
Japan 7367 45 55 106 0 2924 —-5.14 0.71 105.00 0.84
Jordan 3622 33 8 23 3499 0 4.52 0.38 84.00 0.07
Kazakhstan 1502 15 10 400 756 2 —2.88 0.36 84.70 0.68
Kyrgyzstan 2534 9 17 170 2111 3 —0.60 0.24 74.40 0.30
Latvia 1127 222 233 217 4 1 —4.36 0.56 96.10 0.88
Lebanon 1129 261 13 133 622 0 1.30 0.32 82.00 0.62
Lithuania 977 778 20 42 1 2 —2.21 0.49 92.00 0.36
Macedonia 2032 10 5 1084 505 0 -0.89 0.39 90.50 0.65
Malaysia 2498 84 55 0 1509 461 3.79 0.46 88.50 0.58
Mali 1503 27 8 1 1426 1 4.34 0.35 69.50 0.10
Mexico 10729 7957 779 39 5 8 1.78 0.41 88.00 0.44
Moldova 2950 40 49 2660 2 0 —-0.37 0.26 92.50 0.19
Montenegro 317 25 0 208 68 0 —3.63 0.52 85.80 0.51

(Continued)
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TABLE 2 | Continued

country N Catholicism Protestant Orthodoxy Muslim Buddhism Religiosity GClI 1Q RPI
Morocco 3650 2 1 1 3635 0 5.11 0.18 84.00 0.01
Netherlands 2810 591 316 57 53 6 -5.74 0.89 100.00 0.94
New Zealand 2897 410 1470 3 12 15 —4.62 0.95 99.00 0.71
Norway 2142 25 1590 10 17 6 —5.46 0.88 100.00 0.45
Pakistan 3932 0 0 0 3320 0 5.23 0.24 84.00 0.29
Peru 5360 4178 567 0 1 3 2.1 0.42 85.00 0.38
Philippines 3593 2707 140 0 123 0 4.33 0.49 90.00 0.42
Poland 3086 2914 28 28 0 1 1.89 0.52 95.00 0.11
Romania 4462 258 243 3908 9 3 1.96 0.43 91.00 0.23
Russia 8374 18 55 4193 366 21 —4.76 0.58 96.50 0.75
Rwanda 3034 1639 753 32 305 5 2.49 0.14 76.00 0.64
Saudi Arabia 1499 0 0 0 1457 0 3.64 0.36 79.00 0.05
Singapore 3480 197 376 0 557 1055 —0.66 0.90 108.50 0.83
Slovakia 1557 1155 149 3 0 —1.83 0.48 98.00 0.44
Slovenia 3067 2085 49 58 4 -3.73 0.82 96.00 0.54
South Africa 15970 2054 7450 109 625 25 2.70 0.56 72.00 0.72
South Korea 6999 1050 1430 25 7 1710 —-2.92 0.66 106.00 0.88
Spain 6256 5036 37 9 7 10 —3.56 0.81 97.00 0.35
Sweden 3192 52 2224 13 36 1 —6.55 0.92 99.00 0.51
Switzerland 3708 1612 1594 7 25 1 —2.84 0.82 101.00 0.62
Tanzania 1162 330 219 58 469 0 5.30 0.13 72.50 0.72
Thailand 2729 7 2 0 65 2639 0.56 0.37 88.00 0.06
Trinidad and Tobago 1977 400 847 6 125 5 3.72 0.43 86.70 0.72
Tunisia 1205 0 0 0 1205 0 3.82 0.26 84.00 0.00
Turkey 8259 24 13 3 7826 0 2.02 0.35 88.50 0.10
Uganda 1002 356 453 8 169 0 4.62 0.20 72.00 0.64
Ukraine 5108 358 44 3273 17 8 —2.66 0.52 95.00 0.58
United States 6018 1364 1800 25 19 31 0.84 0.95 98.00 0.82
Uruguay 2972 972 211 0 0 2 -3.78 0.69 96.00 0.89
Uzbekistan 1490 1 4 45 1426 1 —1.87 0.29 79.60 0.08
Venezuela 2366 1777 155 2 0 2 1.87 0.47 84.00 0.43
Viet Nam 2491 151 26 1 1 383 -5.22 0.38 94.00 0.76
Yemen 1000 0 0 0 1000 0 4.47 0.11 83.00 0.00
Zambia 1500 513 694 20 2 3.90 0.10 75.00 0.65
Zimbabwe 2498 491 1449 10 15 2 4.50 0.1 71.50 0.61
GClI, Global Creativity Index; 1Q, intelligence quotient; RPI, religious pluralism index.
TABLE 3 | Correlations among key variables at national level (N = 87).

M SD 1 2 3 4 5 6 7 8 9 10
1. Religiosity 0 3.78 1
2. Catholicism 0.25 0.29 0.04 1
3. Protestant 0.13 0.19 —0.08 0.02 1
4. Orthodoxy 0.11 0.23 —0.11 —0.30** —0.22* 1
5. Islam 0.25 0.37 0.50%** —0.48** —0.37%* —0.16 1
6. Buddhism 0.03 0.12 —0.09 -0.17 —-0.11 —0.11 —-0.11 1
7.GCl 0.49 0.25 —0.65"* 0.22* 0.28** —0.09 —0.53*** 0.06 1
8. GDPpc 8.97 1.32 —0.63*** 0.17 0.20 -0.12 —0.39*** 0.09 0.82%* 1
9.1Q 89.10 9.70 —0.77** 0.08 —0.04 0.01 —0.44%** 0.19 0.72%** 0.80*** 1
10. RPI 0.50 0.28 —0.55%* 0.09 0.35%* —0.02 —0.64** 0.02 0.49%* 0.35%** 0.40*** 1

GClI, Global Creativity Index; GDPpc, gross domestic product per capita; IQ, intelligence quotient; RPI, religious pluralism index. *p < 0.05, **p < 0.01, **p < 0.001.
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TABLE 4 | Regression analysis of the relationship between overall religiosity and
GCI (N = 87).

Model 1 Model 2
b t b t
RPI . 0.21% 3.04 0.18* 2.40
Q 0.02%** 7.91 0.01%** 4.88
Religiosity —0.01 —0.86
AR? 0.56%* 0.00

IQ, intelligence quotient; RPI, religious pluralism index. *p < 0.05, *p < 0.01,
p < 0.001.

Overall Religiosity and National
Creativity

Consistent with previous findings (Bénabou et al., 2013; Okulicz-
Kozaryn, 2015), correlation analysis in this study showed
that overall religiosity had a negative association with GCI.
Moderation analysis further indicated that this relationship was
significant only in countries with high GDPpc, but disappeared
in countries with low GDPpc. However, hierarchical regression
analysis illustrated that religiosity failed to predict GCI when
national level IQ and RPI were controlled. Therefore hypothesis
1, namely “hinder hypothesis,” was partly supported.

Religion and creativity in some sense are opposite in nature.
Religion is about obedience and conformity to traditions
(Schwartz and Huismans, 1995), while creativity is about
challenge and change (Brenkert, 2009; Gino and Wiltermuth,
2014; Okulicz-Kozaryn, 2015). Religion is associated with
conservatism (Dollinger, 2007), prescribing inheritance and
protection of religious traditions. Common beliefs, values, and
religious practices yield particular patterns shared by believers
in a religious community (Dana, 2009). Moreover, religion
emphasizes rules and traditions. Compared to secular people,
it is more difficult for religious people to accept creative
and innovative ideas that challenge rules and traditions. On
the contrary, creativity requires a critical and doubtful spirit
that traditions and existing relationships in the world are
challengeable (Brenkert, 2009). Strong endorsement of obedience

and conformity to traditions among religious adherents can
create a conservative atmosphere in the whole society and exert a
negative influence of creativity. Creativity is a social or situational
phenomenon (Okulicz-Kozaryn, 2015). On one hand, creative
ideas usually come from social interaction, allowing different
ideas to collide and interact; on the other hand, whether one
idea/activity is creative depends on perspectives of the society or
the public. These features suggest that creativity is less likely to
occur in societies with strong religiosity (Glaveanu, 2010).

Correlation analyses also showed that the overall religiosity
was negatively related to RPI, and RPI was positively related to
GCI. These results echo Cinnirella and Streb’s (2017) argument
that religious tolerance has a positive relation with innovation
and creativity. In addition, previous research finds that religiosity
has a negative relationship with diffusion rate of innovation
(Azam et al, 2011) and total factor productivity (Herzer and
Strulik, 2016), providing indirect evidence for the “hinder
hypothesis.” Here the “hinder hypothesis” should be given more
consideration. In this study, we found that the negative effect
of religiosity on creativity became insignificant when IQ and
RPI were controlled, and the religiosity—creativity relationship
is significant only in affluent countries. This suggests whether
the “hinder hypothesis” holds depends on other factors (e.g.,
economy).

The Effects of Different Denominations

on National Creativity
Correlation and regression analysis in this study illustrated that
both proportion of Catholics and proportion of Protestants had
a positively correlation with GCI, while only the correlation
analysis showed that proportion of Muslims had a negative
correlation with GCI. Proportions of adherents of Orthodox and
Buddhism had no significant relation with GCI. Thus Hypothesis
2 was supported. These results can account for the controversies
over the religion-creativity association. That is, the effects of
different denominational cultures on national creativity were
dissimilar.

Religions can build social networks based on different
religious traditions, doctrines, and values (Dana, 2009). This
suggests that religions can influence creativity and innovation

TABLE 5 | Regression analysis of the relationships between denominations and GCI (N = 87).

Model 1 Model 2 Model 3

b t b t b t
RPI 0.21** 3.04 0.11 1.57 0.10 1.50
Q 0.02%** 7.91 0.02*** 8.96 0.02%** 9.08
Catholicism 0.13* 2.33
Protestant 0.34%** 3.50 0.35%** 3.61
Orthodoxy
Islam
Buddhism
AR? 0.562** 0.06*** 0.02***

1Q, intelligence quotient; RPI, religious pluralism index. Denominational cultures were put in Step 2 using a stepwise method, with the regression coefficients of excluded

variables not being presented. *p < 0.05, **p < 0.01, **p < 0.001.
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TABLE 6 | Moderating effects of GDPpc on relationships between religion and creativity (N = 87).

Independent variable — GCI GDPpc — GCI interaction — GCI R?

b SE Cl b SE Cl b SE Cl
Religiosity —0.01 0.01 [-0.34, 0.83] 0.12%** 0.02 [0.09, 0.16] -0.01* 0.00 [-0.01, —0.00] 0.74%*
Catholicism 0.06 0.05 [-0.05, 0.16] 0.13*** 0.02 [0.09, 0.16] 0.08 0.06 [-0.04, 0.19] 0.73***
Protestant 0.02 0.10 [-0.19, 0.23] 0.171%* 0.02 [0.07, 0.15] 0.15* 0.06 [0.04, 0.26] 0.75%**
Orthodoxy -0.07 0.05 [-0.16, 0.03] 0.12%** 0.02 [0.08, 0.16] -0.14 0.04 [-0.22, —0.06] 0.74%*
Muslim —0.23** 0.05 [-0.33, —0.12] 0.12%** 0.02 [0.09, 0.15] —0. 17 0.04 [-0.24, —0.10] 0.80***
Buddhism —0.05 0.30 [-0.066, 0.55] 0.12%** 0.02 [0.09, 0.16] —0.08 0.19 [-0.45, 0.30] 0.72%**

Cl, 95% confidence interval;, GCI, Global Creativity Index; GDPpc, Gross Domestic Product per capita. *p < 0.05, **p < 0.01, **p < 0.001.
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FIGURE 1 | Moderating effects of GDPpc on the religiosity—creativity
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FIGURE 2 | Moderating effects of GDPpc on the Protestant—creativity
association.

through norms, customs, and beliefs that are to some extend
pervading (Herbig and Dunphy, 1998). Berry (1999) argued
that different religious traditions had dissimilar value systems
encouraging the adherents to attain achievements in different
domains.

This study showed that two denominational cultures, namely
Protestant and Catholic, had positive effects on creativity,

supporting Hypothesis 2a and 2b. The positive effect of Protestant
culture on creativity can be partly attributed to the Protestant
work ethic. Weber (1930) pointed that Protestant work ethic
that emphases hard work, discipline, and frugality was conducive
to rapid development of economics and science. Individuals
are religiously compelled to work hard to thrive in a secular
career, facilitating the accumulation of capital. Berry (1999)
further proposed that the emphasis laid on utilitarianism
and disinterested inquiry into “Nature” were responsible
for Protestant fruitfulness in science-related areas. Protestant
culture also values individual choice, personal freedom, and
self-actualization (Inglehart and Oyserman, 2004), which are
contributive to innovation and creativity. Existing research finds
that intrinsic motivations are usually associated with increased
creativity, while extrinsic motivations are usually associated with
decreased creative performance (Hennessey, 2003). Professional
development, achievement, and wealth accumulation advocated
by Protestant work ethic can stimulate more intrinsic motivations
in Protestants to achieve maximized personal value. Westwood
and Low (2003) argued that achievement orientation and
individualism in Protestant culture are beneficial for creativity
and innovation. Consistently, this positive connection between
individualism and creativity or innovation has been supported by
much national level research (e.g., Shane, 1993; Efrat, 2014).
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Recently, some researchers hold that the work ethics such as
hard working and thrifty have spread in Catholic world before
Protestant Reformation (Parboteeah et al., 2009; Andersen et al.,
2017). These ethics, which have translated into economic success
and productivity growth, can partly account for the positive
relationship between Catholic and creativity. Herbig and Dunphy
(1998) proposed that the values conductive to creativity and
innovation, such as achievement-orientation, materialism, and
individualism, are not exclusive to Protestant. These propositions
are supported empirically by Berry (1999) who found that
Catholic may be as creative as Protestants.

Contrary to Protestant and Catholic, Islam has a negative
relationship with national creativity, supporting Hypothesis 2c.
This suggests that countries with a greater proportion of Islam
adherents tend to have a lower level of creativity. In Koran,
supreme power regulates everything, the duty of adherents is
only to obey and follow faith and rules. The faith that Allah
determined all and creates the entire world is deeply rooted in
Islam culture, leading the believers to accept all givens and refuse
to spontaneously seek to alter things (Westwood and Low, 2003).
These traditions, in some sense, are disruptive to innovation and
creativity. Herbig and Dunphy (1998) proposed that fatalism,
non-secularism, and belief in absolute truth in the Islamic
world impeded science and innovation. However, there are also
studies showing that Islamic tradition has a positive impact on
creativity in art-related areas (Lubart, 2010). Furthermore, in
our regression model the negative effect of Islam on GCI was
partialed out by IQ and RPI, indicating that the association
between Islam and creativity need further investigation.

In line with the Hypothesis 2d, Buddhism had no relation
with creativity. Asceticism advocated by Buddhism devalues
materialism and productivity growth (Westwood and Low, 2003).
This may counteract the positive effects of Buddhist practice such
as mindfulness (Berkovich-Ohana et al., 2017) and meditation
(Colzato et al,, 2012; Ding et al., 2014) on creativity. However,
the effects of Buddhism on creativity need deep investigations
in future studies. Because Buddhism encourages the impartial
investigation of nature, which is consistent with modern Western
scientific and philosophic thought (Yong, 2005).

Effect of GDPpc on the Relationship

Between Religion and Creativity

This study found that GDPpc had a moderation effect on
the religion—creativity relationship. Specifically, the overall
religiosity—creativity ~— association, the Protestant-creativity
association, and the Islam-creativity association were all
moderated by GDPpc. Further analysis showed that only in
countries with high GDPpc the national creativity can be
predicted by overall religiosity or denominational cultures
(Protestant and Islam). Thus Hypothesis 3 was also supported.

It is surprising and interesting that no matter whether
the religion—creativity relationship is positive or negative, the
originally significant relationship lose its significance in low
GDPpc countries. This can be account for by the fact that
a considerable amount of patents belong to foreigners in low
GDP countries (Raghupathi and Raghupathi, 2017). Fagerberg

et al. (2010) also indicated that technologic advancement in
developing countries mostly relies on “spillovers” of that of
developed countries. In other words, the GCI scores of low
GDP countries are not indicative of the creativity of the
residents of these countries. A heavy reliance on the innovation
and technology in foreign countries may have weakened the
influences of religions/denominations on national creativity in
low GDP countries.

The economies of less affluent countries are mostly in factor-
driven or investment-driven stage, with innovation/creativity
being less important in economic development, while the almost
all of developed countries are in innovation-driven stage (Ozawa,
1992; Acs et al., 2008). In less affluent countries, foreign direct
investment is an important impetus to GDP growth (Seyoum
et al, 2015). Ozawa (1992) proposed that the foreign direct
investment provided not only finance but also technology for
developing countries. That is, domestic creativity of a developing
country is largely invisible and occupies a small portion. But for
affluent countries, creativity/innovation became the core impetus
to economic growth, causing the fact that the relationship
between creativity and its restraining or promoting factor starts to
emerge, and that creativity/innovation mostly relies on domestic
resources. These may partly account for the moderation effects of
GDP in this study.

Limitations and Future Directions

To our knowledge, there was only one research exploring the
religion—creativity relationship at national level (Bénabou et al,,
2013). We have made a significant progress in using more
comprehensive indicators of religiosity and national creativity. In
addition, we investigated the effects of different denominations
on national creativity, as well as the moderation effect of economy
in alarger sample of countries. But there are still some limitations.

First, although GCI used in this study is a more comprehensive
indicator of creativity than that used in previous research, it
still lacks creativity measures of other domains, such as music,
literature, and painting. Various cultures encourage creativity
in different areas (Westwood and Low, 2003). Findings in
this study thus cannot be generalized to creativity in other
areas. Future researchers are expected to explore whether
religions/denominations are associated with creativity in these
domains.

Second, this study has only explored the effects of limited
numbers of denominations/religions in creativity. There are
many denominations that are not included, such as Judaism.
Judaism may be more strongly contributive to innovations in
both science-related and art-related areas than other religious
traditions (Berry, 1999). However, in the WVS dataset that
comprises 340,297 responders, there are only 2,172 Judaists.
Judaists contribute to a proportion that is too small to be used as
an indicator of Judaism religious culture that may exert influence
of national creativity. Maybe individual level study is more
appropriate for investigating the Judaism-creativity association.

Third, this study was conducted at national level,
with no individual level data to validate the research
findings. We hope that this limitation can be overcome
by future research. In the investigation of the effects
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of religion on social outcomes, individual level findings may
collide with national level findings (Myers, 2012).

CONCLUSION

The present study found that the overall religiosity has a
negative relationship with national creativity, which is consistent
with previous research. However, different denominations
show dissimilar effects on creativity. Protestant and Catholic
are positively related with national creativity, while Islam is
negatively related with national creativity. This study also
finds that the religion—creativity relationship at national level
was moderated by GDPpc. Specifically, the influences of
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While some evidence has linked the way individuals define themselves in relation to
others (independent versus interdependent self-construal) to creativity, little is known
about the underlying mechanism in explaining why and how self-construal influences
creativity. Integrating approach-avoidance motivation theory and the dual pathway to
creativity model, this research focuses on the motivational and cognitive mechanisms
that transfer the effects of self-construal on creativity. Specifically, we expect that
independent self-construal is a driver of creativity because it facilitates individuals’
approach motivation, which in turn increases flexible information processing. To test the
three-stage mediation model, one experiment and one survey study were conducted.
In Study 1, in a sample of 231 Dutch students, self-construal was manipulated by
a story-writing task; approach-avoidance motivation, cognitive flexibility, and creativity
were measured. In Study 2, self-construal, approach (and avoidance) motivation,
cognitive flexibility, and creativity were all measured in a second sample of Dutch
students (N = 146). The results of two studies supported the three-stage mediation
model, showing that approach motivation and cognitive flexibility together mediated the
effects of self-construal on creativity. Limitations and implications for future research are
discussed.

Keywords: self-construal, creativity, approach motivation, avoidance motivation, cognitive flexibility, cognitive
persistence

INTRODUCTION

Since the intriguing publication of Markus and Kitayama (1991) on self-construal, research
concerning the implications of individuals™ self-construal on cognition, emotion, and motivation
has grown rapidly (see Cross et al., 2011). Self-construal refers to how individuals see themselves
in relation to others. Individuals differ in the extent to which they see themselves as autonomous,
distinct and unique (independent self-construal) versus as dependent and integral part of larger
social groups (interdependent self-construal; Markus and Kitayama, 1991; Kitayama et al., 1997;
Gardner et al., 1999).

One important consequence of self-construal is that individuals with different self-construals
vary in creativity, defined as generating novel and potentially useful ideas (Amabile, 1983).
Some studies have provided preliminary evidence showing that individuals high in independent
self-construal relative to those low in independent self-construal or high in interdependent self-
construal are more divergent and creative in their thinking (Ng, 2003; Goncalo and Staw, 20065
Wiekens and Stapel, 2008; Jin et al., 2016; Wang and Wang, 2016). However, little is known about
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the mechanisms underlying the linkage between self-construal
and creativity. As suggested by motivated information processing
theory that to be creative in generating ideas, individuals need to
have a desire to do so (Kunda, 1990; see also Caruso et al., 2006),
in the present research, we propose a motivational and cognitive
mechanism in explaining the influence of self-construal on
creativity by integrating approach-avoidance motivation theory
(Elliot and Thrash, 2002; Carver, 2006; Elliot, 2006) and the dual
pathway to creativity model (De Dreu et al., 2008; Nijstad et al.,
2010).

As a fundamental psychological concept, approach-avoidance
motivation has received considerable attention in the study of
human behavior (Elliot and Thrash, 2002; Carver, 2006; Elliot,
2006). Approach motivation is conceptualized as the invigoration
by or the direction of behaviors toward positive stimuli, whereas
avoidance motivation refers to the instigation by or the direction
of behaviors away from negative stimuli (Roskes et al., 2013).
We suggest that because individuals with high independent self-
construal have a tendency to distinguish themselves from others,
they are more likely to pursue and obtain positive outcomes that
may establish their uniqueness. In contrast, because individuals
with high interdependent self-construal emphasize fitting in and
harmony, they are motivated to avoid negative outcomes that
may disconfirm their relationship with others. Thus, independent
self-construal can be linked to approach motivation whereas
interdependent self-construal is related to avoidance motivation.

According to the dual pathway to creativity model (De Dreu
et al., 2008; Nijstad et al, 2010), creativity can be achieved
through either enhanced cognitive flexibility (the use of many
and broad cognitive categories or perspectives; Amabile, 1983) or
cognitive persistence (the generation of ideas in a few cognitive
categories or perspectives; Dietrich, 2004). Personal traits or
contextual variables may affect creativity either through the
flexibility pathway, the persistence pathway, or both (Nijstad
et al, 2010). Research has suggested and shown that when
approach motivation is activated, creativity can be achieved
through the flexibility pathway, while when avoidance motivation
is activated, creativity is achieved though systematic, persistent
processing, but only under certain conditions (see Nijstad et al.,
2010; Baas et al., 2013).

Integrating the above insights leads us to propose that
independent self-construal is linked to creativity because
it is associated with approach motivation, which further
promotes cognitive flexibility. Although there are indications
that interdependent self-construal is associated with avoidance
motivation, the link between avoidance motivation and cognitive
persistence is often weak or even negative and depends on
additional moderators (e.g., fulfillment of goals; Friedman and
Forster, 2002; Baas et al., 2011). Thus, we do not formulate
explicit hypothesis about the effects of interdependent self-
construal on creativity through avoidance motivation and
persistence. The conceptual model is shown in Figure 1.

To test the three-stage mediation model, two studies were
conducted. First, a laboratory experiment was conducted, in
which we manipulated self-construal using a story-writing task
and measured approach motivation, cognitive flexibility, and
creativity. The experiment enabled us to establish the causal effect

of self-construal on approach motivation, cognitive flexibility,
and creativity. Second, a survey study was conducted to replicate
the lab findings of Study 1 in a Dutch sample of students. With
the two complimentary studies, we are able to examine the role
of motivation and cognitive flexibility in explaining the effects of
self-construal on creativity.

THEORY AND CONCEPTUAL MODEL

Self-Construal and Creativity

Self-construal theory is built on the basic assumption that
individuals differ in the way they define and make meaning
of themselves in relation to others. Two distinguishable self-
construals were first suggested by Markus and Kitayama (1991).
Independent self-construal (InSC) refers to the conception of the
self as an autonomous, independent unity while interdependent
self-construal (InterSC) is defined as the extent to which an
individual sees the self as part of an encompassing social
relationship (Markus and Kitayama, 1991; Kitayama et al., 1997;
Gardner et al., 1999). Although the concept of self-construal was
initially used to explain cross-cultural differences in individuals’
representation of self, accumulated research has suggested that
individuals within each culture vary in chronic self-construal,
and are able to see themselves as more or less independent (or
interdependent) according to certain situational cues (Gardner
et al., 1999; Lee et al., 2000).

The link between self-construal and creativity has received
some preliminary support. At the individual level, based on a
sample of 158 white undergraduates from Australia and 186
Chinese undergraduates from Singapore, Ng’s (2003) study found
that independent self-construal had a positive relationship with
creative behavior as measured by the Torrance Test of Creative
Thinking (TTCT; Torrance, 1972), while interdependent self-
construal was negatively related to creativity. Besides, Wickens
and Stapel (2008) demonstrated that the activation of an
independent self-construal led to a higher motivation to be
independent/different and higher idea generation performance,
while the activation of an interdependent self-construal led to
a higher motivation to be accepted/to conform and lower idea
generation performance.

More recently, Bechtoldt et al. (2010) found that individuals
with a Korean background had the default tendency to focus on
appropriateness, whereas those with a Dutch background had the
default tendency to focus on originality. Given that Korean and
Dutch backgrounds are associated with high interdependent self-
construal and high independent self-construal, respectively, this
research provides indirect support for the relationship between
self-construal and creativity. Moreover, based on a sample of
junior school students in China, Wang and Wang (2016) found
that independent self-construal is more positively associated with
self-reported creativity than interdependent self-construal.

At the group level, Goncalo and Staw (2006) found that
groups holding individualistic values were more creative than
groups holding collectivistic values, especially when originality of
responses was emphasized. Although individualism-collectivism
is theoretically different from self-construal, research has argued
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FIGURE 1 | Linking self-construal to creativity: A three-stage mediation model.

that cultural contexts with different values typically promote the
development of one or the other self-construal more strongly
(Markus and Kitayama, 1991; Cross et al., 2011). Taken together,
these studies provide converging evidence that self-construal is an
important antecedent of creativity, and that independent (rather
than interdependent) self-construal is a diver of the production
of novel, original ideas.

Self-Construal, Approach-Avoidance

Motivation, and Creativity

Motivated information processing theory suggests that to be
creative in generating ideas, individuals need to have a desire
to do so (Kunda, 1990). We propose that self-construal can
influence creativity because it affects motivations that facilitate
creativity. Approach-avoidance motivation theory distinguishes
between motivation systems that focus on approach and
avoidance goals and goal pursuit strategies (Elliot and Thrash,
2002; Carver, 2006; Elliot, 2006). Approach and avoidance
motivation can be viewed either as stable personal differences, or
as situational variables that can be temporarily activated (Elliot,
2006; Gable and Harmon-Jones, 2008). Approach motivation
is conceptualized as the invigoration by or the direction
of behaviors toward positive stimuli or possibilities, whereas
avoidance motivation refers to the instigation by or the direction
of behaviors away from negative stimuli or threats (Roskes et al.,
2013).

Self-Construal and Approach-Avoidance Motivation
The differences in self-construal have consequences for
individuals’ goal pursuits. Individuals high in independent
self-construal primarily aim to enhance self-esteem and to be
distinct in a positive way. Individuals high in interdependent self-
construal generally attempt to defer, to be similar to others and
to maintain harmony in social settings (Markus and Kitayama,
1991). Because individuals with discrete self-construals pursue
different goals, we predict a relation between self-construal and
motivational orientation (approach vs. avoidance).

There are at least two reasons why self-construal is related
to approach-avoidance motivation. First, approach motivation
guides people’s attention and behavior toward pursuing positive
events such as achievement, success, and accomplishment (Elliot
and Thrash, 2002), which helps to satisfy individuals’ goal
to positively distinguish themselves from others. In contrast,
avoidance motivation focuses individuals’ attention and effort
on staying away from negative events such as failures, conflicts
and mistakes (Elliot and Thrash, 2002), which helps to satisfy
individuals’ goal to keep harmony and better fit in in social
relationships. Following this reasoning, we propose higher

independent self-construal is associated with higher approach
motivation, whereas higher interdependent self-construal is
linked to higher avoidance motivation. Empirical research has
provided some evidence for this argument. For instance, Lee et al.
(2000) have demonstrated that individuals high in independent
self-construal, primed with independent situations, or with
a Western cultural background emphasized approach-related
information (achieving success) and showed more affective
responses (happiness) associated with approach motivation.
In contrast, individuals high in interdependent self-construal,
primed with interdependent situations, or with an Eastern
cultural background emphasized avoidance-related information
(avoiding failure) and showed more affective responses (anxiety)
associated with avoidance motivation.

Second, some cross-cultural studies have provided insights
into the relationship between self-construal and approach-
avoidance motivation. For instance, Elliot et al. (2001) showed
that compared with non-Asian Americans, Asian Americans had
more avoidance goals and compared with respondents from
United States, those from South Korea adopted more avoidance
goals (Elliot et al., 2001). In a similar vein, Lockwood et al. (2005)
found that individuals with a collectivistic cultural background
were more likely to be motivated by negative role models
than individuals with an individualistic cultural background.
In contrast, positive role models were more motivating for
individuals from individualistic cultures rather than for those
from collectivistic cultures. Given that individualistic cultures
foster a dominant independent self-construal while collectivistic
cultures nurture a dominant interdependent self-construal
(Markus and Kitayama, 1991), we propose that independent self-
construal is linked to approach motivation and interdependent
self-construal is associated with avoidance motivation.

Approach-Avoidance Motivation and Creativity
Approach-avoidance motivation is associated with creativity
because different motivations affect cognitive processing.
According to cognitive tuning theory (Schwarz and Bless, 1991),
when approach motivation is activated, individuals tend to
evaluate the environment as benign. As a consequence, they
are more likely to take risks and adopt a relatively heuristic
processing style, which in turn enhances creativity. In contrast,
when avoidance motivation is activated, individuals tend to
judge the environment as problematic and they are more likely
to adopt a relatively risk-averse, systematic, and perseverant
processing style, which in turn undermines creativity.

A number of studies have supported the link between
approach-avoidance motivation and creativity. For instance,
Friedman and Forster (2002) demonstrated that bodily cues like
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arm flexor (associated with approach motivation) relative to
arm extensor contraction (associated with avoidance motivation)
led to a “riskier; more heuristic processing style, which in
turn boosted creativity in both a problem solving task and
idea generation task. Relatedly, Friedman and Forster (2001)
showed that cues associated with motivation of pursing idealized
goals relative to cues associated with preventing negative
outcomes resulted in higher creativity, because the motivation
for achieving idealized goals triggered a riskier, explorative
processing style than the motivation for preventing negative
outcomes. This pattern also held when motivations were
measured with individual differences. A more recent study by
Roskes et al. (2012) showed that approach motivation generally
led to higher creativity compared with avoidance motivation.
Avoidance motivated individuals were as creative as approach
motivated individuals only when participants were provided
with extra motivations that could compensate their effortful
processing style (Roskes et al, 2012). In general, we expect
that approach motivation has a positive effect on creativity
while avoidance motivation might have a negative effect on
creativity.

Approach-Avoidance Motivation, Cognitive Flexibility,
and Creativity

The dual pathway to creativity model (De Dreu et al., 2008;
Nijstad et al., 2010) suggests that creativity can be achieved
through either enhanced cognitive flexibility (the use of many
broad cognitive categories or perspectives: Amabile, 1983) or
cognitive persistence (the generation of ideas in a few cognitive
categories or perspectives: Dietrich, 2004) and that personal traits
or contextual variables may affect creativity either through the
flexibility pathway, the persistence pathway, or both. Approach-
avoidance motivation has been shown to influence creativity
through affecting the pathway individuals adopt. For instance,
De Dreu et al. (2011) found that when situations facilitated
global, flexible processing, approach motivation potentiated
creativity. However, when situations facilitated local, bottom-
to-up processing, approach motivation led to lower creativity.
This research demonstrated that flexible processing plays an
important role in the relationship between approach motivation
and creativity. What is more, it has been argued and shown
that approach motivation generally boosts creativity because it
associates with enhanced activation and cognitive flexibility (Baas
etal., 2011).

Research evidence is less consistent about the relationship
between avoidance motivation and creativity. Some findings
suggested that avoidance motivation promotes creativity and
other findings showed no or even negative effects (Friedman
and Forster, 2001, Friedman and Forster, 2002; De Dreu et al.,
2008). Although avoidance motivation has the potential to boost
creativity through persistent processing, research has suggested
that avoidance motivation leads to enhanced persistence only
when the goals or moods associated with avoidance motivation
are activated (Baas et al., 2011) or extra motivation is provided
(Roskes et al., 2012). Furthermore, a meta-analysis revealed that
creativity is facilitated most by positive activating mood states
that are associated with approach motivation (e.g., happiness),

rather than moods associated with avoidance motivation (e.g.,
relaxed, anxious; Baas et al., 2008).

Based on the above arguments and evidence, we expect that
approach motivation boosts creativity because it associates with
enhanced cognitive flexibility. Given the inconsistent evidence
about the link between avoidance motivation, persistence and
creativity, we do not have clear expectations about their
relationships.

Self-Construal, Approach-Avoidance
Motivation, Cognitive Flexibility, and
Creativity

We thus propose that approach motivation plays an important
role in transferring the effects of independent self-construal on
creativity because it increases cognitive flexibility. Specifically,
we propose that individuals high in independent self-construal
are more creative as they generally hold higher approach
motivation, and this motivation facilitates creativity through
enhanced cognitive flexibility, compared with individuals
low in independent self-construal. Although we expect that
interdependent self-construal is associated with avoidance
motivation, according to past research, the relationship between
avoidance motivation, persistence, and creativity is difficult to
predict without specifying contextual conditions. We thus do
not formulate specific hypothesis about the interdependent
self-construal-avoidance motivation-persistence-creativity link.
Our hypothesis is the following:

Hypothesis 1. Independent self-construal impacts creativity
through approach motivation and cognitive flexibility.

STUDY 1
Method

Study 1 was designed to examine whether independent self-
construal has a causal effect on creativity through approach
motivation and cognitive flexibility. We expected that priming
independent self-construal (relative to interdependent self-
construal) will temporarily increase individuals’ state approach
motivation, which in turn promotes creative performance
through enhanced cognitive flexibility. To achieve this goal,
we manipulated self-construal using a story-writing task, and
measured cognitive flexibility and creative performance with an
idea generation task. State approach (and avoidance) motivation
were measured with a five-item scale.

Sample and Participants

A total of 266 Dutch students (age M = 20.65, SD = 2.67; 94
women, 168 men, and 4 missing) participated the study for 4
euros or course credits. We randomly assigned all participants
to either an interdependent self-construal or independent self-
construal condition. In both conditions, participants completed
some scales and performed an idea generation task. The study
immediately followed another (unrelated) study, and the total
session lasted for about 1 h and 15 min.
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Manipulation and Procedure

Upon arrival in the laboratory, each participant was seated in
front of a computer with keyboard. All instructions and measures
were given on the computer. Participants were told that the
session consisted of several separate parts. Firstly, all participants
were asked to finish some personality questionnaires. After that,
participants were instructed to perform a story-writing task for
5 min. This was the manipulation of self-construal, which was
adopted from Trafimow et al. (1991). In the independent self-
construal condition, participants were instructed to think about
and write down what makes them different from their family
and friends and what they expect themselves to do. In the
interdependent self-construal condition, participants were asked
to think about and write down what they have in common
with their family and friends and what their family and friends
expect them to do. Following that, the idea generation task
was administered. Participants were instructed to think about
and write down as many different and creative uses of a
newspaper as possible for 6 min, and the ideas generated had
to be neither typical nor virtually impossible. After that, we
measured participants’ state approach and avoidance motivation.
Subsequently, we collected demographical information, thanked
and debriefed all participants.

Measures: State Approach/Avoidance Motivation

We measured state motivation using five items on a seven-point
Likert scale (1 = not at all, 7 = very much). Items of state approach
motivation were “In the problem solving task, I enthusiastically
embraced all opportunities to generate solutions” and “In the
problem solving task, I was eager to use all possible ways to
find solutions or ideas” (r = 0.68, M = 4.49, SD = 1.26). Sample
items of state avoidance motivation included “In the problem
solving task, I was concerned with making mistakes” and “In
the problem solving task, I was cautious about going down the
wrong way~ (Cronbach’s o = 0.75, M = 3.10, SD = 1.24). As
previous research has shown that avoidance motivation can affect
creative performance (e.g., Roskes et al,, 2012), we controlled
state avoidance motivation in our analysis.

Cognitive Flexibility and Creativity

The responses in the newspaper idea generation task were coded
for fluency, flexibility, and originality. Fluency is the number of
non-redundant ideas generated by each participant. Flexibility

refers to the number of categories that the ideas can be grouped
in. Two independent raters coded a subset of responses (30 ideas)
for flexibility. The inter-rater agreement (Cohen’s Kappa) was
0.86. Given the good inter-rater agreement, one rater continued
to code all ideas. Originality was operationalized as the statistical
rarity of a given response in a particular sample of subjects,
which serves as the indicator of creativity in the present study.
Specifically, following Baas et al. (2011), for each idea an
originality score was computed: 1-(percentage participants who
generated the same idea/100). The scale thus ranged from 0
(low originality) to 1 (high originality). For each participant, the
final originality score was the average originality score across all
non-redundant ideas.

Results

Data Screening

Two participants did not complete the experiment, thus having
missing values on key variables, and three participants wrote
down ideas that were not understandable. We excluded these five
participants, resulting in 261 participants in our sample.

Manipulation Check

We carefully checked the content of participants’ stories to
see whether the manipulation was successful. This examination
showed that there were 30 participants who did not follow
the manipulation instruction correctly. They either wrote down
similarities when instructed to write down differences or wrote
down differences when instructed to write down similarities. We
excluded these 30 participants, resulting in 231 participants in the
final sample.

Descriptive Statistics

As we can see from Table 1, state approach motivation was
significantly higher in the independent self-construal condition
(M = 4.68) than in the interdependent self-construal condition
(M = 4.30), #(229) = —2.36, p < 0.05. However, we did not
find direct effects of the manipulation of self-construal on other
variables (except a marginal significant effect on fluency). The
correlation matrix showed that self-construal was significantly
correlated with state approach motivation, and state approach
motivation was significantly and positively correlated with
fluency, flexibility, and originality. State avoidance motivation
was significantly and negatively correlated with flexibility and

TABLE 1 | Study 1 descriptive statistics and correlations.

Interdependent Independent t-Test Correlations
self-construal self-construal
M(SD) M(SD) t(df) P 2 3 4 5 6

(1) Self-construal® 0.15* 0.10 -0.07 -0.11 —0.03
(2) Approach motivation 4.30(1.20) 4.69(1.29) —2.36(229) p < 0.05 —0.00 0.18**  0.19**  0.18**
(3) Avoidance motivation 2.98(1.24) 3.24(1.23) —1.58(229) ns —0.25% —0.20% —0.12f
(4) Flexibility 5.91(2.27) 5.57(2.46) 1.11(229) ns 0.86**  0.63*
(5) Fluency 8.59(3.90) 7.68(4.20) 1.58(229) p <0.10 0.59**
(6) Originality 0.63(0.09) 0.62(0.12) 0.51(229) ns

N = 231. @interdependent self-construal = 0, Independent self-construal = 1. Tp < 0.10; *p < 0.05; **p < 0.01.
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TABLE 2 | Study 1 regression results of the three-stage mediation model.

Predictors Dependent variables

Approach motivation Flexibility Originality
Constant —0.16 0.08 0.63
Avoidance motivation -0.02 —0.24** 0.00
Self-construal? 0.31* -0.15 —0.00
Approach motivation 0.19** 0.01
Flexibility 0.08**
R? 0.02f 0.10%* 0.40%*

Effect BootSE BootLLCI BootULCI
Indirect relation? 0.004 0.003 0.001 0.01

N = 231. @0 = interdependent self-construal, 1 = independent self-construal.
bindirect relation = Self-construal-State approach motivation-Cognitive flexibility-
Originality. Tp < 0.10; *p < 0.05; **p < 0.01.

fluency but not originality. Fluency, flexibility, and originality
were significantly correlated (r > 0.50).

Self-Construal, State Approach Motivation, Cognitive
Flexibility, and Originality

To test the three-stage mediation model, we used Model 6
of the PROCESS procedure described by Hayes (2013), which
allowed us to test the indirect effect of self-construal on
creativity through state approach motivation and cognitive
flexibility while controlling for avoidance motivation. We
generated 95% bootstrap bias-corrected confidence intervals for
the indirect effect on the basis of 5000 bootstrap samples.
The indirect effect is significant when the confidence intervals
does not include zero. The results are shown in Table 2.
The results demonstrated that the indirect effect of self-
construal on originality through state approach motivation and
cognitive flexibility was significant (f = 0.004, BootSE = 0.003,
BootLLCI = 0.001, and BootULCI = 0.01). The three-stage
mediation model was thus confirmed.

In sum, the results of Study 1 showed that there is a causal
relationship between independent self-construal and creativity
through state approach motivation and cognitive flexibility while
controlling for avoidance motivation, which further confirmed
the importance of self-construal in extending the dual pathway
to creativity model. However, direct effects of our self-construal
manipulation on creativity measures were not observed.

STUDY 2

In Study 1, we found some preliminary evidence to support our
conceptual model by priming self-construal in the lab. In the
second study, we aimed to replicate the lab findings of Study 1 in
a different setting where we measured self-construal as a chronic
individual difference.

Method

Participants

146 Dutch students (80 men and 66 women) were recruited to
participate in this study. Their average age was 21.14. Results did

not change when we included gender and age in the analysis,
and we excluded these control variables in the report of the
results. We invited the participants to the research lab to finish
our survey programmed on a computer. The survey consisted of
three parts. In the first part, each participant responded to various
psychological scales. Following that, they were asked to perform
an idea generation task to measure their cognitive flexibility
and creativity. Finally, they answered several demographical
questions.

Measures: Self-Construal

The self-construal scale (SCS; Singelis, 1994) involved a 12-
item independent self-construal and a 12-item interdependent
self-construal subscale. Sample items of the independent self-
construal subscale were “I prefer to be direct and forthright
when dealing with people I've just met” and “I enjoy being
unique and different from others in many respects.” Sample items
of the interdependent self-construal subscale included “I have
respect for the authority figures with whom I interact” and “It
is important for me to maintain harmony within my group.”
Participants were instructed to rate the degree to which they
agree or disagree with the statements on a seven-point scale,
ranging from 1 (strongly disagree) to 7 (strongly agree). The
Cronbach’s alpha was 0.68 for independent self-construal and
0.62 for interdependent self-construal.

Behavioral Inhibition System/Behavioral Activation
System

The Behavioral Inhibition System/Behavioral Activation System
(BIS/BAS) scale (Carver and White, 1994), including a 7-item
BIS and a 13-item BAS subscale, was used to measure approach-
avoidance motivation. Participants were asked to indicate the
extent to which the statements reflect themselves on a seven-
point scale, ranging from 1 (not true at all of me) to 7 (very much
true of me). Sample items of the BAS subscale included “I go out
of my way to get things I want” and “I crave excitement and new
sensations.” The Cronbach’s alpha was 0.78 for BAS. Sample items
of the BIS subscale included “I worry about making mistakes” and
“I have very few fears compared to my friends” (reverse scored).
The Cronbach’s alpha was 0.81 for BIS.

Cognitive Flexibility and Creativity

The measure of creativity was the Tin Can idea generation task
(Baasetal., 2011). In this task, participants were asked to generate
as many different creative ways to use a tin can as possible and the
ideas generated had to be neither typical nor virtually impossible.
The responses were coded for fluency, flexibility and originality.
The operationalization of fluency and flexibility was the same
as Study 1. Two independent raters coded a subset of responses
(30 ideas) for flexibility. The inter-rater agreement (Cohen’s
Kappa) was 0.96. Given the good inter-rater agreement, one rater
subsequently coded all ideas. Originality was operationalized with
the same way as Study 1.

Control Variables
Because interdependent self-construal and avoidance motivation
have been suggested to affect individual creative performance
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(e.g., Friedman and Forster, 2001; Baas et al., 2011), we included
them as covariates when testing the multiple-stage mediation
model.

Results
Descriptive statistics, correlations, and scale reliabilities are
presented in Table 3.

Confirmatory Factorial Analysis (CFA)

We performed confirmatory factorial analysis (CFA) (Lavaan
0.5-23 R package) to examine the discriminant validity of
self-construal and BIS/BAS motivation (see Table 4). We
compared fit statistics of five alternative models to the baseline
model by means of y2-differences, root-mean-square error
of approximation (RMSEA), the comparative fit index (CFI),
the Tucher-Lewis index (TLI), and the standardized root-
mean-square residual (SRMR). To enhance model parsimony,
following Ng (2003), we randomly packaged measurement
items to a small number of groups. Specifically, we randomly
assigned the 12 items to 3 parcels for independent self-construal
and interdependent self-construal, respectively. Similarly, we
randomly packaged the 13 items to form 3 indicators for
BAS and the 7 items to form 3 indicators for BIS. Item

parceling has been suggested to enhance model parsimony
by reducing the number of indicators and better meet the
assumption of maximum likelihood estimation procedure
used in the structural equation modeling (Finch and West,
1997).

Results from CFA analysis showed that the hypothesized
baseline model (independent self-construal, interdependent self-
construal, BIS and BAS) fitted the data well [¥?(48) = 69.03,
p < 0.05; CFI = 0.95, TLI = 0.94, RMSEA = 0.06, RSMR = 0.06].
The four-factor model was significantly better than the one
factor model where all indicators loaded on a single factor
[Ax2(6) = 243.37, p < 0.001], and showed a better fit than all
other alternative models. This confirms the discriminant validity
of the four constructs.

Common Method Bias

Because both self-construal and BIS/BAS motivation were
measured using self-reports on a Likert scale, we examined
the degree to which common method bias was present in the
current study with common latent factor analysis (e.g., Williams
et al., 1989; Podsakoff et al., 2003). Compared with the single-
factor test (Harman, 1960), the common latent factor approach
allows for the consideration of measurement error and does not

TABLE 3 | Study 2 descriptive statistics and correlations.

Variables M SD 1 2 3 4 5 6 7 8 9
(1) Age 21.13 2.21

(2) Gender 0.54 0.50 -0.15

(3) Fluency 8.66 3.92 0.23* ~0.10

(4) Flexibility 5.77 2.63 0.18* —0.11 0.90%

(5) Originality 0.62 0.12 0.09 0.02 0.66% 0.67*

(6) INSC 4.76 0.69 0.10 0.20* 0.23* 0.25% 0.27* 0.68

(7) InterSC 4.45 0.60 —0.30** —0.11 -0.10 -0.10 —0.14 -0.13 0.62

(8) BAS 5.20 0.61 0.02 —0.02 0.26% 0.27% 0.20* 0.43% 0.08 0.81

(9) BIS 4.63 0.99 0.03 —0.25* 0.08 0.06 0.12 —0.26" 0.16* 0.00 0.78

N = 146. InSC = independent self-construal; InterSC = interdependent self-construal. Gender: O = women; 1 = men. In the correlation matrix, numbers at the diagonal
are Cronbach’s a values for measurement scales used in the current study. *p < 0.05; **p < 0.01.

TABLE 4 | Study 2 confirmatory factor analysis.

Factor structure X2 df RMSEA CFI TLI SRMR Ax3(Adf)
Baseline model: four factors 69.03 48 0.06 0.95 0.94 0.06

Model1: one factor 312.40 54 0.18 0.43 0.30 0.15 243.37(6)***
Model2: two factors 167.28 53 0.12 0.75 0.69 0.11 98.26(5)***
Model3: two factors 266.61 53 0.17 0.53 0.41 0.16 197.58(5)***
Model4: three factors 100.92 51 0.08 0.90 0.86 0.08 31.89(3)***
Model5: three factors 137.58 51 0.11 0.81 0.75 0.10 68.55(3)***
Model6: three factors 225.04 51 0.15 0.62 0.50 0.15 156.02(3)***
Model7: three factors 102.57 51 0.08 0.89 0.85 0.09 33.54(3)***
Model8: common latent factor 61.40 44 0.05 0.96 0.94 0.06 7.63(4)

N = 146. AX2 and Adf refer to the differences with the baseline model. Model 1: All variables on one factor; Model 2: Independent self-construal and BAS on one
factor while interdependent self-construal and BIS on another factor; Model 3: Independent and interdependent self-construal on one factor while BIS and BAS on
another factor; Model 4: Interdependent self-construal and BIS on one factor; Model 5: Independent self-construal and BAS on one factor; Model6: BIS and BAS on one
factor; Model7: Interdependent and independent self-construal on one factor. Model8: Adding a latent factor with all of the items as indicators to the baseline model.

“p < 0.001.
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require the researcher to identify the specific factor responsible
for common method effects. This analysis was conducted by
adding a latent factor with all of the items as indicators to our
four-factor model (see Table 4). The paths from the indicators to
the common factor were constrained to be equal and the variance
of the common factor was constrained to be 1 to make sure the
model can be identified (Eichhorn, 2014). The results showed
that adding a common method factor did not improve the mode
fit significantly [Ax?(2) = 7.63, p > 0.10], which suggests that
common method bias is not a serious concern in the current
study.

The Three-Stage Mediation Model

We predicted that independent self-construal has an indirect
effect on creativity through approach motivation and cognitive
flexibility. The three-stage mediation model was tested using
Model 6 of the PROCESS tool described by Hayes (2013). As
shown in Table 5, after controlling for interdependent self-
construal and avoidance motivation, independent self-construal
had a significant indirect effect of on creativity through
BAS and cognitive flexibility (8 = 0.007, BootSE = 0.003,
BootLLCI = 0.002, and BootULCI = 0.016), replicating Study 1.
The results confirmed that independent self-construal affected
creativity through enhanced approach motivation and cognitive
flexibility

GENERAL DISCUSSION

Earlier research has highlighted the role of self-construal as
an important source of creativity, but the existing literature
is fragmented in terms of how and why self-construal is
linked to creativity. Our research proposed that approach-
avoidance motivation may serve as a motivational mechanism
in explaining the effects of self-construal on creativity. Drawing
on the dual pathway to creativity model, we further proposed
that self-construal affects creativity because it enhances
individuals’ approach motivation, which in turn facilitates
flexible information processing in ideation.

TABLE 5 | Study 2 regression results of the three-stage mediation model.

Predictors Dependent variables

BAS Flexibility Originality
Constant -0.13 0.01 0.61**
InterSC 0.11 —-0.14 —0.01
BIS 0.09 0.15 0.01t
InSC 0.46** 0.18" 0.02f
BAS 0.23* —0.00
Flexibility 0.07**
R? 0.19* 0.11** 0.46**
Indirect relation Indirect effect BootSE BootLLCI BootULCI

0.007 0.003 0.002 0.016

N = 146. InSC = independent self-construal; InterSC = interdependent self-
construal. Indirect Relation, Independent self-construal-BAS-Cognitive flexibility-
Originality. Tp < 0.10; *p < 0.05; **p < 0.01.

Our conceptual model was supported in two complementary
studies. In Study 1, we found that individuals primed with
independent self-construal, relative to those primed with
interdependent self-construal, were higher in state approach
motivation, and state approach motivation was significantly
and positively linked to cognitive flexibility and originality. The
mediation analysis showed a significant three-stage indirect
effect after controlling for avoidance motivation. In other
words, findings of Study 1 supported our hypothesis that
self-construal influences creativity through state approach
motivation and cognitive flexibility. However, although we found
that priming self-construal temporarily enhanced individuals
approach motivation, we did not find a significant direct
effect of self-construal on creativity. One possible reason is
that the manipulation was not strong enough to produce a
direct effect, because self-construal and creativity are more
distally related than self-construal and motivation. In Study
2, we conducted a survey among a Dutch student sample.
We found that after controlling for avoidance motivation
and interdependent self-construal, approach motivation,
and cognitive flexibility together mediated the effects of
independent self-construal on creativity, replicating the findings
of Study 1.

Theoretical Implications

The present research takes a step toward uncovering the
mechanism underlying the link between self-construal and
creativity. Previous studies have begun to identify that
independent self-construal is linked to motivation to be
independent/different whereas interdependent self-construal
induces motivation to be accepted/to conform (Wiekens
and Stapel, 2008). However, little research has addressed the
possibility that the motivation resulting from self-construal can
mediate the effects of self-construal on creativity. Besides, despite
that some studies have found a positive link between approach
motivation and creativity because of flexibility (e.g., Roskes
et al., 2012), little attention has been paid to reveal the sources
of approach motivation. Our three-stage mediation model
integrated previous fragmented literatures by demonstrating
that approach motivation and cognitive flexibility sequentially
mediate the relationship between independent self-construal and
creativity.

Second, the mediators being tested in the present research
have strong implications for uncovering future moderators
of the relationship between self-construal and creativity. The
present study shows that self-construal influences creativity
because of approach motivation and cognitive flexibility.
Therefore, we can expect that under some circumstances, the
positive relationship between independent self-construal and
creativity may not hold because the conditions do not afford
approach motivation and/or flexible information processing.
For example, past research suggested that approach motivation
has a positive link with creativity only if the situation affords
flexible and global processing (De Dreu et al, 2011). In a
similar vein, we may expect that independent self-construal
leads to creativity only if the situation makes approach
motivation and/or cognitive flexibility feasible. This study thus
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encourages future research to investigate contextual factors which
moderate the relationship between independent self-construal
and creativity.

In addition, this research examined the indirect effect of
independent self-construal on creativity with mixed methods.
Some past research has either used surveys or laboratory
experiments. Our two complementary studies provide consistent
support for the three-stage mediation model, which increases
confidence about the indirect effect of independent self-construal
on creativity. Specifically, we contributed knowledge that both
situationally primed self-construal and chronic self-construal
are associated with creative performance through approach
motivation and cognitive flexibility.

Practical Implications

The central implication for management practices from this study
is the challenge to realize the potential of independent self-
construal for creative production. This research provides insights
into manageable interventions that can be used to promote
individual creativity. For instance, because self-construal is
often stable and difficult to change, for employees low in
independent self-construal, it might be more effective for
managers to provide and emphasize rewards, achievements
and train the employees with approach orientated strategies
(e.g., the use of intuition) to achieve creativity than to change
employee’s self-definition. In addition, creating conditions that
facilitate cognitive flexibility is critical to increase employees’
creativity. For instance, research has shown that individuals with
activated positive mood (e.g., happy) are more creative than
those with deactivated positive mood (e.g., relaxed) because
of differences in cognitive flexibility (De Dreu et al, 2008).
Therefore, creating a work environment that helps employees be
happy is beneficial for cognitive flexibility, which in turn boosts
creativity.

Limitations and Avenues for Future
Research

The contributions of the current study should be seen in light
of several limitations. First, we only adopted one cognitive
manipulation of self-construal. We are not certain whether
the effects we observed in our experiment can be generalized
to different manipulations such as the word search task
(Brewer and Gardner, 1996), Sumerian warrior task (Trafimow
et al, 1991) and a different version of story-writing task
(Utz, 2004). Second, we used a single measure of creativity
in the present research. Although idea generation tasks are
widely used to assess creativity, the effect we observed
for the idea generation task (divergent thinking task) may
not hold for other convergent thinking tasks. For example,
Shen et al. (2018) have found that although risk-taking
orientation is not significantly related to divergent thinking
performance, it has a significant, negative association with
convergent thinking performance. Future research is thus
encouraged to employ the Remote Associates Test (RAT:
Mednick and Mednick, 1967) or other convergent thinking
tasks to investigate the effects of self-construal on creativity.

Third, our model was tested only in Dutch samples. Future
research can address this limitation by testing our model in other
cultures.

Also, in the current study we chose to only focus on the
link between independent self-construal and originality of ideas.
However, we believe that it is equally important to study
how interdependent self-construal influences appropriateness
or usefulness of ideas. Some evidence has suggested that
individuals with different self-construals tend to have different
biases toward creativity (e.g., Bechtoldt et al., 2010). Specifically,
it seems that people with independent self-construal are
motivated to stand out and be original in idea generation,
while people with interdependent self-construal are motivated
to be similar and generate mainly appropriate and useful
ideas. Future study could directly examine this possibility
by measuring both originality and appropriateness of ideas.
Moreover, if people with different self-construals tend to focus
on either originality or appropriateness of creativity, one
intriguing question is how individuals can be ambidextrous
in creativity by achieving appropriateness and originality
simultaneously given that both aspects are important for
creativity. Indeed, a few studies have started to investigate the
conditions that can foster both appropriateness and originality
simultaneously and have shown it is possible for individuals
to be ambidextrous in creativity (e.g., Miron-Spektor and
Beenen, 2015). In addition, Zhang et al. (2015) have shown that
leaders can demonstrate paradoxical behaviors, creating a work
environment that fosters employees’ productivity and adaptivity
simultaneously. In sum, the current study takes the first step
to examine individuals’ bias toward creativity because of their
self-construal, and future studies may investigate the question
how and why such a bias can be managed to achieve high
creativity.

Finally, our second study used a self-report method to measure
both independent self-construal and approach motivation.
Although the common latent factor analysis showed that the
common method bias is unlikely to threaten the validity of our
results, future study is encouraged to reduce common method
bias by, for example, measuring the two constructs with different
methods or from different sources.

CONCLUSION

Scholars tend to argue that for individuals to be creative, they
need to have the motivation to do so (Kunda, 1990). Although
research has demonstrated that self-construal is a predictor
of creativity, the mechanism underlying the self-construal and
creativity link is unclear. The present study provides empirical
evidence for the motivational mechanism, in that it showed that
approach motivation plays a role in explaining the influences
of independent self-construal on creativity. More importantly,
this research showed that approach motivation mediates the
self-construal-creativity link because it gives rise to cognitive
flexibility. The motivational and cognitive mechanism clearly
explains how and why independent self-construal impacts
creativity.
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Creativity is related to both cognition and emotion, which are the two major mental
processes, interacting with each other to form psychological processes. Emotion is
the major driving force of almost all creativities, sometimes in an unconscious way.
Even though there are many studies concerning the relationship between creativity and
cognition, there are few studies about the neural mechanisms of the emotional effects
on creativity. Here, we introduce a novel model to explain the relationship between
emotions and creativities: Three Primary Color model, which proposes that there are
four major basic emotions; these basic emotions are subsided by three monoamines,
just like the three primary colors: dopamine-joy, norepinephrine-stress (fear and anger),
and serotonin-punishment. Interestingly, these three neuromodulators play similar roles
in creativity, whose core features are value and novelty (surprise), like the characteristics
of the core features of basic emotions (hedonic value and arousal value). Dysfunctions
of these neuromodulators may be the reasons for both psychopathology and creativity,
in that they can change the thinking styles such as novelty seeking behavior, hyper-
connectivity of brain areas, and/or cognitive disinhibition to induce both creativity
and psychopathology. This new model will not only help researchers understand the
dynamics of basic emotion elements, it can also bring an entirely new perspective into
the relationship between psychopathology and creativity.

Keywords: creativity, cognition, basic emotions, monoamine, core affect

INTRODUCTION

Creativity is regarded as a multidimensional entity, which is related to both cognition and emotion:
the two major mental processes, which interact with each other to form psychological phenomena
(Sahin et al., 2016; He et al., 2018). The relationship between creativity and cognition (or intelli-
gence) has been of great interest to researchers since the late 1900s, and the major theoretical and
practical findings are that creativity and intelligence are overlapping constructs; intelligence is a
necessity but not a sufficient condition for creativity. In addition, some psychologists found that the
correlation between creativity and intelligence is very low; some researchers believe that extremely
high intelligence negatively affects creativity. Therefore, emotion may play an even more important
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role in the process. The pervasive idea that creativity is
intricately linked to emotion is due to the fact that individ-
uals with affective disorders often exhibit extraordinary levels
of creativity in various spheres of life (Holm-Hadulla, 2013;
Leung et al., 2014; MacCabe et al., 2018), especially in some
famous artists, for example Goethe, the poet (Holm-Hadulla
et al, 2010; Holm-Hadulla, 2013). The reason may be that
emotion is the major driving force for almost all creativities
(Damasio and Carvalho, 2013). According to insights from
Freud and Weber, it was found that people could produce
more creative artwork such as sculptures or poems when they
were forced to suppress their anger, possibly due to sublima-
tion (Kim et al., 2013). Emotion can also affect creativity
through obsessive thinking, which is often associated with
childhood adversity (Arnsten, 2007; Thomson and Jaque, 2018).
Although people with early exposure to childhood adversity
experience greater negative effects, they are also endorsed
with positive creative performance experiences (Thomson and
Jaque, 2018). Creativity, in turn, may be used to modulate
negative emotions. Results showed that flexibility, creativity, risk-
taking, and complexity are negatively correlated with anxiety
and that insight reappraisal can induce insight experience,
enhance cognitive changes, and reduce negative emotional
responses (Chiu et al.,, 2018). It is not surprising that creativ-
ity plays an important role in reappraisal, which is a well-
recognized and widely adopted emotional regulation strategy
(Wu et al.,, 2017). However, even though creativity is thought
to be closely related to emotion, there are few studies about its
dependence on emotion because of the complexity of emotional
studies.

Emotion may be involved in the process of creativity through
other “names,” such as unconscious thought (Friis-Olivarius
et al., 2017), motivation (Oriol et al., 2016), or personality
(Feist, 1998; Chiu et al., 2018). For example, Wallas (1926)
studied the cognitive process of creativity (Wiggins et al,
2015) and identified four parts in sequence: (1) prepara-
tion, in which the creative goal is identified and considered;
(2) incubation, during which conscious attempts at creativ-
ity are not made; (3) illumination, the moment of enlighten-
ment when an idea appears in conscious awareness, sometimes
called the “Aha!” moment; and (4) verification, in which
the new idea is applied (Wiggins et al., 2015). Ward (2003)
described incubation as a time when unconscious behavior
takes over, which allows for unique connections to be made
without consciously trying to make logical order out of the
problem. Furthermore, Helie and Sun (2010) proposed a unified
framework of explicit-implicit interaction theory for understand-
ing creativity. This theory analyzed five basic principles between
explicit thinking and implicit thinking and concluded that
creativity encompasses both conscious and unconscious incuba-
tion and insight. Emotion can affect creativity through personal-
ity too. For example, some researchers took the social-personality
approach to measure creativity, like self-confidence, aesthetic
orientation, risk-taking, or independent thinking. The most
important parts of personality associated to creativity are related
to emotion, such as openness, self-acceptance, hostility, and
impulsivity.

In reality, emotion is never absent in all the four processes,
but how emotion is involved is still a complicated issue. One of
the reasons is explained by what Damasio said, emotion is one of
the least-studied biological phenomena (Damasio and Carvalho,
2013). Wallas considered creativity to be a legacy of the evolution-
ary process, which allowed humans to rapidly adapt to rapidly
changing environment. Simonton (1999) provided an updated
perspective on this view in his book, Origins of genius: Darwinian
perspectives on creativity. Similarly, basic emotions are geneti-
cally hardwired and highly conserved throughout evolution, and
these emotions exhibit certain functional and adaptive proper-
ties that are shared across a wide phylogenetic range. Here,
we explore the relationship between emotions and creativity
by studying basic emotions. According to our previous studies,
there are four basic emotions: joy, sadness, fear, and anger
(Gu et al,, 2016). These four basic emotions are the primary
emotions, which we coined as the Three Primary Color model.
In this model, we put the three monoamine neuromodulators in
a plane: dopamine-joy, norepinephrine-surprise, and serotonin-
dislike. This model is very simple, and it can be used as a tool
to investigate the dynamics of basic emotions, the etiology of
affective disorders such as depression, and their relations with
creativity.

THE BASIC EMOTIONS

The main reason for the lack of studies about emotion in
creativities may be that emotion is a rather complicated
subject. To make complicated things simple, the easiest way
to study emotion is possibly by studying the basic emotions.
The central idea of basic emotion theory is that human
nature constitutes a group of qualitatively distinct emotions
(Russell, 2006). Basic emotions are thought be innate and
universal and have evolved through their adaptive value with
fundamental life tasks (Ekman, 1992); similarly, most creative
art forms can find their evolutionary origins (Wiggins et al.,
2015). Ekman (1992) proposed that basic emotions have a
number of characteristics, which distinguish one emotion
from another, such as universal signals, distinctive physiol-
ogy, and automatic appraisal influenced by both ontogenetic
and phylogenetic past. A summary of the studies about basic
emotions were shown in a paper by Clore and Ortony (2013),
which shows that most studies recognize six classic basic
elements of emotion: happy, surprise, afraid, disgust, angry,
and sad. Interestingly, a recent paper studied people’s facial
expressions, and the research found that disgust and anger
shared a wrinkled nose and fear and surprise share raised
eyebrows (Jack et al, 2014). Therefore, it is concluded that
we humans have four basic elements of emotion: happy,
sad, fear/surprise, and angry/disgust, and these four emotions
are the basic building blocks from which we develop our
modern, complex, and emotional stews (Jack et al, 2014).
Consistently, several other papers also proposed four basic
elements for emotion: fear, anger, happiness, and sadness (Gu
et al, 2015, 2016; Wang and Pereira, 2016; Zheng et al,
2016).
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CORE AFFECTS

The best way of studying basic emotions is to place them in
dimensions. Russell and Barrett referred to several theoretical
emotional studies and concluded that all basic emotions can be
arranged in a circumplex (Weierich et al., 2010). The circum-
plex is defined as a circular arrangement of basic emotions
around two independent, bipolar dimensions: hedonic (pleasure—
displeasure) value and arousal (rest-activated) value. These
two dimensional features are taken to be essential features of
all emotions (Gu et al, 2016) and can be named as “core
affects” (Russell, 2003; Salzman and Fusi, 2010). The horizon-
tal dimension of the circumplex is the core affect hedonic
value and the vertical dimension is arousal value (Figure 1;
Posner et al., 2005). The different location of each emotion
means that different emotions have different “amounts” of
hedonic (including pleasure-displeasure) value and arousal (rest-
activated) value, which are characteristic parameters to define
basic emotions.

Many different names have been given to the horizontal
dimension, such as liking, valence, hedonic tone, and many other
identical items, since Wundt first introduced the dimension (Gu
etal., 2015). The arousal dimension has been given to the vertical
dimension, for it is related to the arousal states of the body. It
depends on whether something happens in unexpected ways or
not (Zheng et al., 2016). Similar to what Barrett (2006) proposed,
“Arousal is associated with the uncertainty regarding whether
a stimulus will predict threat of reward, the need to pay more
attention to a stimulus of importance, or urgency to engage in
active coping”.

These core affects (valence and arousal) of emotions are
due to features of stimuli (the hedonic value and safety value)
(Zheng et al., 2016; Figure 1). According to appraisal theory
of emotion, emotions result from people’s interpretations and
explanations of their circumstances. Arnold wanted to “introduce
the idea of emotion differentiation by postulating that basic

2 KJ
fear @anger

nervous O O arousal
O Peppy

O anthusiasm

O satisfied
O relaxed

FIGURE 1 | Circumplex model of emotions. One example of self-report datum
about circumplex model. All emotions, including the basic emotions can find
their locations in the circle of the circumplex.

emotions such as fear, anger, and joy could be distinguished
by different excitatory phenomena.” In her pioneering studies
about “cognitive theory” in the 1960s, Arnold specified that
the first step in emotion is an appraisal of the situation. The
individual has evolved an evolutionary safety check for the
stimulus when it first arrives. If the individual senses danger,
he will be scared and will fight or flee for survival. Later, if
the individual feels it is safe, he will have a secondary check
to see if it fits the individual’s need, then the organism will
be happy or sad. In the circumplex, the locations of the four
basic emotions (happy, sad, fear, and angry) are very typical:
fear and anger are on top of the vertical dimension, whereas
happiness and sadness are on the two opposite sides of the
horizontal dimension (Figure 1). These typical locations of
the four basic emotions suggest that the four basic emotions
have different parameters: happiness and sadness are due to
the hedonic value of a stimulus (needs), whereas fear and
anger depend on the safety value of a stimulus (safety needs)
(Gu et al,, 2016). These typical features may be the reasons
for them to be basic emotions. Complex emotions are mixed
with basic emotions, with different amounts of hedonic value
and safety value of a stimulus; for example, surprise (fear
or anger) + happiness can induce enthusiasm (Arnott and
Elwood, 2009) or surprise (fear or anger) + sadness may induce
disappointment (Figure 2).

NEUROMODULATORS FOR BASIC
EMOTIONS

With the development of drugs for affective disorders,
catecholamine and serotonin have been regarded as the
neural substrates for emotion, ever since the 50-60s of the last
century (Schildkraut and Kety, 1967). Later on, dysfunctions
of the monoamine system proved to be the substrates of many
mental disorders such as depression, post-traumatic disorders,
and attention-deficit hyperactivity disorder (Dougherty et al.,
1999). Most of the first-line antidepressant and anti-psychotic

Arousal value
Behavioral tensity
Norepinephrine

fear anger

Negative Hedonic value
Avoidance ~ s Behavioral direction

serotonin Dopamine
sadness happiness

FIGURE 2 | Two dimensional model of basic emotions. Emotions can be
induced by two affective qualities of a stimulus: the valence of the stimulus
and the way the stimulus occurs. Horizontal dimension shows the valence of
the stimulus, which means the hedonic quality of a stimulus or situations when
they fit into personal needs (pleasant-unpleasant). Vertical dimension shows
how the way a stimulus or situations occur, which means unexpected or
uncertainty.
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drugs target the monoamine system. Monoamine neuromodu-
lators have a big advantage to work as substrates for the basic
emotions: they affect both the peripheral nervous system and
the central nervous system. The brain areas that release the
monoamine are the ventral tegmental area, locus coeruleus (LC),
and raphe nuclei. These monoamine producing systems project
their axons and release these neuromodulators diffusely and
widely throughout the cerebral cortex (Lovheim, 2012).

Monoamine neuromodulators are proposed to be substrates
for the basic emotions: dopamine-pleasant, serotonin-
displeasant, and norepinephrine-arousal (Lovheim, 2012;
Gu et al,, 2016; Wang and Pereira, 2016), like the three primary
colors (Figure 3). However, even though numerous studies from
different fields support the notion that all three monoamines are
involved in affective diseases, their effects are still mixed. For
example, antidepressant drugs affect almost all the monoamine
neuromodulators and are also used for almost all affective
diseases such as anxiety, phobia, depression, etc. There is a
need to improve the conceptualization and classification of
the emotional states and the neuromodulators. Here, we try to
differentiate their functions in controlling emotion and behavior,
and a new hypothesis about monoamines and emotions is
introduced: three monoamine neuromodulators underlie the
three core affects (dopamine-reward, serotonin-punishment,
and norepinephrine-surprise); they work together to make
different basic emotions, like the three primary colors. The
dopamine (DA) system has been proved to be involved in reward
(Bressan and Crippa, 2005; Haber and Knutson, 2010; Diana,
2011), the noradrenaline system has been related to the “fight
or flight” responses at stressful events (Herrmann et al., 2004;
Benarroch, 2009), and the serotonin system seems to be related
to punishment (Tops et al., 2009). Their roles in creativities are
also important.

Dopamine-Reward

Brain mesolimbic DA has long been linked to the rewarding
processes in the brain ever since Wise (1980) first proposed the
hedonic hypothesis of DA and proposed that DA is a signal of

Emotion: fear or anger

punishment
Emotion: sad

Emotion: Joy

FIGURE 3 | Three primary color models of basic emotions. The four basic
emotions: fear-anger, joy, sad, or three core affects are subsided by the
release of three monoamine neuromodulators (norepinephrine-stress,
dopamine-reward, and serotonin-punishment).

stimulus salience, providing the feeling of enjoyment (Bergamini
et al.,, 2016). From then on, numerous studies have supported
DA role in the rewarding signals for food, sex, and other needs,
which are often stimulated by reward seeking behaviors (Frank
et al,, 2016). Many pharmacological and behavioral studies on
intracranial self-stimulation have established the important role
of the medial prefrontal DA system in reward behavior. As a
result, the term DA has been widely used synonymously with
reward or happiness.

Norepinephrine — Surprise

Novelty, either real or perceived, to the organism, can induce
robust norepinephrine release, and the brain norepinephrine
system is well known to be activated by surprise or novelty
(Morilak et al., 2005; Gu et al., 2015, 2016). Following exposure
to novel signals, norepinephrine is released from the LC to the
brain cortex and to almost all other limbic areas, such as the
hypothalamus (Birnbaum et al., 1999; Leonard, 2001; Morilak
et al., 2005; Barbieri et al., 2015). Even though the LC is very
small, the axons of these neurons project to essentially the whole
brain and potentially influence the entire nervous system. Both
electrophysiological and neurochemical studies have shown that
the brain LC is robustly activated by unexpected events (Ma
and Morilak, 2005; Bott-Fligel et al., 2011), and norepinephrine
release is determined by the salience of the stimulus. Novelty is a
key feature of creativity (Wiggins et al., 2015), and it is proposed
that the attribution of creativity entails the attribution of novelty;
also, human creative drive is the search for novelty (Wiggins et al.,
2015).

Serotonin — Punishment

Serotonin plays a critical role in a wealth of psychiatric
conditions, such as depression, manic anxiety, and obsessive
compulsions. However, despite the importance of serotoner-
gic pharmacotherapies, particularly selective serotonin reuptake
inhibitors, their roles in normal emotion are still mysterious
(Dayan and Huys, 2008). More than 20 years ago, Deakin
and Graeff hypothesized that different serotonin pathways act
in response to aversive stimuli, such as through opposition of
DA (Dayan and Huys, 2008), and the dysfunction of these
pathways contributes to the pathophysiology of anxiety and
affective disorders (Deakin and Graeft, 1991). Later, many studies
have related serotonin to punishment, for example, Robinson
showed that “serotonin is critical for punishment-induced inhibi-
tion” (Crockett et al., 2009, 2012; Robinson et al., 2012). Dayan
concluded that “At a global level, serotonin is richly involved in
the behavioral neuroscience of punishment and threat” (Dayan
and Huys, 2009). As for creativity, the aesthetic is sometimes
comfortable to the author, but sometimes it is utterly incompre-
hensible and even offensive to some observer, which might be a
punishment aspect of the art.

RELATIONSHIP WITH CREATIVITY

Pleasure and arousal are the core affects of emotion. Izard (2009)
suggested, “core affect” is not, in and of itself, a mental state of
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emotion; instead, it is just a feature of emotion. By his report,
arousal is associated with the uncertainty regarding whether a
stimulus will predict threat of reward, the need to pay more
attention to a stimulus of importance, or an urgency to engage in
active coping. Emotions are both tendencies of actions as well as
consequences of actions; therefore, actions, including creativity,
have many elements, which are similar to the features of emotion.
For example, the core features of emotions (arousal and reward
and/or punishment) are similar to the core features of creativity
(novelty and value).

Value and Novelty Are Two Basic
Quantities of Creativity

By combining these emotional studies, we set out to explore
the relationship between basic emotions and creativity. Konrad
Lorenz and Nikolaas Tinbergen, the founders of modern
neuroethology, revealed that animal behaviors are expressions
of some innate drives or instincts (Asahina, 2017). It is proposed
that animal behaviors, from egg-rolling in geese to the honeybee
waggle dance, are executed by genetically programmed neural
circuits that are triggered by specific sensory stimuli (Perry et al.,
2016). Creativity is a type of human behavior, which is an expres-
sion of human innate states. In Western societies, “creativity” is
most commonly used to refer to the embodied cognitive process
that gives rise to pieces of music, sculptures, paintings, poems,
and other accomplishments that are taken or presented as art.
Value and novelty are the two basic simple quantities of art
(Wiggins et al., 2015; Figure 4), and they are two major charac-
teristics of creativity. Also, it is certainly true that creative people
tend to seek novel stimuli over familiar or simple stimuli (Reuter
et al,, 2005). This is similar to the core affects of emotions
(hedonic value and arousal value).

Value

The core affects of pleasure and arousal are due to stimula-
tion effects on the subjects. Consistently, value and novelty
of creativity are not two discrete kinds of creativity; instead,
they are relations between observers and the created artifact
(Wiggins et al., 2015). Value is dependent not only on the
observer but also on the context in which the observation is

Novelty
of Creativity
Norepinephrine

avoidance approach

value
! s of Creativity

Dopamine
disgust appreciation

FIGURE 4 | Two features of creativity. Value and novelty are two basic
quantities of arts, similar to hedonic value and arousal value of core affects,
which are subsided by the release of two catecholamine neuromodulators
(norepinephrine-stress, dopamine-reward).

made (Wiggins et al., 2015). Value is not only a character-
istic of creativity, it is also present in many more pursuits
apart from the artistic ones mentioned above (Wiggins et al.,
2015). A prime example is mathematics, where the creation
of the proof of a theorem is more highly valued if it is
“elegant,” according to the principles of the particular branch
of mathematics to which it applies. Evolutionarily, value is
anything that is elegantly coping with the situation. This is consis-
tent with Lazarus’s appraisal theory of emotions (Wang et al.,
2018).

Richard Lazarus followed closely with Magda Arnold in
the research of emotions through cognitive appraisal. Lazarus
specified two major types of appraisals: (1) primary appraisal,
directed at the establishment of the significance or meaning of
the event to the organism and (2) secondary appraisal, directed
at the assessment of the ability of the organism to cope with
the consequences of the event. These two types of appraisals go
hand in hand as one establishes the importance of the event. The
first appraisal is related to harm and threat and induces fearful
emotion to motivate avoidance and withdrawal. The second
appraisal is conscious and concerned with coping (Lazarus, 1999;
Zheng et al., 2016). Both fear and anger are due to unexpected
stressful events (also see Figure 5; Zheng et al.,, 2016); fear is
associated with feelings of uncertainty, whereas anger is associ-
ated with coping with stressful situations (Moons et al., 2010).
After coping with stressful situations, Lazarus proposed a certain
type of cognitive reappraisal processes, which included positive
reappraisal (happy or rewarding emotions will be induced) and
negative reappraisal (sad or punishing emotions will be induced
and negative reappraisal (sad or punishing emotions will be
induced) (Aldwin, 1994; Lazarus, 1999). If the organism can cope
successfully with the stressful situation, the organism will then
show positive emotions and be happy. Otherwise, the organism
will experience negative emotions and be sad (Wang et al., 2017).
Therefore, we propose that the emotion joy is due to positive
reappraisal: coping successfully. This can also be reflexed on
the value of creativity, in that creativity is the smartest way to

. Succeess

Stressful | Fear ‘ | Coping .%
events \‘ \77 7 (anger)
— &l Failure
| Sadness
Primary | Secondary

FIGURE 5 | Stress induced emotion flow. Like Lazarus suggested, there are
two kinds of appraisals, the primary appraisal is to find the fearful situation,
and the secondary appraisal to find the ability to cope with the situation. Fear
is due to the first appraisal, and anger is due to the secondary appraisal. And
afterwards, there will be reappraisal, which includes emotion based rethinking
positively/negatively about the situation. Stress—Fear-Response (anger)—
Consequences (happiness or sadness) constitute the emotional flow in our
everyday lives. Similarly, creativity value is due to successfully coping with the
situation.
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deal with difficult situations in life. Altogether, the happy emotion
and creativity value are both due to the successful coping with the
situation.

Novelty

Novelty is another key feature of creativity. In Western culture,
as we have articulated above, the attribution of creativity entails
the attribution of novelty-various authors have argued that
the human creative drive is the search for novelty (Justin and
Sloboda, 2010). Huron proposed that it is appropriate for an
animal to be alert and prepared for fight or flight in the face
of novel circumstances, because the outcome of a novel experi-
ence is sometimes dangerous (Huron, 2006). Research based on
physiological and behavioral measures in human responses to
live music also found that the unexpectedness value of pitch
can induce a significant part of the variance in physiological
measures (heart rate, skin conductivity, etc.) that correspond
with arousal (Salzman and Fusi, 2010). This constitutes evidence
that unexpectedness in music correlates with arousal in listen-
ers (Wiggins et al.,, 2015). Huron suggested that tension, thus,
stimulated by expectation is in large part responsible for
affects stimulated by Western music, whose emotive content is
frequently in theory conceived as an ebb and flow of tension
of various types. This affective experience is highly valued and,
altogether, more subtle and dynamic than the common labeling
of emotional analysis of music as “tender;” “sad,” etc. (Justin and
Sloboda, 2010). Weiss et al. found that when nightingales heard a
playback consisting of song types with branch transition patterns,
they responded with song types that had bottleneck transition
patterns. Conversely, when they heard song types with bottle-
neck transition patterns, they responded with song types that
tended to be branching transitions in their population; that is,
they responded with the unexpected (Justin and Sloboda, 2010).

NEUROMODULATORS FOR CREATIVITY

Monoamine neuromodulators are substrates of basic emotions.
So, what are their potential roles in creativity?

Value-Dopamine

The hedonic hypothesis of DA postulates that DA in the brain
plays a critical role in the subjective pleasure associated with
positive reward. However, several complications in recent DA
studies have opened this theory to debate and reexamination
(Berridge and Kringelbach, 2015). The incentive salience hypoth-
esis was recently introduced, which suggested that the major
function of DA is not only to mediate the unconditioned
pleasures from food, sex, and drugs but is also linked to the antici-
patory, preparatory approach or the coping phases of reward
behavior (Sandoval and Seeley, 2017) and in the relations of
DA neuron to the reward outcome (Schultz et al., 1997). This
hypothesis is highly consistent with Lazarus’s (1999) reappraisal
theory about happiness or sadness: the happy and sad emotions
are related to the success or failure to cope with stressful situations
(Wang et al., 2018).

This is really the case for DA neurons. Schultz screened the
controlling process in great detail and found that DA release is
the highest during the learning process. He suggested the name
predication error for the learning process (Schultz et al., 1997;
Eshel et al., 2016). It appears that learning is driven by deviations
or “errors” between the predicted time and amount of rewards.
Schultz et al. (1997) proposed that DA encodes expectations
about external stimuli or reward, especially when it is uncertain
or there is a deviation or error (predication error). Therefore, DA
release is not determined by rewarding stimuli or aversive stimuli.
Instead, it is determined by the outcome of whether the coping
process is successful or not. Altogether, the DA system is a reward
process, which is determined by the coping process (Cabib and
Puglisi-Allegra, 1994; Spreux-Varoquaux et al., 2001).

The value of an art is the interaction between production
and (probably, at least initially, introspective) evaluation by an
artist, and then by a social community, that identifies relative
value and relative novelty, of both the artifact and the way it was
made. Margaret Boden makes another, perhaps more tractable,
distinction between psychological creativity-the act of generat-
ing an artifact that is novel and of value to an individual-and
historical creativity—the act of generating an artifact that is novel
and valued in historical terms. Consistently, reward will in turn
affect creativity. It is found that creativity-contingent rewards
tend to increase creative performance, and these rewards are
more positively related to creative performance when individuals
are given more positive, contingent, and task-focused perfor-
mance feedbacks and are provided more choice. In contrast,
performance-contingent or completion-contingent rewards tend
to have a slight negative effect on creative performance (Byron
and Khazanchi, 2012).

Novelty-Norepinephrine

Stress results from real or perceived threat to the homeostasis
or well-being of the human being (Zheng et al., 2016), and it is
due to the uncertainty about the situation. Stress can activate the
norepinephrine/locus coeruleus (NE/LC) system, which induces
fight or flight behaviors and fear and anger emotions. Darwin
descried two primary mechanisms of selection as the driving
forces of biological evolution, natural selection, and sex selection.
The critical elements for natural selection are variations in traits,
while sexual selection can be viewed as a special case of natural
selection, which acts on an individual’s ability to mate, such as
fighting. Biologists have investigated a variety of modes of sexual
selection for mate choice. The simplest selection will be for a
character that provides a direct benefit, such as if a female bird
chooses a male whose genes produced a tail of the optimal size
for fighting (Justin and Sloboda, 2010). Creative behavior can
also result in sexual selection, for example, learning to weave a
beautiful nest by the male weave-birds can give them a better
chance to mate. Altogether, emotion can drive creativity through
an attentional style driven by novelty salience (Carson, 2011).
Internal rewards for seeking novelty may provide creative people
with intrinsic motivation and intellectual curiosity (Schweizer,
2006). In addition, creative people tend to seek novelty; therefore,
the character of novelty-seeking may be an incentive for creative
work (Carson, 2011).

Frontiers in Psychology | www.frontiersin.org

October 2018 | Volume 9 | Article 1924


https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Guetal

Neuromodulators Underlying Creativity

Serotonin-Inhibition

When an individual fails to cope with a stressful situation,
serotonin will be released (Chaouloff et al., 1999). Serotonin
is correlated positively with aversion and negatively with
reward. This effect can also be demonstrated by serotonin’s
analgesic properties, and in fact, selective serotonin reuptake
inhibitors taken chronically have an important role in the
clinical management of chronic and neuropathic pain (Dayan
and Huys, 2008). Numerous studies have found that serotonin
is linked to aversive conditioning, reward suppression, and
behavioral inhibition (Dayan and Huys, 2009). Therefore,
serotonin has a major behavioral effect on suppression, inhibi-
tion, or freezing. Decreased inhibition is associated with
increased creative achievement (Carson et al., 2003). Decreased
inhibition increasing creativity may work through the disinhi-
bition of hyperconnectivity, which is an abnormal neural
linking of brain areas that are not in general functionally
connected (Carson, 2011). Hyper-connectivity has been reported
in the brains of highly creative subjects during creativity tasks,
which may provide the neurological mechanism for remote
associations between stimuli that are the basis for creative
thought.

CREATIVITY AND PSYCHOPATHOLOGY

Despite the fact that creativity is a highly valued trait and
viewed as an aspect of self-actualization, the possibility of creative
people to suffer from psychosis has been noted ever since the
ancient times. Many biographies and empirical studies have
found that creativity has been associated with psychopathology.
For example, it was found that more than 80% of the writers
had suffered from mood disorder, which is four times higher
than that of the control (Carson, 2011). The major reason is
that shifts of mental states associated with mood dysfunction can
facilitate creativity. Genetic vulnerability factors related to the
functioning of DA and serotonin in the prefrontal brain and
subcortical brain are the major reasons that predispose certain
people to experience altered mental states (Carson, 2011). These
altered emotional states may manifest in these people as severe
psychopathology or as creative ability (Carson, 2011). Molecular
genetic studies have begun to hone in on a set of genes, most
of them are related to NE, DA, and serotonin transmission
that are associated with both creativity and mood disorders
(Carson, 2011). For example, several genes that are related to
DA, including DRD4, SLC6A3, and TaqlA, have been linked
to both risks of schizophrenia and bipolar disorder as well
as novelty seeking in creativity. Catechol-O-methyltransferase
(COMT), an enzyme responsible for degrading catecholamine,
including DA and NE, has been implicated in schizophrenia and
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Previous research has demonstrated the positive effects of congruent personal and
environmental characteristics on creativity. None of them, however, has tested the formal
theory of person-environment fit for predicting creativity in the context of multicultural
experiences. This study examined the effects of two versions of person-environment
fit (Demands-abilities fit and Needs-supplies fit) on employee creativity in China, taking
into account the moderating role of multicultural experiences. The results, based on
the data of East Asian Social Survey in the Chinese General Social Survey (CGSS) in
2015, showed employees with demands-abilities fit have lower creativity than those
with demands-abilities misfit; nevertheless, the demands-abilities fit creates a growing
impact on employee creativity with increasing multicultural experience. Additionally, the
higher the needs-supplies fit, the stronger the employee creativity; and, the needs-
supplies fit creates a growing impact on employee creativity with increasing multicultural
experience. It shows that different versions of person-environment fit have different
effects on employee creativity and multicultural experience moderated the effects of
person-environment fit on employee creativity. Implications for research and practice
are discussed.

Keywords: person-environment fit, demands-abilities fit, needs-supplies fit, employee creativity, multicultural
experience

INTRODUCTION

With the development of economic globalization and modern science and technology, the world
economy is marching from the era of industrialization toward that of knowledge economy, and
the economic growth is increasingly driven by technological innovation. In this context, creativity
has become dramatically pivotal to companies aspiring to gain advantages in an ever-increasingly
competitive market environment (e.g., Amabile, 1988; Woodman et al., 1993; Shalley and Gilson,
2004; George and Zhou, 2007; Mumford, 2011). This is not only embodied in the fact that creativity
is crucial to an organization’s economic success (e.g., Geroski et al., 1993; Eisenhardt and Tabrizi,
1995), but that creativity conduces to improved organizational performance, such as crisis response
capability (Tushman and O’Reilly, 1996), organizational planning capability (Mumford et al,
2008), teamwork spirit, and organizational citizenship (Amabile et al., 2004). Individual creativity
has been the cornerstone and origin of creativity at all levels (Amabile, 1988; Woodman et al.,
1993). For organizations, employee creativity plays a prominent role in organizational innovation
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and boom (Amabile, 1996; Shalley et al., 2004). On that account,
it is of paramount significance for the survival and boom of
companies to probe into driving factors in employee creativity
and its mechanism of action so as to motivate employee creativity,
which has also become a principal topic for scholars.

Early research on creativity mainly focused on personalities
(e.g., Barron and Harrington, 1981), cognitive processes
(e.g., Sternberg, 1988; Schooler and Melcher, 1995), lifecycle
rules, and individual factors (e.g., Simonton, 1990; Gardner,
1993). Nevertheless, creativity is not completely individualized
but rather a function of individual and contextual factors
(e.g, Woodman et al, 1993; Amabile, 1996; Amabile and
Pillemer, 2012). An increasing amount of recent research
has begun to explore creativity from the perspective of the
interaction between individual factors and contextual ones
(e.g, Oldham and Cummings, 1996; George and Zhou,
2001).

Most researchers usually select certain variables from
individual and contextual factors to construct interaction terms,
to which the approach can discover the relationship between
specific variable combinations and employee creativity, but
can hardly explain the relationship between creativity and the
interaction between individuals and contexts as a whole (Wang
and Sun, 2010). However, the viewpoint of person-environment
fit (P-E fit) provides us with a path to explain the interaction
between individuals and contexts at large (Livingstone et al.,
1997). As the kernel of Organizational Behavioral Science, this
viewpoint refers to the consistency, matching, and similarity
between the person and the environment (see Edwards, 2008, for
a review). Many studies have concentrated on the relationship
between P-E fit and its types and employee attitudes and
behaviors (e.g., Kristof-Brown et al,, 2005b; Oh et al., 2014;
Milliman et al, 2017), yet few has paid attention to P-E fit
and employee creativity, and even few have focused on the
positive impact of objective matching on employee creativity
(e.g., Livingstone et al., 1997; Choi, 2004b; Du and Wang,
2009; Wang and Sun, 2010; Zhang and Long, 2013). In such
case, what impacts will employees’ perceived fit create on
creativity?

People in different sociocultural environments may present
diverse creative expression patterns (Kharkhurin, 2010). In
other words, a specific sociocultural environment leads to
discrepancies in employee creative activities (e.g., Simonton,
1975; Csikszentmihalyi, 1999; Chiu and Kwan, 2010). Many
scholars have analyzed the differences in individual creativity
under different cultural backgrounds from a cross-cultural
perspective (e.g., Lubart, 1999; Paletz and Peng, 2008). This
cross-cultural perspective holds that, due to different internal
structures of diverse cultures, the unity of culture has been
exaggerated, whereas the heterogeneity of culture has been
ignored; therefore, focusing merely on the comparison of
cultural similarities and differences has overlooked the inter-
cultural interaction and dynamic process (Morris, 2014).
In that way, nowadays with more and more diversified
forms and approaches of cultural interaction, how will
peoples multicultural experience affect the relationship
between person-environment and employee creativity? This

is also one of the questions demanding an answer in this
study.

LITERATURE REVIEW AND
HYPOTHESES

Research on Person-Environment Fit
Contemporary P-E fit research is often traced to Parsons
(1909) who developed a matching model to describe the fit
between attributes of the person and characteristics of different
vocations. Afterward, Murray’s need-press model and Lewin’s
field theory lay a theoretical foundation for the research
on P-E fit (see Edwards, 2008, for a review). For a long
time, P-E fit has been discussed from the two perspectives
of supplementary fit and complementary fit (Muchinsky
and Monahan, 1987). Supplementary fit usually means that
individuals and organizations have similarities in terms of goals,
attitudes and values; for example, individuals and organizations
deem that autonomy is of greater significance (Kristof, 1996).
Complementary fit denotes that the resources owned by the
individual or the organization are able to meet each other’s
needs; for example, the skills possessed by the individual meet
the requirements of the organization, or the resources provided
by the organization meet the needs of the individual (Cable
and Edwards, 2004). That being the case, complementary fit
can be divided into demands-abilities fit and needs-supplies
fit (Caplan, 1987; Edwards, 1991; Kristof, 1996). Demands-
abilities fit considers fit from the angle of the individual
meeting the requirements of the organization, that is, the
matching between the person and the organization occurs
only when the individual has abilities the organization needs.
Organizational requirements generally include job requirements,
role expectations, organizational norms, and certain aptitudes,
skills, time, and energy owned by the individual. Needs-supplies
fit considers fit from the angle of the organization satisfying the
requirements of the individual, that is, the matching between the
person and the organization emerges only when the organization
meets needs and preferences of the individual. Individual needs
generally include innate biological and psychological needs,
values, and achievement motives. Organizational supply refers
to satisfying individual needs through internal and external
resources such as food, money, social participation, and self-
realization opportunities (e.g., Edwards et al., 1998; Cable and
Edwards, 2004).

A large number of P-E fit studies center on changes in
employee attitudes, physical and psychological responses, and
behavior brought by various types of fit (see Kristof-Brown and
Guay, 2011 for a review), such as job satisfaction (e.g., Livingstone
et al., 1997), organizational commitment (e.g., Kristof-Brown
et al, 2005a), organizational identification (e.g., Cable and
DeRue, 2002), and work stress (e.g., Livingstone et al., 1997;
Edwards and Shipp, 2007). As a result variable of P-E fit,
creativity has also been attached importance by some researchers
(Schneider et al., 1995; Tierney et al, 1999). One standpoint
holds that person-environment interaction will lead to P-E fit,
going with which the homogeneity of the person will enhance
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as well; yet, the homogeneity may impede the divergent thinking
of employees, thus undermining their creativity (Schneider
et al., 1995). Another standpoint holds that P-E fit brings good
psychological feelings to employees, which in turn leads to
improvements in employee creativity (Tierney et al., 1999). It can
thus be told that the relationship between P-E fit and creativity is
inconclusive. Given that supplementary fit usually involves both
the individual and the organization, and that this study places
stress on the impact of employees’ perceived fit on their creativity,
this article looks back at length on the relationship between
creativity and demands-abilities fit as well as needs-supplies fit,
based on which research hypotheses have been put forward.

Demands-Abilities Fit and Employee
Creativity

Considering that knowledge and skills are very crucial or
fundamental antecedent variables in individual creativity
(Amabile, 1988; Woodman et al., 1993; Ford, 1996), the kernel
of demands-abilities fit tends to emphasize that the knowledge
and skills of employees fulfill the requirements of their jobs
(Edwards, 1996). In other words, knowledge and skills provide a
set of cognitive pathways that individuals can follow to resolve a
given problem or accomplish a given task (Amabile, 1988). The
higher the employee’s demands-abilities fit, the more knowledge
and skills they acquire to satisty job requirements; hence, it is
easier for them to get rid of their conventional thinking modes.
The multidimensional cognitive structure facilitates employees
to leverage knowledge and skills more flexibly at work, thus
constantly developing new ideas and put them in to practice
(Boon et al., 2011).

On top of that, in accordance with the Social Cognitive Theory
(Bandura, 1986), demands-abilities fit can motivate individuals
to construct positive self-recognition during the work process
and promote them to develop inherent driving forces based on
implicitness and abilities (Lee and Antonakis, 2014). Integrating
self-efficacy with creativity theory, Tierney and Farmer (2002)
proposes the concept of creative self-efficacy, which refers to
the individual’s belief in his ability to creatively accomplish
a specific task, embodying his confidence in demonstrating
creative abilities and behavior during the work process. When
individuals have the abilities to address specific problems and
accomplish specific tasks, or when their capabilities exceed the
requirements of the job, they believe that they can successfully
adopt innovative thoughts and ideas to solve problems at work.
On the contrary, when individuals’ own abilities are unable to
meet job requirements, they show little confidence in creativity
(Choi and Price, 2005). Good self-efficacy stimulates creativity
(Choi, 2004a). It can thus be seen that demands-abilities fit may
produce an indirect effect on creativity through positive self-
cognition (e.g., Choi and Price, 2005; Du and Wang, 2009; Wang
and Sun, 2010; Zhang and Long, 2013). On account of the above
analysis, Hypothesis 1 has been proposed.

Hypothesis 1: Employees with demands-abilities fit have
greater creativity than those with demands-abilities misfit.

Needs-Supplies Fit and Employee
Creativity

Needs-supplies fit indicates whether the resources provided by
the organization can meet the needs of employees. When the
resources provided by the organization are the same as the
resources employees expect from the organization, needs and
supplies match up with each other (Edwards, 1996). In line with
the Social Cognitive Theory, when the resources provided by the
organization comply with individual needs of employees, they
hold the organization is creating a positive working environment,
under which they tend to have higher commitment and loyalty to
the organization, and give organizations corresponding rewards
based on the principle of exchange and reciprocity, thereby
stimulating individual creativity (Wang and Sun, 2010). In
addition to the principle of reciprocity, the perception of
fairness in social exchanges also exerts an influence on employee
creativity. When employees think that their efforts and rewards
match, they will show more creativity (Janssen, 2000).

From the perspective of Motivational Theory, when
employees’ needs are met by the organization to a higher
degree, they will have a lasting emotional input in work, show
more sense of responsibility in the work process, and are willing
to step up efforts, in order to fulfill the psychological needs
of autonomy in internal motivations. Proactive work motives
make them more willing to think hard in the work process and
therefore more likely to pose new problems and come up with
new solutions (Farzaneh et al., 2014).

A more painstaking study divides needs-supplies fit into two
categories of internality and externality by its nature (Cable
and Edwards, 2004). Internality refers to the matching between
achievement motivation, self-realization, and values; whereas
externality usually refers to material incentives provided by
the organization. From this perspective, different aspects of
needs-supplies fit produce diverse effects on creativity. When
employees can obtain some resources from organizations, such
as autonomy and decision-making power, they will express
a higher level of creativity. In such research needs-supplies
fit is internal (e.g., Shalley et al., 2000). Yet conclusions are
inconsistent regarding the relationship between external material
incentives and employee creativity (Zhou and Shalley, 2003).
The Humanistic Psychology School represented by Amabile
believes that external incentives inhibit internal motivation
and creativity (Amabile et al., 1986, 1996); on the contrary,
the Learning School represented by Eisenberger holds that
external incentives promote internal motivation and creativity
(Eisenberger and Rhoades, 2001; Eisenberger and Aselage, 2009).
Upholding the ideas of freedom and individualism, Amabile
et al. (1986, 1996) deems that: mankind’s nature lies in the
pursuit of freedom, self-expression, and self-realization; external
motivation destroys employees’ interest in creativity and causes
employees to lose their sense of self-determination, resulting
in employees paying close attention to short-term results and
incentives themselves, but no longer trying new solutions to
problems. As a consequence, the Humanistic Psychology School
regards external incentives as being inherently destructive for
employee creativity to explore new discoveries. In contrast,
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upholding utilitarianism, Eisenberger and Rhoades (2001) and
Eisenberger and Aselage (2009) believes that through reasonable
material incentives, individuals can effectively enhance their self-
determination and performance pressure, thereby improving
internal motivation and creativity. Be that as it may, new research
revealed that external motivation is also conducive to inspiring
creativity, indicating that external motivation and internal
motivation can synergistically influence creativity (Shalley and
Zhou, 2008). The above analysis leads to Hypothesis 2.

Hypothesis 2: The higher the needs-supplies fit, the higher
the employee creativity.

The Moderating Role of Multicultural

Experience

Culture is “any knowledge legacy shared and passed down
in a community that can satisfy the psychological needs of
individuals or communities” (Chiu et al., 2010). The multicultural
perspective breaks through the “trait theory” of cross-cultural
perspective (see Peng et al., 2017 for a review). Viewing culture
as an implicit sharing of knowledge among individuals, it
delves into how a particular situation activates the cultural
constructs in individuals’ brain and influences their mentality and
behavior. From this perspective, researchers begin to center on
the relationship between multicultural experience and creativity
(e.g, Chiu and Hong, 2005; Leung et al, 2008; Maddux
et al., 2010). As pointed out by existing studies, multicultural
experience can raise the level of individual creativity by
improving the epiphany learning, long-distance imagination and
concept formulation of individuals, increasing the extraction of
unconventional knowledge, and generating new ideas through
unfamiliar cultures (Leung et al., 2008). Multicultural experience
facilitates individuals to encode information in different ways, to
draw new concepts and ways of thinking from other cultures,
and to establish multiple connections among concepts (Maddux
et al., 2010). Such being the case, individuals draw new ideas
from different cultures and integrate them in novel ways when
in problem-solving scenarios. Integrating seemingly irrelevant
concepts in different cultures conduces to the expansion of
conceptual category in the brain (Chiu and Hong, 2005). In
brief, the individual creativity can be increased by multicultural
experience which exposes individuals to novel concepts and
ideas, and enhances their abilities to perceive, process, and
arrange cultural information.

As to employees with richer multicultural experience, when
their perception ability fulfills job requirements, multicultural
experience enables them to encode information in various
manners, to draw new concepts and ways of thinking from
other cultures, to get rid of conventional thinking modes, thus
constantly forming and applying new ideas to the practical
problem-solving process.

When the resources provided by the organization meet the
needs of employees, needs and supplies match up with each other.
For employees with richer multicultural experience, their ability
to integrate diverse cultural, together with the proactive work
motivation brought by needs-supplies fit, can better enhance

their problem-solving creativity. The following hypotheses are
thus put forward:

Hypothesis 3: The impact of demands-abilities fit on
employee creativity increases with employees’ multicultural
experience.

Hypothesis 4: The impact of needs-supplies fit on
employee creativity increases with employees’ multicultural
experience.

MATERIALS AND METHODS

Data Collection Procedure

Chinese General Social Survey (CGSS) is the first nationwide,
comprehensive, and continuous academic survey in China. CGSS
system collects data from multiple levels of society, community,
family, and individual, summarizes the trends of social change,
and dives into topics of major scientific and practical significance.

Similar to former surveys, the CGSS sampling method in 2015
adopted a multi-stage, stratified probability sampling design,
which, at the level of village, employed the sampling method
based on map addresses that has been generally recognized by
large-scale domestic social and economic surveys. The 2015
CGSS field survey put to use the Ominisurvey questionnaire
survey system for the first time, drastically raising the timeliness
and quality of data collection. The survey covered 478 villages
in 28 provinces/cities/autonomous regions across China and
completed 10,968 valid personal questionnaires.

In addition to the core module, the 2015 CGSS project also
included the work module of East Asian Social Survey (EASS),
which had an average probability of 1/6. The EASS work module
in CGSS 2015 was applied to analyze the relationship between
P-E fit and employee creativity and completed a total of 1,743
valid questionnaires. As P-E fit questions in the data were only for
non-agricultural workers, this study chose samples of “currently
engaged in non-agricultural work” for analysis according to the
work experience in the questionnaire. After removing the cases
with missing data, a number of 543 valid questionnaires were
obtained.

Measurement
Person-Environment Fit
P-E fit measurement contains direct measurement and indirect
measurement (Kristof, 1996). Direct measurement is conducted
by the fit degree perceived by the individual, such as “My abilities
meet the needs of organizational development”; while indirect
measurement includes crossover and individual methods. The
former involves the measurement of two objects — the individual
and the organization, as well as the statistics of fit degree; the latter
uses different questioning methods to put questions only to the
individual, such as “I often have new ideas” and “My company is
filled with dense innovation atmosphere,” and then analyzes the
match between individual creativity and organizational creativity
atmosphere.

Both direct and indirect measurement has pros and cons
(Kristof, 1996). Indirect measurement can produce a separate
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and meaningful demonstration of the internal psychological
process of comparison between the person and the environment
(Edwards, 1994). However, it is possible that people who
make intuitive judgments about a subject rather than going
through a process of actual comparison and the subject in
question (Choi and Price, 2005). In comparison, though failing
to discriminate between independent effects of the individual
and the environment and subject to potential response bias,
direct measurement can obtain unique information that indirect
measurement cannot (Choi and Price, 2005), and in fact it
has been considered more effective than indirect measurement
(Cable and Judge, 1997). This study thus employs the direct
measurement of P-E fit. This measurement method means that
employees directly report the level of matching they perceive;
moreover, in whatever circumstances, the matching is achieved as
long as the individual perceives it (Kristof-Brown et al., 2005b).

The indicators for the measurement of demands-abilities fit
are: “Whether you think the education you received matches the
needs of your current job” and “Whether you think the skills you
gained match the needs of your current job.” Options for the
questions are cross-combined to form “Both fit,” “Either fit,” and
“Neither fit.”

For the measurement of needs-supplies fit, it has been
divided into two categories of internality and externality by its
nature. The conclusion on the relationship between internality
fit and creativity is relatively consistent, whereas that on between
externality fit and creativity is not (Zhou and Shalley, 2003).
To verify the relationship between externality fit and employee
creativity, this study attaches more importance to externality
fit without regard to internality fit for the time being. The
questionnaire developed a five-item index (a = 0.930) to obtain
participants’ self-reported assessments of their needs-supplies fit.
Sample items were “From the perspective of work skills, do you
think your company offers you a reasonable salary” “From the
perspective of job performance, do you think your company
offers you a reasonable salary.”

Employee Creativity

Former studies have defined creativity as outcome-oriented or
process-oriented. Researchers like Amabile tend to adopt the
“outcome-oriented” definition. They define creativity as the
creation of newfangled and useful ideas or opinions related to
product, service, and process (e.g., Shalley, 1991; Amabile et al.,
1996; Ford, 1996; Oldham and Cummings, 1996). By contrast,
researchers like Parnes are prone to adopt the “process-oriented”
definition. They define creativity as a process in which employees
attempt to create new outcomes from behavior, cognition, and
emotion, and concentrate on the individual’s creative behavior in
complicated situations (e.g., Parnes, 1967; Drazin et al., 1999). In
accordance with the orientation of creative process measurement,
this study defines employee creativity as the creative behavior of
employees when solving problems in daily life as well as work
situations.

From the angle of measurement, the measurement
of creativity includes subjective evaluation and objective
measurement. Subjective evaluation includes self-evaluation,
expert evaluation, and superior evaluation (e.g., Shalley, 1995;

Zhou, 1998; George and Zhou, 2001; Tierney and Farmer,
2002); while objective measurement involves patent disclosures,
technical reports, and ideas submitted to suggestion programs
(Shalley et al., 2004). Although each measurement method has
its own pros and cons, this study applies the method of employee
self-evaluation to measure employee creativity. The reasons are:
(1) the employee’s knowledge of job information and perception
of their own behavioral motives are more delicate than their
superiors; (2) the creativity assessment is highly susceptible to the
preference of evaluators, bringing about various understandings
and thus vast differences in evaluation results; (3) the superior
assessment is easily induced or blinded by the surface behavior
of employees good at performance, however, superiors turn a
blind eye to the truly creative behavior of some honest employees
(Janssen, 2000). In addition, previous research has focused on the
creativity of employees in the face of specific tasks; whereas this
study focuses on the creativity of employees in entire workdays
(Elsbach and Hargadon, 2006), which can be either the creativity
in a particular task at work or the creativity in addressing daily
problems.

The questionnaire developed a five-item index (o = 0.720)
to obtain participants’ self-reported assessments of employee
creativity. Sample items were “I often like to try new unusual
things” and “When learning new things, I prefer to try my own
unique method.”

Multicultural Experience

Multicultural — experience implies the opportunity to
communicate directly or indirectly with foreign cultural
elements or members (Leung et al., 2008). It consists of big
multicultural experience and little multicultural experience. The
former denotes years of experience of living abroad or emigration
and thus in-depth comprehension of and exchanges with foreign
cultural elements; however, the latter indicates foreign cultural
elements exposed to daily life other than emigration or living
abroad, for example, the experience of people who have not
gone abroad learning foreign languages and watching American
dramas (Rich, 2009). Previous studies have laid emphasis on
big multicultural experience rather than little multicultural
experience. Yet, in today’s globalization, people have more
opportunities and easier access to foreign cultural elements,
such as language learning, media reading, cultural activities,
and consumer behavior (Stiirmer et al., 2013), hence little
multicultural experience deserves more concern and thus the
focus of this study. Since bilingualism is a pivotal indicator for
measuring little multicultural experience, bilingual immersion
can develop the individual’s multicultural identity and promote
them to better comprehend multiculturalism, which is a tool to
measure multicultural experience (Bialystok, 2001). Bilingualism
in the article refers to the two languages of Chinese and English.
Due to a large number of dialects in China, the dialects will
no longer be subdivided here, but Mandarin and dialects are
considered as a whole. The English ability hence represents the
level of bilingualism. The questionnaire developed a five-item
index (o = 0.966) to measure employees’ bilingualism. Sample
items were “What do you think of your English listening ability?”
and “What do you think of your English speaking ability?”. The
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TABLE 1 | Descriptive variables (N = 543).

Variable Percent Mean SD Minimum Maximum
Gender

Male 59.85%

Female 40.15%

Education level

Primary school or lower 9.58%

Junior high school 32.41%

High school 24.49%

College and higher 33.52%

Demands-abilities fit

Both fit 67.59%

Either fit 16.94%

Neither fit 15.47%

Age 39.57 11.365 18 75
Needs-supplies fit 3.41 0.840 1 5
Multicultural experience 1.87 0.955 1

Employee creativity 3.14 0.860 1 5

higher the total score is, the stronger the bilingual ability, and
the richer the multicultural experience. Variables description is
shown in Table 1.

RESULTS

Demands-Abilities Fit and Employee
Creativity

In this study, stepwise linear regression analysis has been used to
verify relevant hypotheses. Based on the procedure in stepwise
linear regression analysis suggested by Baron and Kenny (1986),
the first to input into the regression equation is control variable;
the second is the variable of demands-abilities fit (this variable
is a three-category variable and thus converted into two dummy
variables) and multicultural experience; the third, the interaction
between demands-abilities fit and multicultural experience.

Model 2 and model 3 in Table 2 reflects the impact of
demands-abilities fit on employee creativity. Including merely
control variable, Model 1 indicates gender and age are negatively
correlated with employee creativity. In other words, women’s
creativity is lower than men’s (B = —0.168, P < 0.05); the
creativity becomes lower with age (B = —0.018, P < 0.001).
With demands-abilities fit and multicultural experience added
in, Model 2 shows employees whose education and skills both
match the requirements of the job have lower creativity than
those not (B = —0.218, P < 0.05), and the same with those
either of whose education or skills match the requirements
(B = —0.288, P < 0.05), which is the opposite of Hypothesis 1;
Multicultural experience exerts a dramatic impact on employee
creativity (B = 0.122, P < 0.05), that is, the richer the
multicultural experience, the higher the employee creativity.
Model 2 significantly increases the explanation of employee
creativity (AR? = 0.021, P < 0.05).

Model 3 takes into account the interaction variable between
demands-abilities fit and multicultural experience, which is
highly significant, and its coefficient is positive (B = 0.236,

P < 0.05). It is nevertheless implausible to verify the significance
of overall interaction simply based on the significance of product
term coeflicient, because the overall interaction has over one
degree of freedom and it depends on whether the R? variation of
the main effect model (Model 2) and product term model (Model
3) is remarkable or not. The result exhibits that R? variation
changes dramatically (AR2 = 0.009, P < 0.1). This implies that as
long as an additional unit is included in multicultural experience,
the average difference in creativity increases by 0.236 between
employees whose education and skills match job requirements
and whose education or skills match the requirements. In other
words, the impact of education and skills matching with job
requirements on employee creativity increases with employees’
multicultural experience getting richer. Hypothesis 3 has been
therefore validated.

Needs-Supplies Fit and Employee
Creativity

Likewise, the stepwise linear regression analysis has been applied
to validate hypotheses related to needs-supplies and employee
creativity. The first to input into the regression equation is
control variable; the second is the variable of needs-supplies fit
and multicultural experience; the third, the interaction between
needs-supplies fit and multicultural experience.

Model 4 and model 5 in Table 2 reflects the impact of
needs-supplies fit on employee creativity. With needs-supplies
fit taken into consideration, Model 4 tells that the higher the
needs-supplies fit, the higher the employee creativity (B = 0.1050,
P < 0.05), significantly increasing the explanation of employee
creativity (AR? = 0.011, P < 0.01). Hypothesis 2 hence has been
verified.

Model 5 adds in the interaction variable between needs-
supplies fit and multicultural experience. The interaction term
of between needs-supplies fit and multicultural experience is
outstanding and its coefficient is positive, implying that as long
as an additional unit is included in multicultural experience,
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TABLE 2 | Stepwise linear regression of person-environment fit and employee creativity (N = 543).

Dependent variable Model 1 Model 2 Model 3 Model 4 Model 5

B SE B SE B SE B SE B SE
Female —0.168** 0.072 —0.194**  0.072 —0.201**  0.072 —0.172** 0.072 —0.165%* 0.072
Age —0.018***  0.003 —0.016™**  0.003 —0.015"**  0.003 —0.015"** 0.003 —0.016"** 0.003
Education (primary school or lower = 0)
Junior high school —0.198 0.130 —0.196 0.129 —0.202 0.129 —0.210 —0.207 0.129 —0.207
High school -0.077 0.136 -0.143 0.137 -0.152 0.136 -0.128 -0.124 0.136 -0.124
College and higher 0.155 0.134 —0.009 0.148 —0.007 0.148 0.000 0.018 0.148 0.018
Multicultural experience 0.122* 0.049 —0.091 0.106 0.117* 0.049 0.105** 0.050
Demands-abilities fit (Neither fit = 0)
Both fit —0.218** 0.095 —0.237** 0.095
Either fit —0.288** 0.123 —0.288** 0.124
Both fit x multicultural experience 0.236** 0.109
Either fit x multicultural experience 0.326"* 0.149
Needs-supplies fit 0.105** 0.042 0.111**  0.042
needs-supplies fit x multicultural experience 0.082* 0.044
Constant 4.130%**  0.226 4.328***  0.236 43277 0.235 3.502***  0.290 3.497***  0.290
R? 0.109 0.130 0.139 0.130 0.135
Adjusted R? 0.101 0.117 0.123 0.118 0.122
AR? 0.109%** 0.021** 0.009* 0.021** 0.006*
F 13.141 9.976 8.622 11.372 10.427

*P < 0.1, **P < 0.05, ***P < 0.01, and ****P < 0.001.

the impact of needs-supplies fit on employee creativity increases
by 0.082. In other words, the impact of needs-supplies fit
on employee creativity increases with employees’ multicultural
experience getting richer.

DISCUSSION

Differing from former studies, this article has revealed that
demands-abilities fit produces a negative impact on employee
creativity (Wang and Sun, 2010; Zhang and Long, 2013). Wang
and Sun (2010) data analysis of 209 employees and their direct
superiors has pointed out that the matching degree between job
requirements and employee competence is markedly correlated
with creativity. Likewise, Zhang and Long (2013) has also proved
that demands-abilities fit exercises an outstanding and positive
effect on employee creativity by stimulating their innovation self-
efficacy. Their research focuses on creativity in the work process,
and the creativity of this article includes both work processes and
daily life.

Many past studies implied that employees with a low fit
lacked sufficient motivation to improve their professional skills
by indirect imitation and learning, thus failing to gain more
experience needed for more creativity (Shalley et al., 2004; Zhang
and Long, 2013). That being the case, when demands and
abilities mismatch, does the employee necessarily go through
frustration, low self-esteem, indifference, cognitive disorder,
or even disharmony (Chatman, 1991) which in turn inhibits
creativity? Livingstone et al. (1997) has discovered a U-shaped
relationship between demands-abilities fit and pressure. When
the individual’s perceived ability falls short of or exceeds the
job requirements, the pressure increases; conversely, when the

individual’s ability matches the job requirements, the pressure
is the minimum. That is to say, demands-abilities misfit puts
employees under considerable pressure. Despite that, pressure is
not always a conundrum (LePine et al., 2005; Podsakoff et al.,
2007), because pressure exposes competitive disadvantages to the
individual and forces them to employ new ideas and procedures
to solve problems (e.g., Hon et al., 2013). Being indicators of
abilities, education and skills have always been considered as
critical factors influencing creativity (Amabile, 1983, 1988; Cohen
and Levinthal, 1989), on which the research targets at specific
domains or specific tasks, such as art, literature, and music.
The measurement of creativity in this study does not involve
specific domains or specific tasks, but centering on the employee
creativity in entire workdays. Demands-abilities fit is a favorable
condition for the individual, but it is in this favorable condition
that employees may be more inclined to habitual actions and give
up on creative actions (Ford, 1996). On the contrary, when the
employee is in a misfit condition, pressure is more likely to inspire
employee creativity.

In terms of needs-supplies fit, it turns out that the higher
the needs-supplies fit, the greater the employee creativity. When
exploring the work context of creativity, Amabile et al. (1996)
suggest that the degree to which the individual’s work resources
are assigned (Amabile et al., 1996) is positively correlated with
creativity, but this hypothesis has not been proven yet. They
believe this may be related to the nature of individual needs
and work supplies as well as individual motivation (Amabile,
1983). This study delves into the reasonable level of material
treatment provided by the organization perceived by employees,
which not only includes the degree of fit, but also implies
the sense of fairness of employees. The more reasonable the
material treatment provided by the organization perceived by
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employees, the greater the needs-supplies fit on the one hand,
and the stronger the sense of fairness of employees on the
other. In spite of being external fit from its nature, the material
treatment can effectively raise the individual’s self-determination
and performance pressure to improve intrinsic motivation and
creativity (Eisenberger and Aselage, 2009). Moreover, employees
will compare their efforts and rewards. If employees perceive
that the treatment provided by the organization is fair, the
organization and the individual will form a driving force for social
exchange (Masterson et al., 2000), and the employee will work
hard to pay back for the organization’s care and trust. In such
case, employees may proactively seek creative ideas to improve
organizational processes or to develop new products and services
(Amabile et al., 1996).

According to some studies, multicultural experience is
conducive to promoting creativity (Lee and Kim, 2011;
Leikin, 2013). Yet, few have explored the moderating role of
multicultural experience in P-E fit and employee creativity.
This study has proved that multicultural experience plays a
moderating role in the impact of demands-abilities fit and needs-
supplies fit on employee creativity. Although the combination
of education and skills with organizational requirements is not
conducive to stimulating employee creativity, this negative effect
is weaker for employees with high multicultural experience
and stronger for employees with low multicultural experience.
Because employees with high multicultural experience learn new
concepts and ways of thinking in other cultures, it is easier
to get rid of the inherent thinking patterns, constantly form
new ideas and apply them to the practical process of problem
solving. When needs-supplies fit, compared with employees with
low multicultural experience, employees with high multicultural
experience have the ability to integrate diverse cultural. Together
with the proactive work motivation brought by needs-supplies
fit, They can better enhance their problem-solving creativity. The
inspiration drawn from this study to organizational management
is: the organization should attach great importance to the
creativity of employees with demands-abilities misfit, as well as
to the role of little multicultural experience while in a context of
deepening globalization, so as to expand employees’ multicultural
experience through a variety of approaches.

Limitations and Future Directions

In spite of some valuable research results obtained, there are
some limitations that should not be overlooked in this study.
The method of self-evaluation has been employed to measure
independent variables (demands-abilities fit and needs-supplies
fit), dependent variable (creativity), and moderator variable
(multicultural experience), of which the analysis results may be
influenced by common method variation. In order to avoid the
influence of common method variation, process control and
statistical test methods were adopted. In the process control,
the unnamed questionnaire method is adopted, and the items
measuring different variables are randomly arranged and mixed,
and the questionnaire is designed by using the reverse problem.
In the statistical test, we used Harman’s one-factor test, all the
items in the questionnaire scale were used for factor analysis,
and 5 factors were extracted from the principal component

analysis results when the rotation was not rotated, Total Variance
Explained is 69.635%. The first factor explained the variation was
25.415%, and the common method variation was not serious.
More methods will be used to avoid the influence of common
method variation in the future. Due to data limitations, this study
has probed into the relationship between personal-environment
fit, multicultural experience, and employee creativity from a
multicultural perspective. However, multicultural experience is
measured only from a bilingual perspective, and it will be
measured in multiple dimensions in future. In addition, as
pointed out by Zhao Zhiyu et al., “The research on cultural and
social psychology has undergone the paradigms of cross-cultural
psychology, cultural psychology, multicultural psychology, as
well as polycultural psychology emphasizing the influence of
intercultural relationships on psychological processes” (Chiu
et al, 2013). Under the polycultural psychology paradigm,
culture mixing has taken culture and psychology research a step
forward. Scholars have carried forward the research tradition of
multicultural psychology and have a profound understanding
of the forms and categories of intercultural interactions and
their social, cultural and psychological consequences thus caused
(Morris et al., 2015). On this account, the next-step research
should be carried out on the impact of cultural mixing on
employee creativity and its influencing mechanism.

CONCLUSION

In compliance with the complementary perspective of person-
environment fit, this study has dived into the relationship
between demands-abilities fit, needs-supplies fit and employee
creativity, as well as the impact of multicultural experience on the
relationship. It has been revealed that, unlike previous research
findings, employees with demands-abilities fit have lower
creativity than those with demands-abilities misfit; nevertheless,
the demands-abilities fit creates a growing impact on employee
creativity with increasing multicultural experience. Additionally,
the higher the needs-supplies fit, the stronger the employee
creativity; and, the needs-supplies fit creates a growing impact on
employee creativity with increasing multicultural experience.
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Jinghuan Zhang*, Xiao Han, Si Si and Shun Zhang*
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Exploring the possible mechanisms through which gene may interact with environment
to influence creativity has been one of the leading issues in creativity research. In a
sample of four hundred and twenty-one Chinese undergraduate students, the present
study investigated for the first time the interaction of TPH7 A779C polymorphism and
maternal parenting styles on creative potential. The results showed that there was
a significant interaction of TPH7 A779C polymorphism and maternal authoritarianism
on creative potential. Moreover, the analysis of regions of significance (Ros) provided
supporting evidences for both the diathesis-stress model (flexibility) and the differential
susceptibility model (originality). These findings extend our understanding concerning
the mechanisms by which gene and environment may act in coordination to contribute
to creativity.

Keywords: creativity, creative potential, TPH1, maternal authoritarianism, gene-environment interaction

INTRODUCTION

Recent developments in molecular genetics have inspired a number of studies to explore the genetic
correlates of creativity and to identify genes associated with creativity. Among the candidate genes,
the most extensively studied is the tryptophan hydroxylase 1 gene (TPHI). TPHI is located on
chromosome 11, and is expressed in both human central and peripheral nervous system (Zill
et al., 2007). The enzyme encoded by this gene is the rate-limiting enzyme in the biosynthesis of
serotonin, and regulates serotonin levels by converting tryptophan to 5-hydroxytryptophan which
is the direct precursor of serotonin (Hamon et al., 1981).

Previous studies examining the association of TPHI and creative potential generally focused
on the role of TPHI A779C polymorphism (rs1799913), but yielded inconsistent results (Reuter
et al., 2006; Runco et al., 2011; Zhang and Zhang, 2017). Reuter et al. (2006) first examined the
association of TPHI A779C polymorphism and creative potential, and the results indicated that
this polymorphism was associated with total creative potential score. Based on Reuter et al.’s work,
Runco et al. (2011) further investigated the association of TPHI A779C polymorphism and the
three core dimensions (fluency, flexibility, and originality) of creative potential, and demonstrated
that TPHI A779C polymorphism was only associated with fluency. By including both tag single
nucleotide polymorphisms (SNPs) and functional SNPs, Zhang and Zhang (2017) recently for
the first time systematically explored the association of TPHI and creative potential, but found
that TPH1 A779C polymorphism was not related to any of the three core dimensions of creative
potential.
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As for these inconsistent results, there are a number of
possible reasons (e.g., sample size, age, and gender). However,
since creativity, like most of other complex traits, is determined
by the interplay of gene and environment, it is reasonable to
suspect that the primary reason that accounts for the discrepancy
may be attributed to the neglect of gene-environment (G x E)
interaction (Rutter et al., 2006).

One possible environmental factor that may interact with
TPHI A779C polymorphism to influence creative potential
is maternal parenting styles. Parenting styles represent the
emotional connections and the quality of contacts parents make
with their children, and it has been shown that maternal
parenting styles are critical environmental factors for individual’s
creativity (Nichols, 1964; Lim and Smith, 2008). Existing studies
regarding the relationship between maternal parenting styles
and creativity have yielded inconsistent results (Miller et al,
2012; Fearon et al, 2013; Mehrinejad et al, 2015), while a
recent study provided a new perspective to re-evaluate the
relationship by showing that DRD2 genotype (rs1799732) could
interact with maternal parenting styles to affect creative potential
(Si et al, 2018). This finding suggested that the influence of
maternal parenting styles on creativity may depend on the
genotypes of specific genes, and the true effect of relevant
genes on creativity may not be detected unless the target
sample is stratified by environmental factors (e.g., maternal
parenting styles). Thus, to test whether the discrepancy regarding
the effect of TPHI A779C polymorphism on creativity is
caused by the neglect of potential G x E interaction, the
present study was designed to examine the interaction of
TPHI A779C polymorphism and maternal parenting styles on
creative potential. It is hypothesized that creative potential
of individuals carrying different genotypes of TPHI A779C
polymorphism may be differently affected by maternal parenting
styles.

To interpret the mechanisms by which gene may interact
with environment, two overarching theoretical perspectives have
been proposed: the diathesis-stress model and the differential
susceptibility model. The diathesis-stress model largely focuses
on the negative environments and suggests that only individuals
with the “risk” alleles are more prone to be affected by
negative environments (Belsky, 1997; Caspi and Moffitt, 2006).
In contrast, the differential susceptibility model focuses on
both the positive and the negative environments, and suggests
that genes could be “plasticity” rather than “risk.” Individuals
with the “plasticity” alleles are not only adversely affected by
negative environments, but also benefit the most from positive
environments (Belsky and Pluess, 2009; Ellis et al, 2011).
Among the two perspectives, the diathesis-stress model is most
commonly employed, and most of the extant studies regarding
G x E interaction have been conducted under this framework
(Monroe and Simons, 1991; Burmeister et al., 2008). However,
there has also been a rapid growing body of supporting evidence
has highlighted the importance of the differential susceptibility
model. For example, a recently published meta-analysis showed
that many studies, especially in the last 5 years, have found
supporting evidence for the differential susceptibility model
(Slagt et al., 2016).

As for creativity, to the best of the authors’ knowledge, there
has been only one study that has examined G x E interaction.
Although the study found a significant interaction of DRD2 and
parenting styles on creative potential (Si et al., 2018), whether
the finding would be consistent with the diathesis-stress model
or the differential susceptibility model was not systematically
tested. Thus, until now, little is known about the exact G x E
interaction pattern for creativity. To further clarify the G x E
interaction pattern for creativity as well as to better explain
the potential interaction of TPHI A779C polymorphism and
maternal parenting styles, the present study also examined
whether the potential gene X parenting interaction would
coincide with the diathesis-stress model or the differential
susceptibility model.

MATERIALS AND METHODS

Participants

The participants were four hundred and twenty-one unrelated
healthy Han Chinese undergraduate students from Shandong
Normal University (100 males and 321 females, mean
age = 18.92 years old). The present study was approved by
the Institutional Review Board of Shandong Normal University.
Written informed consent was obtained from each participant.

Measures

Creative Potential

Creative potential was assessed by three Uses tasks selected
from Runco’s Creativity Assessment Battery (rCAB). The Uses
tasks asked the participants to list as many as possible uses for
three common subjects (toothbrush, tire, and spoon), and were
comparable to other assessments of creative potential (Wallach
and Kogan, 1965; Guilford, 1968). For each task, four-minute
was allowed. The tasks were scored for the three core dimensions
of creative potential (fluency, flexibility, and originality). Fluency
score was the total number of responses given by the participant.
Flexibility score was the number of different categories of the
participant’s responses. Originality score was the number of
unusual responses (given by less than 5% of the sample). Two
trained raters scored all three tasks. The inter-rater reliabilities
for all three scores were higher than 0.95.

Maternal Parenting Styles

Maternal parenting styles were self-reported by participants
using the Parental Authority Questionnaire (PAQ) which was
developed to measure the authoritative, authoritarian and
permissive parental authority prototypes proposed by Baumrind
(1971). It consisted of 30 items rated on a 5-point scale
ranging from 1 (weakly disagree) to 5 (strongly agree). The
Cronbach’s alpha for maternal authoritative parenting, maternal
authoritarian parenting and maternal permissive parenting was
0.75, 0.77, and 0.64, respectively.

Genotyping
Peripheral venous blood samples from each participant were
first collected with the assistance of medical staff. Genomic
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DNA was extracted from peripheral venous blood samples by
using the Qiagen QIAamp DNA Mini Kit. Genotyping for TPHI
A779C polymorphism were performed at Beijing Genomics
Institute-Shenzhen by using the Sequenom MassARRAY iPLEX
system according to the manufacturer’s instructions. For quality
control, 5% random DNA samples were genotyped twice to
calculate genotyping error. The genotyping accuracy was 100%.

Statistical Analysis

To test the interaction of TPHI A779C polymorphism and
maternal parenting styles on creative potential, hierarchical
multiple linear regression was conducted by using SPSS version
24.0. The procedure was as follows: covariates (gender) were
entered in the first step to control for the confounding effects.
The main effect of TPHI A779C polymorphism (dummy-coded
as 0 = CC versus 1 = AA/AC) and maternal parenting styles
were entered in the second step. Finally, the interaction terms for
TPHI1 A779C polymorphism and maternal parenting styles were
added in the third step. When significant interaction was found,
simple slope analysis was conducted by using the PROCESS
macro for SPSS version 2.16 (Hayes, 2013).

To test whether the significant G x E interaction supported
the diathesis-stress or the differential susceptibility model, the
analysis of regions of significance (RoS) recommended by
Roisman et al. (2012) was carried out by using a web-based
program'. Briefly, this analysis includes three indexes and a test
for non-linearity. First, the RoS on X index (Ros X) represents
the upper and lower bounds of values for the predictor (X)
at which the regression of the outcome (Y) on the moderator
(2) is statistically significant. If the association between the
moderator (Z) and the outcome (Y) is significant at both the
upper and lower ends of the predictor (X) within 4+/—2 SD, then
the differential susceptibility model is supported. Second, the
proportion of interaction index (Pol) measures the proportion
of the total interaction that is represented on the right side or
the left side of the crossover point for the interaction, indicating
how much a crossover interaction is “for better” or “for worse.”
Pol values between around 0.40 and 0.60 indicate an interaction

'http://www.yourpersonality.net/interaction/

highly consistent with the differential susceptibility model, while
Pol values close to 0 or 1 suggest strong supporting evidence
for the diathesis-stress model. Third, the proportion affected
index (PA) estimates the proportion of the population that is
differentially affected by the moderator (Z). PA values around
0.50 indicate strong evidence for the differential susceptibility
model, while PA values close to 0 or 1 provide strong evidence
for the diathesis-stress model. Finally, the test of non-linear
effects ascertains whether the apparent differential susceptibility
effect could be artifacts of imposing a linear model on a non-
linear diathesis-stress phenomenon. To support the differential
susceptibility effect, the results of the model must show that the
linear interaction term remains significant after controlling for
the non-linear terms (quadratic effects: X*> and ZX?).

RESULTS

Descriptive Statistics

The number of participants as well as the frequencies for TPHI
A779C polymorphism genotypes were CC (130, 30.9%), AC (201,
47.7%), and AA (90, 21.4%), respectively. No deviation from
Hardy-Weinberg equilibrium was observed (p = 0.49). Table 1
shows the descriptive statistics and the correlation matrix. Most
notably, maternal authoritativeness was positively correlated with
fluency and originality. Neither TPHI A779C polymorphism nor
other maternal parenting styles was correlated with the three
scores of creative potential.

Regression Models

Hierarchical multiple linear regression analysis revealed
significant TPHI A779C polymorphism x maternal
authoritarianism interactions on flexibility and originality
(Table 2). No other significant interactions was observed (see
Supplementary Tables S1-S3). For the significant TPHI A779C
polymorphism x maternal authoritarianism interactions,
simple slopes analysis showed that maternal authoritarianism
marginally negatively predicted flexibility for individuals with
the CC genotype (B = —0.187, t = —1.96, p = 0.05), but not for
those with the AA/AC genotype (f = 0.043, t = 0.757, p > 0.05);

TABLE 1 | Descriptive statistics and correlations among the studied variables.

1 2 3 4 5 6 7 8
1. Gender 1
2. TPH1 A779C polymorphism 0.035 1
3. M-authoritativeness 0.031 —0.013 1
4. M-authoritarianism 0.072 0.065 —0.248** 1
5. M-permissiveness —0.038 —0.007 0.222%* —0.245%* 1
6. Fluency —0.151** 0.057 0.110* —0.020 0.075 1
7. Flexibility —0.052 0.066 0.050 —0.016 0.065 0.789** 1
8. Originality —0.050 0.015 0.118* —0.033 0.022 0.845** 0.657** 1
M - — 25.43 13.44 17.57 8.41 4.42 2.583
SD — — 5.48 6.41 4.58 2.92 1.09 1.69

*n < 0.05, **p < 0.01. M-authoritativeness, maternal authoritativeness; M-authoritarianism, maternal authoritarianism; M-permissiveness, maternal permissiveness;
Gender was dummy-coded as 0, female versus 1, male; Genotypes of TPH1 A779C polymorphism were dummy-coded as 0, CC versus 1, AA/AC.
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authoritarianism

TPH1

0.026 0.539

0.019 0.384 0.096 (0.179)

0.069 (0.179)

0.075 1.54
2.07*

0.177 (0.115)
0.039 (0.019)

1.41

0.069

0.162 (0.115)

0.120 2.46*

0.072 (0.029)

0.101

authoritarianism x TPH1

Model
RZ

0.018

0.004

0.002

0.018

0.008

0.003
0.003

0.014

0.001

0.002

0.010

0.005

AR?

*p < 0.05; M-authoritarianism, maternal authoritarianism,; Gender was dummy-coded as 0, female versus 1, male; Genotypes of TPH1 A779C polymorphism were dummy-coded as 0, CC versus 1, AA/AC.

maternal authoritarianism negatively predicted originality for
individuals with the CC genotype (B = —0.232, t = —2.43,
p < 0.05), but not for those with the AA/AC genotype (p = 0.041,
t=0.714, p > 0.05) (Figures 1A,B).

Analysis of RoS

For flexibility, the analysis of RoS provided supporting evidence
for the diathesis-stress model (Figure 1A and Table 3). The RoS
on X test revealed that the regression of flexibility on TPHI
A779C polymorphism was significant at the upper bound of
maternal authoritarianism within +2 SD of the mean, but the
lower bound was less than —2 SD. The Pol indexes suggested that
less than 20% of the interaction occurred left of the crossover
point (because maternal authoritarianism negatively predicted
flexibility, the left of the crossover point represents “for better”),
whereas over 80% was right of the crossover point (“for worse”).
The PA indexes indicated that 24% of individuals were affected
“for better” (also because maternal authoritarianism negatively
predicted flexibility), while 76% were affected “for worse.”

For originality, the analysis of RoS demonstrated supporting
evidence for the differential susceptibility model (Figure 1B and
Table 3). The RoS on X test revealed that the regression of
originality on TPHI1 A779C polymorphism was significant at
both the upper and lower bound of maternal authoritarianism
within +/—2 SD of the mean. Both the Pol and the PA indexes
were close to 0.50. Test of non-linearity revealed significant
quadratic effects of X?> (maternal authoritarianism x maternal
authoritarianism interaction). However, when controlling for the
non-linear term by adding it to the original model, the interaction
of TPHI A779C polymorphism and maternal authoritarianism
remained statistically significant.

DISCUSSION

Previous research focused on the effect of TPHI A779C
polymorphism and parenting styles on creative potential has both
produced mixed results; however, the exact reason concerning
the discrepancies has not yet been identified. By revealing
the interaction of TPHI A779C polymorphism and maternal
parenting styles on creative potential, the present study suggested
that the neglect of potential G x E interaction might be one of the
primary reasons that account for the discrepancies.

In the present study, significant interaction of TPHI A779C
polymorphism and maternal authoritarianism was found on
creative potential. It was shown that the negative effect of
maternal authoritarianism on creative potential was only present
for individuals with the CC genotype, but not for those with
the AA/AC genotype, suggesting that the CC genotype might be
more sensitive to high maternal authoritarianism.

The TPHI encodes the rate-limiting enzyme for serotonin
biosynthesis in the neurons of the raphe nuclei (Nakamura
et al, 2006; Zill et al., 2007), and thus regulates serotonin
levels and influences behaviors controlled by serotonin. Among
TPHI-related genetic variants, the most extensively studied is
the A779C polymorphism. The A779C polymorphism is located
in the intron regions of TPHI. Although not directly leading
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FIGURE 1 | The interaction of TPH7 A779C polymorphism and maternal authoritarianism on creative potential. The gray shaded areas represent regions of
significance (RoS) on X and denote where the two lines differ significantly from each other within +/—2 SD. The triangular pink shaded areas depict the proportion of
the interaction (Pol). Graph (A) demonstrates a diathesis-stress effect: the CC genotype differed from the AA/AC genotype, showing significantly lower flexibility
when there was high maternal authoritarianism. Graph (B) demonstrates a differential susceptibility effect: the CC genotype, with respect to the AA/AC genotype,
showing significantly higher originality when there was low maternal authoritarianism, as well as significantly lower originality when there was high maternal
authoritarianism. The figure was produced by using a web-based program developed by Chris Fraley http://www.yourpersonality.net/interaction/ to perform the RoS
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to functional change in protein coding, this polymorphism
may affect TPH1 expression by influencing the binding affinity
of GATA-1 transcription factor (Nielsen et al, 1997). And
it has been shown that this polymorphism was associated
with individual differences in serotonin production and basal
serotonin levels. Compared with the AA/AC genotype, the CC
genotype was associated with higher serotonin production and
higher basal serotonin levels (Jonsson et al., 1997).

Serotonin plays a pivotal role in stress management (Chaouloff
etal., 1999; Chaouloft, 2000; Holmes, 2008). Serotonin released in
response to psychological stress has been demonstrated to serve
a stress-buffering function to attenuate the damaging effect, and
thus increases the modulatory capacity of the stress response
system (Mitchell et al., 1990; Gesing et al., 2001; Laplante et al,,
2002). During childhood period, parents largely control and
moderate children’s life and social environment, and are therefore
the main sources of stress to children. Children exposed to
harsh parenting, such as high maternal authoritarianism, may
perceive the environment as stressful and experience higher levels
of psychological control and stress (Deater-Deckard, 1998). To
mitigate the damaging effect of high maternal parenting stress, a
persistent release of serotonin as well as a prolonged activation
of serotonin production may be instinctively induced. Obviously,
this process could benefit children by protecting them from
the damaging effect of psychological stress associated with high
maternal authoritarian parenting; however, accompanied by this
process, there might also be long term neurobiological influences
on brain development and cognitive functions.

Creativity might be among the cognitive functions that being
influenced by this process. Previous findings concerning the

effect of serotonin on creativity have suggested that serotonin
plays an important but complex role in creativity. While lower
serotonin levels may harm creativity by decreasing cognitive
flexibility, higher serotonin levels may also impair creativity
by decreasing approach motivation and avoidance motivation
(Nutt et al., 2007; Cools et al., 2008; Flaherty, 2011). This
complicated relationship has particularly important implications
for understanding the influence of the prolonged serotonin
production on creativity: since the overall higher serotonin
levels may harm creativity, when considering the effect of the
prolonged serotonin release on creativity, individual differences
in serotonin production and basal serotonin levels must be
taken into account. And this may partially explain why the
negative effect of maternal authoritarianism on creative potential
was only present for individuals with the CC genotype. As
mentioned above, for individuals exposed to high maternal
authoritarianism, a prolonged activation of serotonin production
may be instinctively induced to mitigate the negative effect of
high psychological stress. Besides increasing the modulatory
capacity of stress, the elevated serotonin levels may also exert
an effect on individuals’ creative potential. Importantly, for
individuals who were of higher serotonin production and higher
basal serotonin levels (CC genotype), the prolonged activation
of serotonin production may result in excessive overall serotonin
levels, and thus finally impairs creative potential.

To clarify the G x E interaction pattern for the significant
interaction of TPHI A779C polymorphism and maternal
authoritarianism on creative potential, the present study also
examined whether the interaction would coincide with the
diathesis-stress model or the differential susceptibility model.
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The RoS analysis provided interesting results by showing
supporting evidence for both the diathesis-stress model and the
differential susceptibility model. For flexibility, it was found that
the interaction was consistent with the diathesis-stress model,
such that individuals with the CC genotype showed lower
flexibility than those of the AA/AC genotypes when there was
high maternal authoritarianism, and there was no differences
when there was low maternal authoritarianism; while for
originality, the differential susceptibility model best explained the
interaction, in which individuals with the CC genotype showed
higher originality than those of the AA/AC genotype when
there was low maternal authoritarianism (i.e., “for better effects”
when environment is supportive; the absence of adversities
could also be considered as a type of positive environment)
but lower originality than those of the AA/AC genotype when
there was high maternal authoritarianism (i.e., “for worse effects”
when environment is adverse). These findings suggested that
the potential mechanisms underlying the G x E interaction on
creativity might be complicated. For different dimensions of
creativity, there might be different G x E interaction patterns,
and genes could be either “risk” or “plasticity” to modulate the
effect of environment on creativity.

Moreover, although three different maternal parenting styles
were tested in the present study, only maternal authoritarianism
was found to be interacted with TPHI A779C polymorphism
to influence creative potential. This result was coincided with
previous finding that, among the three different parenting styles,
only authoritarian parenting interacted with DRD2 to affect
creative potential (Si et al, 2018). These evidences together
suggested that, unlike authoritative or permissive parenting
styles, the effect of authoritarian parenting on creativity might
be more dependent on individuals’ genetic predispositions. For
individuals with particular predispositions (e.g., the CC genotype
of TPHI A779C polymorphism), to maximize their creative
potential, avoiding the effect of adverse environment (e.g., high
authoritarian parenting) might be at least as important as, or even
more important than proactively creating positive environment
(e.g., authoritative parenting).

Several limitations of the present study should be noted.
First, the degree to which these findings could generalize to
other samples is not clear. Since the participants of the present
study were only Han Chinese undergraduate students, replication
studies across different age and ethnic groups are necessary.
Second, maternal parenting styles were only measured by
self-report in the present study, thus the participants’ responses
may have been subject to recall bias. Future studies combining
both family observation and multi-angle measurement (e.g.,
mother’s report and other’s report) of maternal parenting styles
are guaranteed to provide more comprehensive and convincing
results. Third, although the present study provides plausible
explanation for the significant interactions, the exact mechanisms
underlying these interactions remains to be clarified and refined.
Because serotonin is involved in multiple emotional, cognitive
and behavioral control process and the modulation of serotonin
transmission is a complex network of different biological process
(Barnes and Sharp, 1999; Meneses, 1999; Robbins and Roberts,
2007; Cools, 2012; Jenkins et al., 2016), sorting out the nature of

Frontiers in Psychology | www.frontiersin.org

November 2018 | Volume 9 | Article 2106


https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Zhang et al.

TPH1, Maternal Parenting Styles and Creativity

the interactions remains an interpretive challenge. Future studies
are required to reveal both the psychological and the biological
mechanisms of the interactions. For example, since serotonin
has important effects on intelligence-related cognitive functions
and intelligence is closely related to creativity (Silvia, 2015;
Karwowski et al., 2016), it is possible that general intelligence
may contribute to the interaction of TPH1 A779C polymorphism
and maternal authoritarianism on creative potential. However,
since intelligence was not measured in the present study, this
hypothesis could not be examined. Future studies are warranted
to test this hypothesis. And it has also to be elucidated
whether the effect of serotonin is directly exerted or by an
indirectly interaction with the dopamine system, since it has been
shown that serotonin can inhibit dopamine activation (Porras
etal., 2002; Abi-Dargham, 2007). Moreover, recent genome-wide
association studies (GWAS) of complex traits have shown that
most complex phenotypes are highly polygenic (Manolio et al.,
2009; Gratten et al., 2014; Robinson et al, 2014). As for
creativity, this situation may also hold true. Since only one
genetic variant (TPHI A779C polymorphism) was examined in
the present study, the full contribution of gene and parenting
styles interaction to creativity was far more from being revealed.
For future studies aimed to fully uncover the interaction of gene
and parenting styles on creativity, polygenic score derived from
GWAS of creativity may be an ideal candidate genetic index to
test the interaction of genes and parenting styles. And there has
been one successful attempt using GWAS data to explore both the
neural and genetic determinants of creativity (Liu et al., 2018).
In conclusion, the present study shows the first evidence for
the interaction of TPHI A779C polymorphism and maternal
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Insight is an important cognitive process in creative thinking. The present research
applied embodied cognitive perspective to explore the effect of embodied guidance
on insight problem solving and its underlying mechanisms by two experiments.
Experiment 1 used the matchstick arithmetic problem to explore the role of embodied
gestures guidance in problem solving. The results showed that the embodied gestures
facilitate the participants’ performance. Experiment 2 investigated how embodied
attention guidance affects insight problem solving. The results showed that participants
performed better in prototypical guidance condition. Experiment 2a adopted the
Duncker’s radiation problem to explore how embodied behavior and prototypical
guidance influence problem solving by attention tracing techniques. Experiment 2b
aimed to further examine whether implicit attention transfer was the real cause
which resulted in participants over-performing in prototypical guidance condition in
Experiment 2a. The results demonstrated that overt physical motion was unnecessary
for individuals to experience the benefits of embodied guidance in problem solving,
which supported the reciprocal relation hypothesis of saccades and attention. In
addition, the questionnaire completed after experiments showed that participants did
not realize the relation between guidance and insight problem solving. Taken together,
the current study provided further evidence for that embodied gesture and embodied
attention both facilitated the insight problem solving and the facilitation is implicit.

Keywords: insight problem solving, creativity, attention guidance, embodied effect, eye movement track

INTRODUCTION

Insight is an important cognitive process in creative thinking. Exploring insight and its underlying
mechanism helped us understand creative thinking better. Insight is a special form of problem
solving, namely insight problem solving. Other than solving general problem, individuals cannot
specifically explain problem solving steps or process; insight problem solving is an “aha” experience
in which participants suddenly and intuitively understand complex situations or seize the key to the
problem (Bowden and Jung-Beeman, 2007). The well-established cognitive theories interpreting
insight problem solving are representational change theory, progress monitor theory, and prototype
heuristic theory (Zhang et al., 2004). However, recently increasing attention has been focused on
how individual’s body (e.g., feelings, motion, and active state) influences problem representation
and transformation (Stepper and Strack, 1993; Williams and Bargh, 2008; Ball and Litchfield, 2017).

Frontiers in Psychology | www.frontiersin.org 82

November 2018 | Volume 9 | Article 2257


https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2018.02257
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fpsyg.2018.02257
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2018.02257&domain=pdf&date_stamp=2018-11-26
https://www.frontiersin.org/articles/10.3389/fpsyg.2018.02257/full
http://loop.frontiersin.org/people/536666/overview
http://loop.frontiersin.org/people/545640/overview
http://loop.frontiersin.org/people/545656/overview
http://loop.frontiersin.org/people/642219/overview
http://loop.frontiersin.org/people/224090/overview
http://loop.frontiersin.org/people/642096/overview
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Xing et al.

Embodied Guidance Insight Problem Solving

It has been realized that human cognition relies on body and
sensory motor system, while body plays an essential role in the
cognitive process. The bodied behavior is not only influenced by
internal cognitive processes, but also affects cognitive processes
conversely (Brouillet et al, 2010; Hao-Sheng, 2011; Jones,
2017). How do embodied behavior influence insight problem
solving, and could embodied cognition theory interpret insight
problem solving process? Although some studies have found
that embodied behavior and active state promotes problem
solving (Bowden and Jung-Beeman, 2007; Cook et al., 2008;
Cook and Tanenhaus, 2009; Schubert and Semin, 2009; Werner
and Raab, 2014), how the effect works is not clear. Hence, it
is necessary to explore how embodied behavior and active state
influences insight problem solving using embodied cognition
theory. The present study aimed to explore the function and
underlying mechanisms about how embodied guidance affect
insight problem solving.

Embodied cognitive can be understood that cognition is
influenced by the environment and the body, including its
potential actions (Adam and Galinsky, 2012; Goldinger et al.,
2016). Embodied effect refers to changes in cognition, attitude,
social perception, emotion, and others related to the tasks
involved when experience or simulate the movement or state
of body, and this kind of functional dependence theory is
embodied theory (Qiu-Ping et al., 2011; Horchak et al., 2014).
According to embodied theory, bodied behavior and states of
the body could change cognitive status (Wilson and Sabrina,
2013). The insight experience is a special experience in the
process of insight problem solving, and it existed in the whole
process of insight problem solving (Shen et al, 2015). Shen
et al. (2018b) showed that insight experience was a complex,
multidimensional construction with cognitive, affective, and
embodied characteristics. Some researches supported that insight
problem solving or insight experience is embodied (Leung et al.,
2012; Jarman, 2014). And some studies found that gestures
or speech could help to understand knowledge and solve
problems. The information of problem would lead into mental
representation by gestures or speech, then promote thinking and
problem solving (Broaders et al., 2007; Cook et al., 2008; Cook
and Tanenhaus, 2009; Beilock and Goldin-Meadow, 2010; Cook
et al,, 2010; Chu and Kita, 2011). Chu and Kita (2011) used
mental rotation task and origami task to investigate whether the
gesture can improve visual space problem solving, and the results
showed that the group allowed to use gestures performed better
in task than that not allowed to use gestures, which indicates that
gestures not only reflect the process of thinking, but also affect it
and then promote problem solving.

Previous research have found that embody gestures or speech
play an important role in promoting insight problems solving,
and others have found that body movement also affects the
insight problems solving, such as patterns of eye movement or
attention (Knoblich et al., 2001; Grant and Spivey, 2003; Thomas
and Lleras, 2007, 2009; Litchfield and Ball, 2011; Werner and
Raab, 2014). Knoblich et al. (2001) used matchstick equation
problems by eye movement technology to investigate mechanism
of insight problem solving. They found that the behavior of
eyes gazing on problem characteristics revealed the mechanism

of the predicament and insight. It was found that individuals
tended to focus their look differently at the former and later
stage of problem solving. Problem solving winners tended to
shift their attention to the key areas before the occurrence of
insight. Grant and Spivey (2003) demonstrated that there is
relation between eye movement and the cognitive process. They
used tumors-laser radiation problem (Duncker and Lees, 1945)
and recorded eye movement of participants. The result showed
that problem solving winners gazed at the skin area more and
made more fixation and switch of skin-crossing in-and out. This
pattern of eye movements could draw the outline of solution to
problems. Litchfield and Ball (2011) found that other people’s
eye movement patterns could also guide participants in insight
problems solving. It is concluded that eye movement leads the
cognitive process of problem solving. Based on this, can it be
possible to improve the accuracy of problem solving by giving
problem solvers a hint of attention or guiding them to pay
attention to the key areas of problem solving? Therefore, a
task was designed to guide the individuals’ eye movement and
reflect the pattern of problem solving by moving their eyes,
so as to explore prototypical guidance mechanism of insight
solution. Research found that heuristic prototype was important
in solving scientific innovation insight problems (Yang et al,
2016).

In addition, it was still controversial whether an individual
can realize the process of insight problem solving. Most research
found that the process of insight problem solving is implicit, and
individuals do not realize the hints of problem solving (Grant and
Spivey, 2003; Ollinger et al., 2013; Riffert, 2013; Branchini et al.,
2016). Ollinger et al. (2013) on eight-coin problem found that
implicit use the third dimension to find the solution. Conversely,
some research found individuals are aware of the hints or trains
(Dow and Mayer, 2004; Patrick and Ahmed, 2014). It may be
related to feature of the problem hints or trains. Therefore, we
intended to explore whether individuals realize the connection
between embodied guidance and problem solving in this study,
and it is inferred that the process of insight problem solving is
implicit or explicit.

To sum up, some studies have found that embodied behavior
and eye movement could guide individual thinking, thus affect
problem solving. However, it is still not clear what the underlying
mechanism is between the embodied active state and cognition.
Therefore, we used the eye movement technology to explore
how embodied guidance influences insight problem solving
and its underlying mechanisms. And whether the embodied
effect of insight problem solving truly need external behavior
or just only internal attention-transfer? The present study
consisted of two experiments, respectively, to explore the effects
of embodied behavior and embodied attention guidance on
insight problem solving, and the mechanism of embodied
effect in insight problem solving. In Experiment 1, we used
matchstick arithmetic problem to explore the role of embodied
behavior (gestures guidance and speech guidance) in problem
solving. The matchstick arithmetic problem is the most suitable
experimental material to explore the problem representation
influencing the problem solving for it has different degrees of
representation transformation. In Experiment 2a, we adopted
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the Duncker’s radiation problem to explore how embodied
behavior and prototypical guidance influence problem solving
by attention tracing techniques. In Experiment 2b, aimed to
further examine whether implicit attention transfer was the
real cause which resulted in participants over-performing in
prototypical guidance condition in Experiment 2a. We used
Duncker’s radiation problem as Experiment 2 material because
the components of the problem and its answer are relatively
simple. There are three components (tumor, healthy tissue, and
skin outside) and the answer involves only two key components
(low-density multiple lasers). It not only allows us to achieve
embodied attention guidance through digital tracking tasks,
but also to operate different digital tracking tasks to study
the impact of prototype heuristic on the insight problem
solving.

EXPERIMENT 1

Materials and Methods

Participants

Ninety-two undergraduate students (55 females, mean
age = 22.56 years, SD = 3.82) were recruited for course
credit or proper reward. All participants reported normal or
corrected to normal vision. They signed the informed consent
and they had not participated in similar experiments before. All
participants were randomly assigned to four groups.

Design

The design of Experiment 1 was a single factor between
participants. The independent variable is guidance pattern
(gestures guidance, speech guidance, mix guidance, no guidance).
The accuracy, reaction time, fixation duration, and the number of
fixation of each areas of interest (AOI) are dependent variable.

Materials and Apparatus

We collected 70 matchstick arithmetic problems in total by
looking up the online math problem library and various
books. All arithmetic did not exceed two digits (41 addition;
29 subtraction), including 40 numerical constraint problem,
30 symbol constraint problem. Numerical constraint problem
refers to that participants need to change the figure to make
equation valid in this kind of problem while they have to
change the operation symbol in symbol constraint problem.
All materials were made in Photoshop with font being Time
New Roman, font size being 72, white background, and black
character.

Sixteen additional undergraduate students (7 females, mean
age = 20 years, SD = 2), who had no prior experience in
solving matchstick arithmetic problems, were asked to evaluate
the difficulty of problems by five points. In order to balance
the order of problems, half of the participants made evaluation
in the order from the front to the back, while the other half
otherwise. Finally, 23 matchstick arithmetic problems (excluding
17 more than the only answer problems, 11 interacted problems,
and 19 too hard or too easy problems) were chosen as experiment
materials. The difficulty is moderate (M = 2.87). The numerical

constraint problem is more difficult than symbolic constraint
problem. The problem type of matchstick arithmetic is shown in
Figure 1.

An SR Research (Mississauga, ON, Canada) EyeLink Plus Eye-
Tracking System recorded participants’ eye movements with a
sampling rate of 500 Hz. This eye tracker has a high spatial (0.01°
of visual angle) using pupil tracking and corneal reflection. The
materials were displayed on a 19-in Dell monitor with a refresh
rate of 75 Hz (resolution 1,024 x 768 pixels), and the viewing
distance was approximately 60 cm. Viewing was binocular and
only right eye was tracked as permitted by the quality of the
calibration for right eye. The experiment was run with E-Prime
1.10 software.

Procedure

There were four experimental conditions: Gesture guidance
condition (G): after each problem is presented, participants were
asked to draw a horizontal line on the left of it using left hand
and another one using right hand. Speech guidance condition (S):
after each problem is presented, participants were asked to utter
the phase “How can you do to complete the equation by moving
only one matchstick?” Mix guidance (M): after each problem is
presented, participants were asked to perform both. Control (no
guidance) condition (C): without any guidance.

There were 23 trials in Experiment 1. The matchstick
arithmetic problems were lasting on the screen for 50 s, during
which participants were asked to make the equation valid by
moving only one matchstick. If participants came up with
the answer, they should report it orally and the experimenter
would record it, otherwise the next problem would be presented
after 50 s.

At the end of the experiment, participants were asked to assess
the difficulty of the problem by five point, whose scale ranging
from 1 (very difficult to solve) to 5 (very easy to solve). The
sense of surprise about problems solving by five points, whose
scale ranging from 1 (very surprised) to 5 (not surprised at all).
Participants should also answer that whether they realize the
connection between guidance and problem solving? 1 refers to
no relation, 2 guidance providing clues and hints, and 3 guidance
interfering thinking. The detailed procedures of the experiment
are in Figure 2.

Results
Post-experiment Questionnaires Analyses
Post-experiment questionnaires aimed to find out whether
participants realized the connection between guidance and
problem solving, and the results showed that 5 participants
realized that there was a link between the guidance and problem
solving (2 in G condition, 3 in M condition), the other 87
participants didn’t realize the connection. Data of 85 participants
were in final analysis excluding 5 realizing the connection and
2 uncompleted recording. The results of difficulty level and
the sense of surprise about problem solving are shown in
Table 1.

Chi-square test showed that there was no significant difference
in four experimental conditions: xfg) = 12.634, p = 0.180.
It indicated that experimental condition did not affect the
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TABLE 1 | Evaluation of difficulty level and the sense of surprise about problem solving (one).

Guidance condition Difficulty level of problem

A sense of surprise

1 2 3 4 5 1 2 3 4 5
G 1 5 13 3 0 0 12 7 3 0
S 2 9 1 0 2 8 9 1 1
M 0 9 5 0 0 4 8 0
C 0 9 12 1 0 0 7 12 1 2
G is the gesture guidance condition; S is the speech guidance condition; M is the mix guidance condition; and C is the control condition.

solution of the problem. There was a significant difference in
the sense of surprise: X%IZ) = 25953, p = 0.011, suggesting
that participants had different “aha” experience in the four
experimental conditions.

Accuracy, Reaction Time, and Ratio of Accuracy
Analyses

To test the effect of different guidance conditions on insight
problem solving, we analyzed the accuracy and response time
in different guidance conditions. And we analyzed the ratio
of accuracy in different guidance conditions to test the effect
of different guidance conditions on problem type. A one-
way ANOVA showed that there was a significant difference in
accuracy under different experimental conditions, F(3 1) = 4.863,
p = 0.004, nf, = 0.152. And there was a significant difference
in reaction time under different experimental conditions,

Fisny = 4208, p = 0.008, 1 = 1.348. After the Tukey-
HSD examination, accuracy in both G and M condition was
significantly higher than that in S condition (p = 0.043, p = 0.004).
Accuracy in both G and M condition was significantly higher than
C condition (p = 0.023, p = 0.002). Response time in G condition
was significantly shorter than C condition (p = 0.002). There were
not significant different in other conditions (p > 0.05). The result
showed that the accuracy was the highest and the response time
was shortest in the gesture guidance condition. It suggested that
the gesture guidance promoted the insight problem solving. The
results were shown in Figure 3.

A two-way repeated measures ANVOA with guidance
condition and problem type on ratio of accuracy showed that
the main effect of guidance condition was not significant,
Fi81y = 1590, p = 0.098, nf) = 0.056. The main effect
of problem type was significant, F3g1) = 8.077, p = 0.006,
nf, = 0.091, indicating that participants solved more numerical
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constraint problems (M %+ SD = 0.499 & 0.03). The interaction
between guidance condition and problem type was not significant
(p > 0.05). The results were shown in Figure 4.

The Total Fixation Duration and Number of Fixation
Analysis

To explore the underlying mechanism of the insight problem
solving, we analyzed the total fixation duration and number of
fixation. First, the AOIs were defined according to the research
purpose and hypothesis. In this study, each component of the

matchstick arithmetic equation (figure and symbol) was defined
as AOI, and the specific division of AOI is shown in Figure 5.

A three-way repeated measures ANVOA with problem type,
guidance condition, and AOIs on duration of fixation showed
that the main effect of the problem type was not significant,
Fq,81y = 1.516, p = 0.222, nf, = 0.08. The main effect of guidance
condition was not significant, F(3 g1) = 1.422, p = 0.242, nf, =0.07.
The main effect of AOIs was significant, F4 324y = 249.490,
p < 0.001, nf) = 0.755. The interaction of AQOIs, problem type,
and guidance condition was not significant, F(13 324y = 1.097,
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p = 0.362, nf) = 0.052. The interaction of problem type
and guidance condition was not significant, F(3g;) = 0.223,
p = 0.88, nf) = 0.071. AOIs interacted with guidance condition,

Faz,324) = 1.802, p = 0.047, n; = 0.063. For four conditions,
fixation duration in the AOI 3 and AOI 4 was significantly
different from the other three AOIs (p < 0.001). And fixation
duration in AOI 3 was significantly longer than other AOIs,
but fixation duration in AOI 4 was significantly shorter than
other AOIs. Nothing else was different on M condition. Fixation
duration in AOI 1 and AOI 5 was significantly longer than AOI
2 on G condition (p < 0.001, p = 0.012). Fixation duration in
AOI 1 and AOI 5 was significantly longer than AOI 2 on C and
S condition (p < 0.001). Two conditions were not significant in
AOI 1-AOI 5, exception, M and G conditions were significantly
shorter than C condition (p = 0.042, p = 0.018) in AOI 5.
M was significant longer than G condition, G was significant
shorter than S and C condition in AOI 2 (p = 0.007, p = 0.04,
p = 0.018). The result suggested that the participants paid more
attention to the numbers than symbols in the formula in all
guidance conditions. And the participants in gesture guidance
condition spent shorter time than other condition in AOI 5 and
AOI 2. AOIs interacted with the problem type, F(4 324) = 24.459,
p < 0.001, nf) = 0.324. Numerical constraints problem was
significantly more symbol constraints problem on AOI 1 and
AOI 5 (p = 0.021, p < 0.001). However, numerical constraints
problem was significantly less than symbol constraints problem
on AQOI 3 and AOI 4 (p = 0.029, p = 0.002). The result showed
that the participants paid more attention to the first number
and result in numerical constraints problem, and more attention
to the second number and equal mark in symbol constraints
problem.

A three-way repeated measures ANVOA with problem type,
guidance condition, and AOIs on the number of fixation showed
that the main effect of problem type was not significant,
F(1,81) = 1.416, p > 0.05, né = 0.019. The main effect of guidance
condition was not significant, F(3 g1) = 0.988, p > 0.05, nf, =0.036.
The main effect of the AOIs was significant, F4 374) = 282.449,
p < 0.001, n% = 0.776. The interaction of AOIs, problem type,
and guidance condition was not significant, F(12 324y = 0.529,
p > 0.05, nf, = 0.037. The problem type did not interact with
the guidance condition, F(3g1) = 0.105, p > 0.05, né = 0.038.
AOIs interacted with guidance condition, F(12,324) = 2.031,
p = 0.021, n; = 0.069. For four conditions, AOI 3 and AOI 4
were significantly different from the other three AOIs (p < 0.001).
And the number of fixation of AOI 3 was significantly longer
than other AOIs, but the number of fixation of AOI 4 was
significantly shorter than other AOIs. The number of fixation
of AOI 1 was significantly longer than AOI 5 (p = 0.043) on
M condition. The number of fixation of AOI 1 and AOI 5 was
significantly longer than AOI 2 (p = 0.033, p = 0.007) on S
condition. AOI 1 and AOI 5 were significantly longer than AOI
2 (p = 0.007, p < 0.001) on C condition. Four conditions were
not significant in AOI 1 to AOI 4. However, M and G were
significantly less than S and C condition (p = 0.022, p = 0.013,
p = 0.016, p = 0.009) in the number of fixation of AOI 5. It
suggested that participants paid more attention to the numbers

in the formula in all guidance conditions. AOIs interacted with
the problem type, F(s324) = 18554, p < 0.001, ng = 0.091.
Numerical constraints problem was significantly longer than
symbol constraints problem on the number of fixation of AOI
1, AOI 2, and AOI 5 (p = 0.018, p = 0.031, p < 0.001).
Numerical constraints problem was significantly shorter than
symbol constraints problem on the number of fixation of AOI
4 (p = 0.002), and marginal significance in AOI 3 (p = 0.08). The
result showed that participants paid more attention to the first
number, symbol, and result in numerical constraints problem;
and more attention to the second number and equal mark in
symbol constraints problem.

Discussion

The results of Experiment 1 showed that most participants did
not realize the link between the guidance and problem solving
based on post-experiment questionnaire analysis. The different
guidance conditions have different effects on insight problem
solving. Compared with those in the control condition, the
participants in guidance condition reached higher accuracy and
indeed shorter reaction time. Therefore, we can conclude that
gesture guidance promotes the problem solving. The results
are consistent with previous research (Cook et al., 2008). We
interpreted that the gestures produced mental images in the
participants’ mind, helping to complete the representational
transformation of insight problem, which was the key to
solving the problem. And gestures are indicative, which can
lead participants to correspond to mental representation of the
problem and the relevant position of the problem, and activate
the connection between them (Wesp et al., 2001; Grant and
Spivey, 2003; Morsella and Krauss, 2004). It is also possible that
gestures can unload parts of the working memory. Researchers
have shown that using both speech and gesture to express
required less working memory than speech alone (Goldin-
Meadow, 2001; Wagner et al., 2004). Based on the analysis of
fixation time and the number of fixation in each AO]I, the results
showed that almost all participants paid more attention to the
number regardless of the problem type, especially the second
number. Meanwhile, they gazed less at the equal mark, indicating
that participants preferred number in insight problem solving.
Other researchers also found that the participants preferred to
numerical in solving matches formula (Knoblich et al., 2001),
they believed that participants short focused on the composition
of problem meant that they understood the problem though
a scan. While long gazed meant that the participants tried to
solve the problem. The participants gazed on one element of the
problem for along time meant that they thought it was a key point
in solving the problem.

EXPERIMENT 2A

Materials and Methods

Participants

Sixty-three undergraduate students (36 female, mean
age = 23 years, SD = 3) were recruited for course credit or
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proper reward. All participants reported normal or corrected-to-
normal vision. They signed the informed consent and they had
not participated in similar experiments before. All participants
were randomly assigned to three conditions.

Design

The design of Experiment 2a was a single factor between-
participants design. The independent variable was eye movement
guidance patterns (prototypical guidance, non-prototypical
guidance, and non-guidance). The accuracy, reaction time, and
the saccade counts were the dependent variables.

Materials

Radiation problem was introduced by Karl Duncker in 1945
(Figure 6). The instructions: if a person has stomach tumor and
cannot be treated by surgery or medication but only by lasers
radiation method. Lasers power needed to kill tumor would do
harm to healthy tissue because it pass through them as well.
So how can we use lasers radiation to treat patients and avoid
harming other healthy tissues? There are three related areas of
this problem: one is the tumor which is solid black ellipse in
Figure 6. The second is the healthy tissue of the skin surrounding
the tumor which is between the black ellipse and the area. The
third is the area outside the skin, where the laser is emitted.
The solution consists of two key components, the low-density
lasers and the multiple lasers. Participants need to emit a large
amount of low density and focus on the multiple lasers in the
central tumor from different parts of outside the skin, only in this
way can it ensure that the intensity of a single lasers won’t hurt
the healthy tissue, and the multiple lasers focused on the tumor
whose strength is enough to kill tumor.

The digital tracking task formed different guidance condition,
and the digital tracking task of prototypical guidance condition
is shown in Figure 7, which highlights a kind of skin-crossing
or in-and-out saccades: the sight goes out of the skin into
the tumor and comes out from another place. The position
of numbers appearing in tracking task is: left, middle, right,
middle, right, middle, left, and middle. The digital tracking task
of non-prototypical guidance condition is shown in Figure 8 with
different appearing position of digit: upper left, upper right, lower

Healthy Tissue

Skin Outside

FIGURE 6 | A schematic diagram of the Duncker’s radiation problem.

i
\//

FIGURE 7 | Digital tracking task of prototypical guidance condition.
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\‘//l

FIGURE 8 | Digital tracking task of non-prototypical guidance condition.

right, lower left, middle, middle, middle, middle. It stresses the
composition of problem solving but does not highlight the key to
solve the problem (emit several lasers which gather in the center
of tumor from different corner). Non-guidance is designed as a
control condition without digital tracking task.

Procedure

Experimental equipment was identical to Experiment 1. The
63 participants were randomly assigned to the experimental
condition (prototypical guidance condition and non-prototypical
guidance condition and non-guidance condition).

The experiment lasted for 10 min in total with 20 trails, each
lasting for 30 s, including 26 s free observation time and 4 s
digital tracking task. Before the start of each trail, all participants
would complete a short drift correction. Then, the problem was
presented and lasted for 26 s, during which participants were free
to observe the problem on the screen and tried to figure out how
to solve the problem. For the digital tracking task, a sequence
of numbers or letters would appear on the different location of
screen randomly, each lasting for 500 ms. Participants were asked
to detect number and report it. The accuracy of reported number
was recorded. In control condition, the participants were free to
observe the problem diagram and tried to answer it without the
limitation of time.

Once the participants came up with the answer, they could
report it to the experimenter and tried to solve the problem.
If the answer was correct (drawing two lines at least from
different areas outside the skin pointing to the center of the
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Post-experiment questionnaire

When answer is correct,

the experiment is over.

Digital tracking

Present the problems 500ms/one

£ 26s

instructions i 2s

FIGURE 9 | The procedures of Experiment 2a.

tumor), the experiment was completed. If the answer was
not correct, the participants would continue thinking and
reporting until the end of the experiment. Participants were asked
to complete a short post-experiment questionnaire, including
whether participants realized the relationship between the digital
tracking task and the problem, difficulty level, and a sense of
surprise about problem solving, which part of the experiment
(digital tracking phase, free observation phase) was the most
conducive to solve the problem. The detailed procedure was
shown in Figure 9.

Results
Post-experiment Questionnaires Analyses
Post-experiment questionnaires intended to find out whether
participants realized the relationship between the digital tracking
task and the problem solving, and the results showed that three
participants realized a link between the digital tracking task and
problem solving. We excluded these three data in the following
analysis. The specific results of difficulty level and a sense of
surprise about problem solving were shown in Table 2.
Chi-square test showed that there was no significant difference
in problem difficulty among three experimental conditions:
x%6) = 5507, p = 0.493, which indicating that different
experimental condition did not affect the solution of the problem.
There was also no significant difference in the sense of surprise:
x%s) = 5.548, p = 0.698. In addition, most of the participants
thought that free observation phase was the most helpful to solve
the problem (M &+ SD = 71.78 &+ 3.22).

Response Accuracy and Saccade Counts Analyses
To test whether the prototype heuristic effect exists in the
attention tracing guidance by embodied attention, we analyzed
the response accuracy and saccade counts. If the effect exists,
the response accuracy and the saccade counts in prototypical
condition would be higher than other conditions. Otherwise,
there was no difference. The specific results of response accuracy
and saccade counts were shown in Table 3.

The Chi-square test showed that there was a significant
difference in response accuracy: X%z) = 6.575, p = 0.037. There
was a marginal significant difference in the response accuracy
in the prototypical guidance and the non-prototypical guidance

condition: x%l) = 3.313, p = 0.069. There was a significant
difference in the response accuracy in the prototypical guidance
and the non-guidance condition, x%l) =4.262, p = 0.039. There
was no significant difference in the response accuracy in the
prototypical guidance and non-prototypical guidance condition,
x%l) =0.302, p = 0.583. It indicated that the prototypical cue had
heuristic effect on the insight problem solving.

An one-way ANOVA on saccade counts in free observation
phase showed that there was no significant difference under
different guidance condition: F( 57y = 2.579, p = 0.085,
nf, = 0.067, indicating that participants in three conditions
performed similar saccade counts in free observation phase. In
other world, digital tracking task did not affect participants’
saccade counts in the free observation phase. We analyzed
saccade counts in digital tracking task and showed that there
was a significant difference in the prototypical guidance and the
non-prototypical guidance condition: 9y = 5.577, p < 0.001,
d = 1.03. And saccade counts in the prototypical guidance
were significantly more than that in non-prototypical guidance
condition. It suggested that the free observation phase and
the digital tracking task were independent of each other,
and the difference in eye movement in different guidance
conditions was caused by the digital tracking task. It also
indicated that the eye movement affected spatial cognitive activity
implicitly.

Discussion

The results of this experiment showed that most participants
did not realize the connection between digital tracking task
and problem solving, considering tracking task interfered
with their thinking. It indicated that the connection between
eye movement and spatial cognitive activity is implicit. The
guidance of eye movement can affect their performance in
solving insight problems. Response accuracy in prototypical
guidance condition was significantly higher than non-guidance
condition. And the non-prototypical guidance was not different
significantly with prototypal guidance condition. The present
experiment not only re-verify the effect of prototypical hint in
insight problem solving heuristic effect, supporting (Grant and
Spivey, 2003), viewing that the special mode of eye movements
may play an embodied mechanism function. The results also
enriched the theoretical background of embodied cognition:
the process of cognitive activities can not only be offloaded
in the environment, but also can produce interaction between
our body and the surrounding environment, being influenced
by the interaction in return. Comparing the results in the free
observation phase and the digital tracking task phase, we can
see that the differences in eye movement in different guidance
conditions were caused by the digital tracking task. It not only
suggested the free observation phase and the digital tracking
task were independent of each other, but also indicated that
the eye movement affected spatial cognitive activity implicitly. If
participants realized the connection between digital tracking task
and problem solving, those eye-movement trajectories should be
similar during the free observation phase and the tracking task
phase.
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TABLE 2 | Evaluation of difficulty level of radiation problem and a sense of surprise about problem solving (one).

Guidance condition Difficulty level of problem

A sense of surprise

1 2 3 4 5 1 2 3 4 5
Prototypical 2 8 8 2 0 1 5 7 3 4
Non-prototypical 4 3 10 2 0 2 6 7 2
Non-guidance 2 10 8 1 0 2 8 9 2

TABLE 3 | The response accuracy and saccade counts under different
experimental conditions.

Saccade counts (s/one)

Guidance Experiment Free Digital Response

condition samples observation tracking task accuracy
stage

Prototypical 20 2.43+0.38 1.51+£0.38 11 (65%)

Non-prototypical 19 213+ 0.55 0.81 £0.29 5 (26.3%)

Non-guidance 21 2.50 +0.62 4 (19%)

EXPERIMENT 2B

Materials and Methods

Participants

Sixty-two  undergraduate students (38 female, mean

age = 22.34 years, SD = 3.85) were recruited for course

credit or proper reward. All participants reported normal or
corrected-to-normal vision. They signed the informed consent
and they had not participated in similar experiments before.

Design

The design of Experiment 2b was a single factor between-
participants design. The independent variable is attention
guidance type (attention-tracing, attention-transfer, and
attention-fixation), and the accuracy, reaction time, and the
saccade counts were dependent variable.

Materials

The materials were identical to Experiment 2a. The different types
of attention guidance are operated by digital tracking task, and
the digital tracking task in attention-tracing condition was shown
in Figure 10 with different appearing position of digit: upper,
middle, upper, middle, lower, middle, bottom left, middle; the
participants in attention-tracing condition required were asked
to fix on the stimulus (fixation should always attach to where
the stimulus appears), and report the digit once found it. The
digital tracking task in attention transfer condition was similar to
that in attention tracing condition, as shown in Figure 10, with
the difference that the fixation cannot follow stimulus moving
and should always be fixed on the center of the screen only
reported the digit once found it. The digital tracking task in
attention-fixation condition was shown in Figure 11, requiring
participants’ fixation follow stimulus. All stimuli appeared on the
center of the screen.

FIGURE 10 | The digital tracking task of attention-tracing and
attention-transfer condition.

FIGURE 11 | The digital tracking task of attention-fixation condition.

Procedure

The apparatus was identical to Experiment 1. Sixty-two
participants were randomly assigned to the experimental
condition (attention-tracing condition, attention-transfer, and
attention-fixation condition). The procedure was identical to
Experiment 2a with the difference namely digital tracking task.

Results

To test whether embodied effect of attention guidance on the
problem solving need physical behavior, we analyzed the accuracy
and response time in the digital task, even including the accuracy
in problem solving, saccade counts in the free observation
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phase, and digital tracking task. Three participants realized the
connection between guidance and problem solving, and other
three participants whose accuracy didn’t reach 75% in digital
tracing task, so these six data were excluded in final analysis.
Fifty-six valid data were analyzed.

The Digital Tracking Task and Response Accuracy
Analyses
There was a significant difference in accuracy under different
experimental conditions, F(3 s3) = 8.60, p = 0.001, nlz3 =0.347. The
accuracy of digital tracking task in attention-fixation condition
was significantly higher than that in attention-tracking and
attention-transfer condition (p = 0.011, p = 0.001). There
was no significant difference between attention-tracking and
attention-transfer condition (p = 0.525). The results of the
reaction time in digital tracking task showed that there was a
significant difference under different experimental conditions,
F(53) = 4.599, p = 0.014, n%, = 0.159. Participants took shorter
time in attention-fixation than attention-transfer condition
(p =0.012). There were no other significant differences (p > 0.05).
The Chi-square test showed that there was a significant
difference in response accuracy under different experimental
conditions, X%z) = 8.875, p = 0.012. There was no difference in
attention-tracking and attention-transfer condition (p > 0.05).
The accuracy in attention-tracking and attention-transfer was
significantly higher than that in attention-fixation condition
(p=0.007, p =0.013).

The Saccade Counts Analyses
The average saccade counts in free observation phase and digital
tracking task under different attention guidance were shown in
Figure 12.

An one-way ANOVA saccade counts showed that there
was a significant difference in saccade counts during the free
observation phase under different attention guidance conditions,

F(2,53) = 3.748, p = 0.030, nf) =0.141. Saccade counts in attention-
fixation were significantly higher than that in attention-transfer
condition (p = 0.036). There were no other significant differences
(p > 0.05). For different attention guidance conditions, there
were significant differences in saccade counts in the digital
tracking task, F( 53y = 28.370, p < 0.001, nf, =0.521. Attention-
tracking and attention-transfer condition were significantly
more than attention-fixation condition (p < 0.001), there was
no significant difference in attention-tracking condition and
attention-transfer condition (p = 0.643).

The above results indicated that the embodied effect of
attention guidance on the problem solving did not need physical
activity necessarily. Even though there was no physical activity
involved, the attention transfer can also promote the emergence
of insight.

Discussion

The results of Experiment 2b showed that the difference
of accuracy between attention-tracking and attention-transfer
condition was not significant. Compared with the attention-
fixation condition, attention-tracking and attention-transfer
condition enjoyed higher response accuracy. However, in free
observation phase, saccade counts in attention-fixation condition
were significantly more than that in the attention-transfer
condition. So we can infer that spontaneously produced saccade
through skin didn’t cause the increase of accuracy. The increase
of accuracy was due to the eye movement of participants or
the transfer of attention in a short time which inspired insight
in a particular pattern. In other words, the embodied effect
of attention guidance on the problem solving not necessarily
physical behavior involved.

The results showed that the accuracy in attention-fixation
condition was higher than that in the attention-tracking
condition and attention-transfer condition, and reaction time
in the attention-fixation condition was shorter than that in the
attention-tracking condition and attention-transfer condition.

2.5

15 1

the average
of saccades counts

0.5

attention-tracing

FIGURE 12 | The average saccade counts of two phases under different guidance conditions (error bars: 95% confidence interval).

attention-transfer
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This is understandable because the fixation of participants kept
fixing in the center of the screen in attention-fixation condition,
and the stimulus for tracking also appeared in the center.
However, there was no significant difference of accuracy and
response time in the digital tracking task between attention-
tracking and attention-transfer condition. It interpreted that the
saccade counts in attention-tracking condition and attention-
transfer condition may enjoy the same cognitive mechanism. And
the increase of accuracy in attention-tracing condition may not
be caused by the eye movement itself but by the attention transfer
prior to the eye movements.

GENERAL DISCUSSION

The current study had four main important findings. First, the
results of Experiment 1 showed that embodied gesture promoted
the insight problem solving, and participant focused more on the
number in formula in both two kinds of problems. According to
the representational theory, the problem of matchstick can only
be solved by transforming its representation to break through the
dilemma and insight occurs (Knoblich et al., 1999). Participants
focused on the number more than the symbol in the symbol
constraint problems, which easily led participants to represent
improper problem representations and then prevent the process
of the problem solution. Thus, that’s why the accuracy was lower
than that in numerical constraint problem.

Some researchers claimed that the influence of gesture in
problem solving may result from space compatibility of the
visual space template in working memory. Tversky (2004)
found that gesture could unload and organize space working
memory to improve problem solving. Previous studies have
confirmed that hand gestures could maintain the outcome of
study (Cook et al., 2008), which results from that gesture provides
a representation which needed comparatively less cognitive
resource, and then sparse cognitive resource could be used
to record new information. Other studies have verified that
working memory for using both language and hand gesture
to express information is less than that for using language
only, so participants can use strategy occupied less working
memory to represent and learn (Goldin-Meadow, 2001; Wagner
et al., 2004). Wagner et al. (2004) proved that the gesture itself
boosted the encoding of long-term memory in the research.
Grant and Spivey (2003) thought that indication of gestures
could lead participants to correspond the mental representation
of the problem and the related position and spatial information
of the problem. And which is good for gesture perception
activation in mind and for representation of space-related
position. Hung et al. (2018) found that video lectures could
improve people’s understanding and retention of knowledge.
Thus, even if participants did not aware these representation
activation, the gesture was also good for them to put the
movement of matchsticks in their spatial representation (Penz
and Ghosh, 2016). It may be interpreted that the participants were
guided to combine their own gestures to solve the same type of
problems, and the performance would be better than that under
verbal instructions.

Second, the result of Experiment 2a showed that the guidance
of eye movement affected their performance in solving insight
problems and prototypical guidance cuing facilitated participants
to solve the problem. Attention guidance had prototype heuristic
effect in insight problem solving. The result could be interpreted
by the prototype heuristic theory. The theory indicated that the
process of insight problem solving is a process of prototype
heuristic. In this process, if the proper prototype and its
key heuristic information in the mind could be activated,
individuals could break through the dilemma and solve the
problem (Zhang et al,, 2004). The key heuristic information
refers to the information that plays a key role in solving the
problem, and the activation of key heuristic information is
a controllable and explicit process (Cao et al., 2006; Zhen-
Zhen, 2008). Thus, compared with non-prototypical guidance
cuing and no cuing, prototypical guidance cuing comprised
more heuristic information, which was benefit for activating
the prototype of the solution and its key heuristics information
and then facilitated the insight problem solving. However,
compared with prototypical guidance cuing, non-prototypical
guidance cuing similarly guide participants to pay attention
to the key area of problem solving, but didn’t significantly
improve the performance of problem solving, which may resulted
in non-prototypical guidance didn’t provide participants with
key heuristics information in problem solving. Although a
study have proved that when attention was guided to the key
area of problem, the performance would be facilitated (Groen
and Noyes, 2010), but if the key area didn’t include the key
information to solve problem, participants could not reach for
insight. It demonstrated that activating key heuristic information
was important for insight problem solving.

Third, the result of Experiment 2b showed that attention
tracing and attention transferring in prototypical guidance
condition both facilitated the solution of insight problem.
Thus, we concluded that saccades in attention-tracing condition
may have the similar mechanism with that in attention-
transfer condition. In the process of visual-spatial motion,
there is close relation between attention and saccades. Saccades
refer to physical performance of visual information extracting,
which reflect the selection pattern of individual processing
visual information, and it has direct or indirect relation with
consciousness. Saccades are one fundamental representation of
eye movement, which is quick moving of fixation. Godijn and
Pratt (2002) found that the position of attention transfer is the
same as the saccades (Godijn and Pratt, 2002). And some of
the studies that followed supported this result (Peterson et al.,
2004; Song and Hao, 2010; Kristjansson, 2011). However, some
researches showed that attention is not consistent with eye
movement (Lawrence et al.,, 2004; Belopolsky and Theeuwes,
2009). At present, there are some hypothesis explaining the
relation of saccades and attention. One was independent
hypothesis, which demonstrated that one system could not
control attention and saccades at the same time so they are
separated. Another was reciprocal relation hypothesis, which
demonstrated that the two processes of attention and saccades
share some resource in the procedure of cognitive motion
so the interaction exists. The preparation to move to some
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position could enhance the distribution of attention on the
circular position and when attention was attached to objective
position the incubation period of saccades would be shorter.
And another was functional relation hypothesis, which believed
that the relation between attention and saccades depended on
how to explain the importance of circular events, if the circular
event is not important, participants would not transfer their
attention (Song and Hao, 2010; Song and Wang, 2012). Thus,
the data of the present study supported the reciprocal relation
hypothesis, because we found there was no difference between
attention tracing and attention transfer. Song and Wang (2012)
also found that saccades and attention transfer shared some
resource in certain cognitive period, and saccades inferring
certain position could facilitate the distribution of attention to
circular positions. Meanwhile, saccades and attention transfer
were not equal completely, because we can transfer our attention
while we keep focusing, but can no keep attention while moving
our eyes in the same time.

The final point is that the process of insight problem solving
is unconsciously implicit activating process. At present, there
are three arguments concerning insight problem solving: one is
whether the mechanism underlying insight problem solving is
consciously explicit searching process or unconsciously implicit
activating process. Our data supported that insight problem
solving is unconsciously and implicitly activating process and
participants unconsciously process the relation of guidance
and insight problem. Growing evidence has suggested that the
process of insight problem solving is largely governed by an
implicit learning mechanism that detects the differences between
current and goal states, and regulates the strengths of the
operators (Suzuki and Fukuda, 2013; Suzuki et al., 2014; Ball
and Litchfield, 2017; Lebed and Korovkin, 2017). Suzuki and
Fukuda (2013) study found that unconscious nature of insight
problem solving was operator modulating the strengths during
the impasse gradually, and roles of subliminal hint information
in the problem solving processes. Consequently, the participants
subconsciously used the gesture as a cue to facilitate insight
problem solving. Gao and Zhang (2014) suggested that creative
problem solving can be modulated by unconscious processing
of enlightening information. Therefore, although participants
didn’t realize the indicated relation of digit tracking task and
to-be-solved problem, participants who moved eye fixations and
transferred attention performed better.

Overall, this research mainly investigated the process of
prompting insight problem solving and the nature of the
embodied effect of insight problem solving. The findings of
this experiment proved that embodied gesture and attention
can promote the problem solving, and the result supported the
reciprocal relation hypothesis between attention and saccades.
It is important to note that we did not directly explore the

REFERENCES

Adam, H., and Galinsky, A. D. (2012). Enclothed cognition. J. Exp. Soc. Psychol. 48,
918-925. doi: 10.1016/j.jesp.2012.02.008

brain mechanism of embodied action facilitating insight problem
solving, but previous studies found that the temporal lobe played
an important role in insight problem solving (Kounios and
Beeman, 2013; Shen et al.,, 2017). And there were mainly four
insight-activated brain regions, including the right medial frontal
gyrus, the left inferior frontal gyrus, the left amygdala, and
the right hippocampus. Importantly, various brain regions were
variably activated during the four stages, and the gesture might
lead to activation of one brain region and then help improved
performance Shen et al. (2018a). However, the exact activated
brain region was still not clear in the process of embodied action
facilitating insight problem solving, and it should be studied
further.

CONCLUSION

Embodied gesture could facilitate the performance of insight
problem solving, which indicated that embodied gesture enhance
insight problem solving and gesture guidance was better than
speech guidance. Compared with non-prototypical guidance
cuing and no cuing, prototypical guidance cuing was the
best cuing in insight problem solving. Attention guidance had
prototype heuristic effect in insight problem solving. Attention
tracing and attention transferring in prototypical guidance
condition both facilitated the solution of insight problem, which
supported the reciprocal relation hypothesis of saccades and
attention. Embodied guidance facilitated insight problem solving
implicitly.

ETHICS STATEMENT

The study reported in the manuscript entitled “The Effect of
the Embodied Guidance in the Insight Problem Solving: An Eye
Movement Study” has been approved by the Institutional Review
Board at Guangzhou University.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual
contribution to the work, and approved it for publication.

FUNDING

This work was supported by the National Natural Science
Foundation of China (31571144). The “12th Five-Year plan” of
Guangzhou Education Science (No. 1201421342).

Ball, L. J., and Litchfield, D. (2017). Interactivity and Embodied Cues in problem
Solving, Learning and Insight: Further Contributions to a “Theory of Hints”.
Cognition Beyond the Brain. London: Springer, 223-239. doi: 10.1007/978-1-
4471-5125-8_12

Frontiers in Psychology | www.frontiersin.org

November 2018 | Volume 9 | Article 2257


https://doi.org/10.1016/j.jesp.2012.02.008
https://doi.org/10.1007/978-1-4471-5125-8_12
https://doi.org/10.1007/978-1-4471-5125-8_12
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Xing et al.

Embodied Guidance Insight Problem Solving

Beilock, S. L., and Goldin-Meadow, S. (2010). Gesture changes thought
by grounding it in action. Psychol. Sci. 21, 1605-1610. doi: 10.1177/
0956797610385353

Belopolsky, A. V., and Theeuwes, J. (2009). When are attention and saccade
preparation dissociated? Psychol. Sci. 20, 1340-1347. doi: 10.1111/j.1467-9280.
2009.02445.x

Bowden, E. M., and Jung-Beeman, M. (2007). Methods for investigating the
neural components of insight. Methods 42, 87-99. doi: 10.1016/j.ymeth.2006.
11.007

Branchini, E., Bianchi, I., Burro, R., Capitani, E., and Savardi, U. (2016). Can
contraries prompt intuition in insight problem solving? Front. Psychol. 7:1962.
doi: 10.3389/fpsyg.2016.01962

Broaders, S. C., Cook, S. W., Mitchell, Z., and Goldinmeadow, S. (2007). Making
children gesture brings out implicit knowledge and leads to learning. J. Exp.
Psychol. Gen. 136, 539-550. doi: 10.1037/0096-3445.136.4.539

Brouillet, T., Heurley, L., Martin, S., and Brouillet, D. (2010). The embodied
cognition theory and the motor component of "yes" and "no" verbal responses.
Acta Psychol. 134, 310-317. doi: 10.1016/j.actpsy.2010.03.003

Cao, G., Yang, D., and Zhang, Q. (2006). Activation of prototypal matters in
insight problem solving: an automatic or controllable processing? Psychol. Sci.
29, 1123-1127. doi: 10.16719/j.cnki.1671-6981.2006.05.023

Chu, M., and Kita, S. (2011). The nature of gestures’ beneficial role in spatial
problem solving. J. Exp. Psychol. Gen. 140, 102-116. doi: 10.1037/a0021790

Cook, S. W., Mitchell, Z., and Goldin-Meadow, S. (2008). Gesturing makes learning
last. Cognition 106, 1047-1058. doi: 10.1016/j.cognition.2007.04.010

Cook, S. W., and Tanenhaus, M. K. (2009). Embodied communication: speakers’
gestures affect listeners’ actions. Cognition 113, 98-104. doi: 10.1016/j.
cognition.2009.06.006

Cook, S. W., Yip, K. Y., and Goldinmeadow, S. (2010). Gesturing makes memories
that last. J. Mem. Lang. 63, 465-475. doi: 10.1016/j.jm1.2010.07.002

Dow, G. T, and Mayer, R. E. (2004). Teaching students to solve insight problems:
evidence for domain specificity in creativity training. Creat. Res. J. 16, 389-398.
doi: 10.1080/10400410409534550

Duncker, K., and Lees, L. S. (1945). On problem-solving. Psychol. Monogr. 58:-113.
doi: 10.1037/h0093599

Gao, Y., and Zhang, H. (2014). Unconscious processing modulates creative
problem solving: evidence from an electrophysiological study. Conscious. Cogn.
26, 64-73. doi: 10.1016/j.concog.2014.03.001

Godijn, R., and Pratt, J. (2002). Endogenous saccades are preceded by shifts of
visual attention: evidence from cross-saccadic priming effects. Acta Psychol.
110, 83-102. doi: 10.1016/S0001-6918(01)00071-3

Goldinger, S. D., Papesh, M. H., Barnhart, A. S., Hansen, W. A, and Hout, M. C.
(2016). The poverty of embodied cognition. Psychon. Bull. Rev. 23, 959-978.
doi: 10.3758/513423-015-0860- 1

Goldin-Meadow, S. (2001). Explaining math: gesturing lightens the load. Psychol.
Sci. 12, 516-522. doi: 10.1111/1467-9280.00395

Grant, E. R, and Spivey, M. J. (2003). Eye movements and problem solving: guiding
attention guides thought. Psychol. Sci. 14, 462-466. doi: 10.1111/1467-9280.
02454

Groen, M., and Noyes, J. (2010). Solving problems: how can guidance concerning
task-relevancy be provided? Comput. Hum. Behav. 26, 1318-1326. doi: 10.1016/
j.chb.2010.04.004

Hao-Sheng, Y. E. (2011). Embodied cognition: a consideration from theoretical
psychology. Acta Psychol. Sin. 43, 589-598. doi: 10.3724/SP.].1041.2011.00589

Horchak, O. V., Giger, J. C., Cabral, M., and Pochwatko, G. (2014). From
demonstration to theory in embodied language comprehension: a review. Cogn.
Syst. Res. 29-30, 66-85. doi: 10.1016/j.cogsys.2013.09.002

Hung, I. C,, Kinshuk, and Chen, N. S. (2018). Embodied interactive video lectures
for improving learning comprehension and retention. Comput. Educ. 117,
116-131. doi: 10.1016/j.compedu.2017.10.005

Jarman, M. S. (2014). Quantifying the qualitative: measuring the insight experience.
Creat. Res. ]. 26, 276-288. doi: 10.1080/10400419.2014.929405

Jones, D. (2017). Embodied cognitive ecosophy: the relationship of mind, body,
meaning and ecology. Geogr. Ann. 99, 156-171. doi: 10.1080/04353684.2017.
1306971

Knoblich, G., Ohlsson, S., Haider, H., and Rhenius, D. (1999). Constraint relaxation
and chunk decomposition in insight problem solving. J. Exp. Psychol. Learn.
Mem. Cogn. 25, 1534-1555. doi: 10.1037/0278-7393.25.6.1534

Knoblich, G., Ohlsson, S., and Raney, G. E. (2001). An eye movement study
of insight problem solving. Mem. Cogn. 29, 1000-1009. doi: 10.3758/BF0
3195762

Kounios, J., and Beeman, M. (2013). The cognitive neuroscience of insight. Annu.
Rev. Psychol. 65, 71-93. doi: 10.1146/annurev-psych-010213-115154

Kristjansson, A (2011). “The intriguing interactive relationship between visual
attention and saccadic eye movements,” in The Oxford Handbook of Eye
Movements, eds S. P. Liversedge, 1. D. Gilchrist, and S. Everling (Oxford:
Oxford University Press), 455-469. doi: 10.1093/0xfordhb/9780199539789.
013.0025

Lawrence, B. M., Myerson, J., and Abrams, R. A. (2004). Interference with spatial
working memory: an eye movement is more than a shift of attention. Psychon.
Bull. Rev. 11, 488-494. doi: 10.3758/BF03196600

Lebed, A. A., and Korovkin, S. Y. (2017). The unconscious nature of insight:
a dual-task paradigm investigation. Psychol. Russ. State Art 10, 107-119.
doi: 10.11621/pir.2017.0307

Leung, A. K. Y., Kim, S., Polman, E., Ong, L. S., Qiu, L., Goncalo, J. A., et al. (2012).
Embodied metaphors and creative “acts”. Psychol. Sci. 23, 502-509.

Litchfield, D., and Ball, L. J. (2011). Using another’s gaze as an explicit aid to insight
problem solving. Q. J. Exp. Psychol. 64, 649-656. doi: 10.1080/17470218.2011.
558628

Morsella, E., and Krauss, R. M. (2004). The role of gestures in spatial working
memory and speech. Am. J. Psychol. 117, 411-424. doi: 10.2307/4149008

Ollinger, M., Jones, G., Faber, A. H., and Knoblich, G. (2013). Cognitive
mechanisms of insight: the role of heuristics and representational change in
solving the eight-coin problem. J. Exp. Psychol. Learn. Mem. Cogn. 39, 931-939.
doi: 10.1037/a0029194

Patrick, J., and Ahmed, A. (2014). Facilitating representation change in insight
problems through training. J. Exp. Psychol. Learn. Mem. Cogn. 40, 532-543.
doi: 10.1037/a0034304

Penz, M., and Ghosh, S. (2016). “Embodied material guidance: augmenting
material for carving,” in Proceedings of the 9th Forum Media Technology 2016,
St. Polten, 100-104.

Peterson, M. S., Kramer, A. F., and Irwin, D. E. (2004). Covert shifts of attention
precede involuntary eye movements. Percept. Psychophys. 66, 398-405.
doi: 10.3758/BF03194888

Qiu-Ping, W. U,, Feng, C., and Chen, B. B. (2011). Embodiment in social cognition.
Adv. Psychol. Sci. 19, 336-345. doi: 10.3724/SP.].1042.2011.00336

Riffert, F. (2013). On the effectiveness of incidental hints in problem
solving: revisiting norman maier and Karl Duncker. Gestalt Theory 35,
349-364.

Schubert, T. W., and Semin, G. R. (2009). Embodiment as a unifying perspective
for psychology. Eur. J. Soc. Psychol. 39, 1135-1141. doi: 10.1002/ejsp.670

Shen, W., Tong, Y., Li, F., Yuan, Y., Hommel, B., Liu, C,, et al. (2018a). Tracking
the neurodynamics of insight: a meta-analysis of neuroimaging studies. Biol.
Psychol. 138, 189-198. doi: 10.1016/j.biopsycho.2018.08.018

Shen, W., Yuan, Y., Zhao, Y., Zhang, X,, Liu, C,, Luo, J., et al. (2018b). Defining
insight: a study examining implicit theories of insight experience. Psychol.
Aesthet. Creat. Arts 12, 317-327. doi: 10.1037/aca0000138

Shen, W, Yuan, Y., Liu, C., and Luo, J. (2015). In search of the ‘Aha!” experience:
elucidating the emotionality of insight problem-solving. Br. J. Psychol. 107,
281-298. doi: 10.1111/bjop.12142

Shen, W., Yuan, Y., Liu, C., and Luo, J. (2017). The roles of the temporal lobe in
creative insight: an integrated review. Think. Reason. 23, 321-375. doi: 10.1080/
13546783.2017.1308885

Song, Y. W., and Hao, H. J. (2010). The relationship between attention shift and
saccade in the maintenance stage and integration stage of visual information.
J. Hebei Univ. 35, 44-49.

Song, Y. W., and Wang, Y. N. (2012). The time course of attention shifts before
endogenous saccades. J. Hebei Univ. 37, 54-58.

Stepper, S., and Strack, F. (1993). Proprioceptive determinants of emotional and
nonemotional feelings. J. Pers. Soc. Psychol. 64, 211-220. doi: 10.1037//0022-
3514.64.2.211

Suzuki, H., and Fukuda, H. (2013). Unconscious nature of insight problem solving:
an analysis using subliminal priming by continuous flash suppression. Cogn.
Stud. 20, 353-367. doi: 10.11225/jcss.20.353

Suzuki, H., Miyata, H., Fukuda, H., and Tsuchiya, K. (2014). “Exploring the
unconscious nature of insight using continuous flash suppression and a dual

Frontiers in Psychology | www.frontiersin.org

November 2018 | Volume 9 | Article 2257


https://doi.org/10.1177/0956797610385353
https://doi.org/10.1177/0956797610385353
https://doi.org/10.1111/j.1467-9280.2009.02445.x
https://doi.org/10.1111/j.1467-9280.2009.02445.x
https://doi.org/10.1016/j.ymeth.2006.11.007
https://doi.org/10.1016/j.ymeth.2006.11.007
https://doi.org/10.3389/fpsyg.2016.01962
https://doi.org/10.1037/0096-3445.136.4.539
https://doi.org/10.1016/j.actpsy.2010.03.003
https://doi.org/10.16719/j.cnki.1671-6981.2006.05.023
https://doi.org/10.1037/a0021790
https://doi.org/10.1016/j.cognition.2007.04.010
https://doi.org/10.1016/j.cognition.2009.06.006
https://doi.org/10.1016/j.cognition.2009.06.006
https://doi.org/10.1016/j.jml.2010.07.002
https://doi.org/10.1080/10400410409534550
https://doi.org/10.1037/h0093599
https://doi.org/10.1016/j.concog.2014.03.001
https://doi.org/10.1016/S0001-6918(01)00071-3
https://doi.org/10.3758/s13423-015-0860-1
https://doi.org/10.1111/1467-9280.00395
https://doi.org/10.1111/1467-9280.02454
https://doi.org/10.1111/1467-9280.02454
https://doi.org/10.1016/j.chb.2010.04.004
https://doi.org/10.1016/j.chb.2010.04.004
https://doi.org/10.3724/SP.J.1041.2011.00589
https://doi.org/10.1016/j.cogsys.2013.09.002
https://doi.org/10.1016/j.compedu.2017.10.005
https://doi.org/10.1080/10400419.2014.929405
https://doi.org/10.1080/04353684.2017.1306971
https://doi.org/10.1080/04353684.2017.1306971
https://doi.org/10.1037/0278-7393.25.6.1534
https://doi.org/10.3758/BF03195762
https://doi.org/10.3758/BF03195762
https://doi.org/10.1146/annurev-psych-010213-115154
https://doi.org/10.1093/oxfordhb/9780199539789.013.0025
https://doi.org/10.1093/oxfordhb/9780199539789.013.0025
https://doi.org/10.3758/BF03196600
https://doi.org/10.11621/pir.2017.0307
https://doi.org/10.1080/17470218.2011.558628
https://doi.org/10.1080/17470218.2011.558628
https://doi.org/10.2307/4149008
https://doi.org/10.1037/a0029194
https://doi.org/10.1037/a0034304
https://doi.org/10.3758/BF03194888
https://doi.org/10.3724/SP.J.1042.2011.00336
https://doi.org/10.1002/ejsp.670
https://doi.org/10.1016/j.biopsycho.2018.08.018
https://doi.org/10.1037/aca0000138
https://doi.org/10.1111/bjop.12142
https://doi.org/10.1080/13546783.2017.1308885
https://doi.org/10.1080/13546783.2017.1308885
https://doi.org/10.1037//0022-3514.64.2.211
https://doi.org/10.1037//0022-3514.64.2.211
https://doi.org/10.11225/jcss.20.353
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Xing et al.

Embodied Guidance Insight Problem Solving

task,” in Proceedings of the 36th Annual Conference of Cognitive Science Society,
Quebec, 2955-2960.

Thomas, L. E., and Lleras, A. (2007). Moving eyes and moving thought: on the
spatial compatibility between eye movements and cognition. Psychon. Bull. Rev.
14, 663-668. doi: 10.3758/BF03196818

Thomas, L. E., and Lleras, A. (2009). Covert shifts of attention function as an
implicit aid to insight. Cognition 111, 168-174. doi: 10.1016/j.cognition.2009.
01.005

Tversky, B. (2004). Narratives of space, time, and life. Mind Lang. 19, 380-392.
doi: 10.1111/§.0268-1064.2004.00264.x

Wagner, U., Gais, S., Haider, H., Verleger, R., and Born, J. (2004). Sleep inspires
insight. Nature 427, 352-355. doi: 10.1038/nature02223

Werner, K., and Raab, M. (2014). Moving your eyes to solution: effects of
movements on the perception of a problem-solving task. Q. J. Exp. Psychol. 67,
1578-1578. doi: 10.1080/17470218.2014.889723

Wesp, R., Hesse, J., Keutmann, D., and Wheaton, K. (2001). Gestures maintain
spatial imagery. Am. J. Psychol. 114, 591-600. doi: 10.2307/1423612

Williams, L. E., and Bargh, J. A. (2008). Experiencing physical warmth promotes
interpersonal warmth. Science 322, 606-607. doi: 10.1126/science.1162548

Wilson, A. D., and Sabrina, G. (2013). Embodied cognition is not what you think it
is. Front. Psychol. 4:58. doi: 10.3389/fpsyg.2013.00058

Yang, W., Dietrich, A., Liu, P., Ming, D., Jin, Y., Nusbaum, H. C,, et al. (2016).
prototypes are key heuristic information in insight problem solving. Creat. Res.
J. 28, 67-77. doi: 10.1080/10400419.2016.1125274

Zhang, Q., Qiuy, J., and Cao, G. (2004). A review and hypothesis about the cognitive
mechanism of insight. Psychol. Sci. 27, 1435-1437. doi: 10.16719/j.cnki.1671-
6981.2004.06.041

Zhen-Zhen, W. U. (2008). Exploring the mechanism for prototype elicitation effect
in insight. Psychol. Dev. Educ. 2008, 31-36. doi: 10.16187/j.cnki.issn1001-4918.
2008.01.004

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2018 Xing, Rong, Lu, Yao, Zhang and Zhao. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Psychology | www.frontiersin.org

95

November 2018 | Volume 9 | Article 2257


https://doi.org/10.3758/BF03196818
https://doi.org/10.1016/j.cognition.2009.01.005
https://doi.org/10.1016/j.cognition.2009.01.005
https://doi.org/10.1111/j.0268-1064.2004.00264.x
https://doi.org/10.1038/nature02223
https://doi.org/10.1080/17470218.2014.889723
https://doi.org/10.2307/1423612
https://doi.org/10.1126/science.1162548
https://doi.org/10.3389/fpsyg.2013.00058
https://doi.org/10.1080/10400419.2016.1125274
https://doi.org/10.16719/j.cnki.1671-6981.2004.06.041
https://doi.org/10.16719/j.cnki.1671-6981.2004.06.041
https://doi.org/10.16187/j.cnki.issn1001-4918.2008.01.004
https://doi.org/10.16187/j.cnki.issn1001-4918.2008.01.004
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

',\' frontiers
in Psychology

ORIGINAL RESEARCH
published: 11 December 2018
doi: 10.3389/fpsyg.2018.02319

OPEN ACCESS

Edited by:
Wangbing Shen,
Hohai University, China

Reviewed by:

Yuan Yuan,

Nanjing Normal University, China
Fei Luo,

Institute of Psychology (CAS), China

*Correspondence:
Bao Xueming
xmbao@tyxx.ecnu.edu.cn

T These authors have contributed
equally to this work

Specialty section:

This article was submitted to
Cognition,

a section of the journal
Frontiers in Psychology

Received: 13 June 2018
Accepted: 05 November 2018
Published: 11 December 2018

Citation:

Xurui T, Yaxu 'Y, Qianggiang L,

Yu M, Bin Z and Xueming B (2018)
Mechanisms of Creativity Differences
Between Art and Non-art Majors: A
Voxel-Based Morphometry Study.
Front. Psychol. 9:2319.

doi: 10.3389/fpsyg.2018.02319

Check for
updates

Mechanisms of Creativity Differences
Between Art and Non-art Majors: A
Voxel-Based Morphometry Study

Tan Xurui', Yu Yaxu?3t, Li Qiangqgiang?, Mao Yu22, Zhou Bin® and Bao Xueming®*

7 School of Communication of East China Normal University, Shanghai, China, 2 Department of Psychology, Southwest
University, Chongqing, China, ® Key Laboratory of Cognition and Personality, Ministry of Education, Chongqing, China,

# College Students Psychological Counseling and Health Center, Party Committee Student Work Department, East China
University of Technology, Nanchang, China, ° Institute of Cultural and Creative Industry of Shanghai Jiao Tong University,
Shanghai, China, ° School of Sports and Health of East China Normal University, Shanghai, China

Creativity is considered the ability to generate new ideas or behaviors, an ability that
have diverse expressions in different human groups, such as painters and non-painters.
Art major students require more creative activities than non-art students do. In this
study, we plan to explore the figural creativity abilities of art major students and whether
these students exhibited higher figural creativity scores and why their brain structure
of gray matter are lower which may benefit from their professional training relative to
non-art majors. Therefore, in this study, we use voxel-based morphometry (VBM) to
identify different behavioral and brain mechanisms between art major students and non-
art major students by using the figural Torrance Test of Creative Thinking. Our results
showed that the TTCT-figural (TTCT-F) scores of art majors were higher than those of
non-art majors. The TTCT-F score of art major students and practicing and study time
have positive correlations which means art major’s figural creativity score benefit from
there art professional training in some degree. Subsequently, the interaction analysis
revealed that the TTCT-figural scores of art majors and non-majors exhibited significant
correlations with the gray matter volumes (GMV) of the left anterior cingulate cortex
(ACC) and the left medial frontal gyrus (MFG). While the simple slope analysis showed
that art majors, compared with non-art majors, exhibited a marginal significantly positive
association with the left ACC and MFG, non-art majors exhibited a significantly negative
association with the left ACC and MFG. Overall, our study revealed that people who
major in artistic work are more likely to possess enhanced figural creative skills relative to
non-artistic people. These results indicated that professional artistic programs or training
may increase creativity skills via reorganized intercortical connections.

Keywords: creativity, art major students, non-art major students, GMV, MFG, ACC

INTRODUCTION

There have been many different theories of creativity until recently, and the general idea regarding
creativity is that it refers to the generation of original, novel ideas through mental habits of
thinking (Torrance, 1966, 1988; Guilford, 1967; Guilford et al., 1978; Ruscio et al., 1998; Howard-
Jones et al., 2005; Chavez-Eakle et al., 2007; Gibson et al., 2009; Storm et al., 2011). Simonton
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argued that creativity is certainly the most important and
common of all human activities, being seen as an attribute
for people to possess (Simonton, 2000). Torrance also said
that creativity is seen as contributing original ideas, distinct
points of view and new angles to looking at problems
(Torrance, 1988). In recent decades, creativity research mostly
began with Guilford who claimed creativity is consisted of
convergent thinking and divergent thinking (Guilford, 1967).
While Divergent thinking includes thinking out solutions to
a problem, which means multiple solutions. An example like
Alternate Uses Task where individuals aer asked to think of
as many possible ways to use an object, such as brick (e.g.,
“House build”). Solutions should be novel and appropriately
useful (Guilford et al., 1978). Several studies have probed the
neural mechanisms of creative-thinking abilities, including those
utilizing functional magnetic resonance imaging (fMRI), positron
emission tomography (PET), measurements of regional cerebral
blood flow (rCBF), and electroencephalograms (Heilman et al.,
2003). Many psychometric instruments have been used to
develop tests of people’s creative abilities, among which, one of
the most common ones is Torrance Test of Creative Thinking
(Torrance, 1966).

Individual creative abilities differ, dividing people into
diverse groups according to the work they do. In previous
studies, researchers usually divided people into two groups
according to the TTCT sub or total scores and then analyzed
this phenomenon. An fMRI study revealed that TTCT-figural
(TTCT-F) scores were prominently higher in high group
than those in low group (Jiao et al, 2017). A creativity
study revealed that creative scores were higher in high group
than those in the low creativity group (Li et al., 2017). An
innovative study of improvisation intervention showed better
abilities of divergent thinking and become more creativity after
intervention, suggesting improvisation as one of the simple and
art-based interventions would have formal field of common
benefits for creative cognitive processes. In addition, these
findings indicated primary school children could make better
use of subsistent art education provision that could offer an
efficient way to obtain creativity abilities (Sowden et al., 2015).
Participants who accept creative training programs’ content with
exercises or activities relative to control group shown significantly
increase in their creative thinking abilities (Ulger, 2016). In
addition, a study of neural networks about expert and novice
group that higher creativity scores showed by the expert subject
were compared the novice groups (Kowatari et al., 2009).

As mentioned, studies have also divided people according to
their skills that have been mastered such as professional dancers
and novice dancers or musicians and novices, and creativity
(Byron and Khazanchi, 2011). An EEG study about generating of
alternative uses between professional and novice dancers found
that in posterior parietal brain regions, professional dancers
show stronger alpha synchronization than novice dancers
did. During improved dance, greater right-hemispheric alpha
synchronization showed in professional dancers than novice
did (Fink et al, 2009). In a study of musicians and non-
musicians, participants used a creativity task named novel
divergent thinking task to explore and generate uses for them

alone and in combination with one another. The results indicates
that musicians generate a greater number of “uses” than the non-
musicians in both single objects and combinatory uses (Gibson
et al., 2009). Another study about musicians conclude that the
brain regions of prefrontal and paralimbic areas, including insula
are related to network integration, these areas mostly related
to cognitive, motivational, and emotional processes. Specifically
highly creativity ability’s individual completed their creations
based on the original rhythm, the activation of brain regions
include bilateral prefrontal regions and right insula. While
low creativity ability’s individual completed their creations, the
changes only express in original musical patterns (Villarreal
et al,, 2013). In an EEG study of gifted, intelligent, creative, and
average individuals, in solving creative problems, highly creative
individuals were revealed less mental activity than average
individuals were. In brain areas interaction, creative individuals
also showed better than gifted ones, who exhibited substantial
decoupling of brain areas when solving ambiguous problems
(Jausovec, 2000). The prefrontal cortex (PFC) is also a pivotal
structure that is involved in divergent thinking, which is a crucial
factor of creative innovation (Heilman et al., 2003; Ghacibeh and
Heilman, 2013).

Recently, several studies have proven differences in figural
creative processes between painters and non-painters (Eindhoven
and Vinacke, 1952; Wallach and Kogan, 1964; Berlin and Kay,
1991; Wolft and Lundberg, 2002; Bhattacharya and Petsche, 2005;
Burch et al., 2006; Bos et al., 2006). Eindhoven used naturalistic
methodology to observe the behavior of painters and non-
painters working on sketching paper. The researchers observed
painters completing their works using four stages, namely,
the gradual, experimental, concentration, and reorganization
stages. In contrast, non-painters displayed no staging strategies
(Eindhoven and Vinacke, 1952). Moreover, reports by Kay
indicated that the reaction times of painters during problem-
solving tests are longer than those of non-painters. Wolft
conducted an objective test wherein they found that art students
had significantly worse phonological skills and less reported
risks associated with dyslexia than non-art students. Burch
used the instances task to test creative ability and found that
visual painters scored higher than non-painters on uniqueness.
Likewise, Bhattacharya and Petsche demonstrated differences
in the patterns of functional integration between cortical
regions during the mental creation of drawings created by
painters and non-painters. An EEG study also showed that
creative ability in a figural creativity task was associated with
significantly stronger desynchronization of upper alpha power,
indicating high figural processing demands (Rominger et al.,
2018). An fMRI study showed that TTCT-F scores in the high
group were associated with several brain regions, including the
left temporal cortex, left precuneus, left thalamus, and right
fusiform gyrus, right posterior occipital cortex. In contrast,
TTCT-F scores in low group were associated with the right
posterior cingulate cortex, ventral medial prefrontal cortex,
right dorsal frontal cortex, and right inferior parietal lobule
(Jiao et al., 2017). Another fMRI study of artists and creative
individuals also demonstrated significantly strong functional
connectivity in the right angular gyrus, bilateral inferior frontal
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gyrus, and bilateral superior frontal gyrus (de Souza et al.,
2010).

As mentioned above, the creativity skills related to special
and normal domains are still controversial, particularly the basic
differences among brain regions. Therefore, in this study, art
and non-art majors underwent structural MRI scans after they
performed a figural creative thinking task. Creativity scores were
then assessed using the TTCT-F and related gray matter volume
changes were observed during brain scanning. We expected that
the figural scores of the art major students would be higher than
those of the non-art major students due to the long professional
training regarding art. Moreover, interaction effects of the GMV
in the brain and TTCT-F scores were expected: the GMVs of
specific cerebral areas were expected to have significant effects
[e.g., the medial frontal gyrus (MFG), anterior cingulate cortex
(ACC), and superior temporal gyrus (STG)] on figural creativity
within the brain activation of art majors. The results of this study
may provide insight into the cultivation of creative education
among art major students in the aspect of figural creativity brain
activation of art majors.

MATERIALS AND METHODS

Participants

Eighty painting subjects (40 art majors and 40 non-art majors; (33
men, aged 18-22 years, mean = 20.24 years; 47 women, aged 18-
24 years, mean = 20.23 years) participated in this research as part
of our project investigating associations among brain imaging,
intelligence, and the TTCT. Inclusion criteria for the 40 art major
group were as follows: current studying and professional paint
training time for more than 1 years and practiced for more than
1 h each day. Majors included sculpture, traditional Chinese
painting, watercolor, sketch and oil painting. 40 non-art major
students had no painting training beyond the regular curricular
exposure to painting during the kindergarten to university
years. All participants were right-handed, had normal vision,
had no history of psychiatric or neurological illness and were
undergraduates at Southwest University. After providing written
informed consent, participants received payment for their time.

Assessment of Creativity

The TTCT (Torrance, 1966), which was used to assess creativity
(i.e., divergent thinking ability), consists of verbal, figural, and
auditory tests (Huang et al., 2013). In our study, the TTCT-
figural (TTCT-F) test was used to measure individual divergent
thinking ability (Torrance, 1988; Carson et al., 1994; Kim, 2006).
We employed the TTCT-F test to evaluate both art and non-
art students. Three factors were concluded in TTCT-F total
score: flexibility (the number of different types of answers,
demonstrating the ability to switch conceptual fields); fluency
(the number of relevant and meaningful answers, which are
relative to the ability to generate a number of pictures or objects);
and originality (the number of unique ideas, which reflects the
ability to produce unique or uncommon answers) (Kim, 2006).
Heausler and Thompson (1988) declared that the TTCT-F total
score is highly associated with scores of the three parts (fluency,

flexibility, and originality) and that the scores of the three parts
are highly associated with each other (The correlation coefficient
between these three parts > 0.81). Further, strong correlations
among the three components of the TTCT do not provide
meaningfully different data; thus, the total TTCT score used as
an accurate index of creativity (Heausler and Thompson, 1988).

Assessment of General Intelligence

To assess mental capacity, all participants finished Chinese-
revised edition of the Combined Raven’s Test (Li & Chen), which
has a reliability coeflicient of 0.92 (Li and Chen, 1989; Ming,
1989). The CRT contains Raven’s standard progressive matrix
and Raven’s colored progressive matrix, which includes 72 items
that were revised by the Psychology Department of East China
Normal University in 1989. The CRT test score (number of
correct answers given in 40 min) was used as a psychometric
index of personal intelligence. In line with standard practice,
this study focused on the total score of the test (Takeuchi et al,,
2011).

Image Acquisition

All images were gathered using a 3-T Siemens Trio MRI scanner
(Siemens Medical, Erlangen, Germany). High-resolution T1-
weighted structural images were collected using a magnetization-
prepared rapid gradient echo (MPRAGE) sequence. The
parameters were as follows: repetition time = 1900 ms, inversion
time = 900 ms, flip angle = 9 degrees, echo time = 2.52 ms,
256 x 256 matrix, 176 slices, 1.0 mm slice thickness, and voxel

size=1mm? x I mm?® x 1 mm>.

MRI Preprocessing

All images were processed using SPMS8' implemented in
MATLAB R2014a (MathWorks Inc., Natick, MA, United States).
First, every magnetic resonance (Semrud-Clikeman et al., 2016)
image was displayed in SPM8 to monitor artifacts and obvious
anatomical abnormalities. In addition, VBM was performed
with diffeomorphic anatomical registration using exponentiated
lie algebra (DARTEL) (Ashburner, 2007). The New Segment
Toolbox from SPM8 was applied to every T1-weighted MR image
to extract tissue maps corresponding to gray matter, white matter
and cerebrospinal fluid in the native space. Using the DARTEL
template-creation toolbox, the resliced images of the gray and
white matter were then registered to a subject-specific template to
improve intersubject alignment. Subsequently, the normalization
function in the DARTEL toolbox was used to normalize the
individual images of gray and white matter to the MNI space (1.5-
mm isotropic voxels). Finally, the gray and white matter maps of
each subject were warped using their corresponding smoothed
(8-mm full-width at half-maximum (FWHM) Gaussian kernel),
reversible deformation parameters to the custom template space
and then to the MNI standard space. Gray matter volume (GMV)
images were modulated by calculating the Jacobian determinants
derived from the special normalization step and by multiplying
each voxel by the relative change in volume.

'https://www.fil.ion.ucl.ac.uk/spm/
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Statistical Analysis

In order to test our hypothesis of art major students’ TTCT-
F scores are higher than non-art major students may result
in professional training mostly than other reasons, we collect
art major student’s professional paint training duration and
practicing time each day last month. Then correlated to the
TTCT-F score of art major students. It is shown that these two
variances are significant positive with art major student’s TTCT-
F score. This shows a certain degree of professional training of art
may enhance their creativity skill of figural.

We investigated whether there was an interaction effect
between the majors and figural creativity on brain structure.
At the whole-brain level, a voxelwise analysis of covariance
(ANCOVA) was performed using the full factorial option in
SPMS, in which major was defined as a group factor. Age,
sex, general intelligence, total score on the TTCT-E and total
GMYV were entered as covariates; the total score on the TTCT-F
underwent interaction analysis with majors using the interactions
option in SPMS8, which facilitated investigation of the interaction
effect between majors and the covariates of brain structure.
These interaction effects were assessed using t-contrasts, and the
t-contrasts were performed by setting the voxelwise intensity
threshold at p < 0.005, as determined by the non-stationary
cluster extent correction (NS) in SPM.

RESULTS

Descriptive Statistics

The demographic data and behavioral results are shown in
Table 1. Art majors showed significantly higher total TTCT-
figural scores than the non-art majors (p < 0.01, t = 3.87,
two-tailed t-test). Intelligence, as measured using the CRT, was
not significantly different between majors (p > 0.05, t = -1.052,
two-tailed -test).

Correlation Analysis Between Behavioral
Measures

The correlation between behavioral measures of TTCT-F score
and practicing time are significantly positive, which means the
higher TTCT-score participants get, the more practicing time
they need. On the other hand, the TTCT-F score of art major
students and professional paint training duration had marginal,
significant positive correlations, which also certified TTCT-F

TABLE 1 | Demographic data and behavioral results.

Measures Art majors SD Non-art majors SD
(n = 40) Means (n = 40)Means

TTCT 71.750 20.208 55.633 16.838

(total)***

CRT 64.725 4.867 65.775 4.022

Age 20.375 1.030 20.100 1.033

TTCT, figural torrance tests of creative thinking; CRT, the combined Raven’s test.
kKK
p < 0.01.

score of art major students are owing to professional art practice
mostly, see Table 2.

Interaction Effect of Major and Creativity
on Regional GMVs

An interaction effect between figural creativity scores among
art majors and non-art majors was shown on GMV in the left
anterior cingulate cortex (ACC) and left medial frontal gyrus
(MEG) (peak voxel MNI coordinates: -2, 18, -2, T = 4.5; -11,
50, 19, T = 4.2), see Figure 1A and Table 3, corrected with the
non-stationary cluster extent correction (NS) at the whole-brain
level. In particular, the figural creativity scores of the art majors
had marginal, significant positive correlations with the GMVs of
the left ACC and MFG (p > 0.05), while those of the in non-
art majors ha significant negative correlations (p < 0.05), see
Figures 1B,C. To further validate our findings, we conducted
independent samples t-tests with active regions as seeds (see
Table 4). The results supported our hypothesis that the voxel sizes
of art majors are smaller than those of non-art majors.

DISCUSSION

In this study, we investigated associations between brain
structures and individual figural creativity. Our behavioral results
showed that art majors had significantly higher total TTCT-
figural scores than non-art majors. Further, the VBM analysis
results showed that figural creativity scores were related to GMV's
of the left ACC and MFG. Specifically, in a simple slope analysis,
a marginal, significant positive effect occurred in art majors
and figural creativity in the GMV regions, while in non-art
major, a significantly negative relationship was shown between
figural creativity and the GMVs of specific brain regions. These
differences indicated that art major students likely spend more
time engaging in professional courses and have more chances to
engage in creative activities, such as novel painting or original
works. We figured that the impact of this factor on the results
of the test would be significantly different between major and
non-major students.

In the present study, the TTCT-figural scores of art majors
were higher than those of non-art majors. Some researchers
have postulated that individual differences in creativity skills
are modulated by certain cognitive skills (Fischer and Rose,
1998; Gibson et al, 2009). Brain plasticity is a theme that
has been verified in many studies (Chugani, 1994; Kolb and
Whishaw, 1998; Johansson, 2000; Cotman and Berchtold, 2002;
Ungerleider et al., 2002; Mahncke et al., 2006; Smith et al,
2009; Chan et al., 2016). Cotman clarified that brain-derived

TABLE 2 | Correlation analysis between behavioral measures.

TTCT-F (total) Study time Practicing time
TTCT-F (total) - 0.076* 0.003***
Training duration - 0.609

Practicing time -

***p < 0.001; *p < 0.01.
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FIGURE 1 | (A) The interaction effect of TTCT-F scores in art majors and non-art majors and the GMVs of the left anterior cingulate cortex (ACC) and left medial
frontal gyrus (MFG) (peak voxel MNI coordinate: -2, 18, -2, T = 4.5; -11, 50, 19, T = 4.2), corrected with the non-stationary cluster extent correction (NS) at the
whole-brain level. (B,C) Figural creativity scores of the art majors demonstrated a marginal significant positive correlation with the GMVs of the left ACC and MFG
(o > 0.05), whereas a significant negative correlation was observed in the non-art majors (o < 0.05).

TABLE 3 | The interaction effect of brain regions significantly correlated with creativity.

Item Clustersize H Peak Tvalue Peak MNI coordinate Brain regions
TTCT-F creativity (NS Corrected p < 0.005) 45 L 4.2 —-115019 Medial frontal gyrus
614 L 4.5 —218 -2 Left cingulate cortex

MNI, Montreal Neurological Institute; H, hemisphere; L, left; NS, non-stationary cluster extent correction for SPM.

neurotrophic factor and other growth factors can increase
through conscious exercise, it also can increase the level of
stimulate neurogenesis, increase resistance when encounter brain
insult, and improve learning ability and mental performance.
While solving divergent thinking tasks, subjects with high scores
had lower EEG dimensions than the subjects with low scores,
particularly in frontal cortical areas (Molle et al., 1996). Prior
research indicates that the adolescent brain is indeed sensitive
to the effect of training of different cognitive functions including
working memory and mathematical skills (Qin et al., 2004; Jolles
et al,, 2010). This means that people with different knowledge
backgrounds solve problems in different ways (Schoenfeld, 2014).
A creativity study of imagery involving high- and low-imagery
subjects showed some differences in performance on cognitive
tasks obtained in the studies (Campos and Pérez, 1989). In
a training study, in the improvisation group subjects express
higher creativity score, which means better divergent thinking
ability in some degree (Sowden et al, 2015). Another study

of topological organization and creativity showed that TTCT-F
scores were significantly higher in the high group relative to the
low group. A spontaneous improvisation and figural creativity
which pictionary-based fMRI study showed that drawings is a
good form with a given word were also creative (Saggar et al.,
2015). Regarding the neurobiology of creativity, the creative
strength of high groups mostly scored high (Carlsson et al,
2000). Urban stated that the training and learning with an open
structure are highly important for creative education, which
encourages non-conformist behavior, including problem solving
and divergent thinking (Urban, 1995). Another study of creativity
showed that lecturers could choose learning outcomes as open-
ended serial constructions to encourage creativity in students
(Giloi and du Toit, 2013). An EEG study showed that figural
field especially creative ideation is associated with many specific
task and sensory-based visual mental operations (Marks and
Isaac, 1995; Petsche et al., 1997). From the above studies, we
may conclude that subjects with high figural creativity ability are
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TABLE 4 | Independent sample t-test analysis with active regions as seeds.

Seed ROI Art majors SD Non-art majors SD
(n = 40) Means (n = 40) Means

Left MFG*** 0.425 0.0682 0.344 0.055

Left ACC* 0.401 0.0401 0.304 0.034

MFG, medial frontal gyrus;, ACC, anterior cingulate cortex. ***p < 0.01; *p > 0.05
(marginal significance).

mainly associated with executive control, attention, and memory
retrieval networks in functional connectivity.

In the analysis of the brain, our results showed that the
TTCT-figural scores of art majors have a marginal significant
positive effect on the GMVs of the left ACC and MFG.
In terms of the marginal significant positive effect of figural
creativity on the GMV in the left ACC, as mentioned before,
divergent thinking has consistently been shown to be related
to widespread brain regions, such as the PFC and anterior
cingulate cortex (Wu et al, 2015; Sun et al., 2016; Shi et al,
2018). A meta-analysis which activation likelihood estimation
was used to detect divergent thinking of neuroimaging found
that lateral prefrontal cortex, posterior parietal cortex, preceneus,
anterior cingulate cortex, and temporal gyrus were the key
regions (Wu et al, 2015). Additionally, our team’s work
regarding creativity training found that the dACC changes
between pre- and posttests, both in terms of functional activity
and gray matter (Sun et al., 2016). Furthermore, a combined
VBM and resting-state functional connectivity study of creative
achievement indicated that the ACC and bilateral frontal-
insular cortex are negatively correlated (Sridharan et al., 2008;
Chen et al, 2014). An fMRI study showed that between
creative and uncreative in participants the activation located
in bilateral medial frontal gyri and the left anterior cingulate
cortex which belong to prefrontal areas (Howard-Jones et al,
2005).

As for the interaction results of the left MFG between majors
and VBM, the fMRI study also showed that there were increases
in the medial frontal gyri (MFG). The left ACC and MFG in
the left hemisphere of the brain may have a facilitatory effect on
art major students. The MFG, known as the “inhibitory area,”
has been verified in tasks that require associations of stimulus-
response (Kreitzer and Malenka, 2008; Brass et al., 2009; Dwyer
et al., 2009; Hill and Miller, 2010; Westerhausen et al., 2010;
Gautam et al., 2011; Kozasa et al., 2012). Westerhausen also
clarified that the MFG might be associated with top-down control
of attentional processes. The MFG may also play a part crucial
role in working memory during the manipulation of actively
maintained information (Bunge and Zelazo, 2006; Woodward
etal., 2006; DeYoung et al., 2010). These findings suggest that the
reduced GMV in the MFG revealed in the present study might
be associated with reduced inhibitory control, which may be
associated with particular characteristics of higher trait creativity,
such as challenge and risk taking.

We concluded that the educational environment of art majors
is largely different from that of non-art majors. This view has also
been confirmed by previous researchers (Golomb and Galasso,
1995). For example, art majors are typically tested on visual

information and on the long-term practice of art skills that are
required to generate creative outputs, which can better exercise
your brain (Cotman and Berchtold, 2002). These behaviors, such
as professional art training for art major students, may enhance
divergent thinking. To some degree, a reduced left hemisphere
itself inhibits. Art majors engage more in professional training
skills than non-art majors, skills that are linked to improving
visual orientation abilities to determine the correct direction to
be taken and the ability to make complicated hand movements,
which can enhance their cranial nerve more effectively (Griffin,
2017). Moreover, some functional studies revealed cingulate
involved in internal selection and frontal region engagement
relevant to task complexity (Starchenko et al., 2003). These
differences in the interaction between the creativity scores of
the two types of college majors could be explained on the one
hand by the professional learning experience of art students. On
the other hand, the results suggested that creativity could be
promoted in art majors by reducing the level of inhibition in the
brain hemisphere and task execution. A further analysis in our
study regarding ROI value t-tests revealed that the values of art
majors were smaller than those of non-art majors. However, in
general, non-art major students rarely engage in designing art
or in creative activities relative to art majors. In particular, the
left ACC and MFG of art majors are smaller than those of non-
art majors. As one of the forms of information representation,
visual mental images involve top-down information processing
based on experience. The idea is that the material of the thinking
process, of which a person has different expression forms of
information in the brain, is more suitable for generating creative
thinking if understanding of composition occurs.

CONCLUSION

In the present study, the behavioral results indicated that the
TTCT-figural score of art majors are higher than non-art majors.
In addition, this fMRI study revealed that the TTCT-figural
scores of art majors exhibited a marginal significant positive
correlation with left ACC and MFG GMVs. These results show
that, in art majors with high figural creativity, long-term exercise
of artistic training may broaden their creativity skills and enhance
their brain plasticity more than in non-art majors. Prolonged
art training broadens the ability of the brain to think openly
and may, in some ways, reduce the inhibitory effect on the right
hemisphere.
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There is an ongoing debate about whether emotional responses to artworks are similar
to those produced by the commercial stimuli experienced in everyday life. In this study,
we evaluated the emotional responses to the visual art and commercial stimuli by using
electroencephalography (EEG) to obtain an objective measure of emotional responses
of the brain, namely the frontal alpha asymmetry. Positive frontal alpha asymmetry
suggests positive emotional responses, and vice versa. The visual art stimuli consisted
of 80 artistic and naturally colored paintings whereas the commercial stimuli consisted
of 80 different window displays of fashion collections. The results revealed that positive
frontal alpha asymmetry was elicited when the participants judged the visual art stimuli
as either beautiful or not beautiful. For the commercial stimuli, positive frontal alpha
asymmetry was observed when they were considered as beautiful, whereas negative
frontal alpha asymmetry was exhibited toward those perceived as not beautiful. These
findings suggest more positive emotional responses to the visual art stimuli, regardless
of their aesthetics. However, favorable emotional responses were only elicited toward
the commercial stimuli regarded as beautiful. The implications for the creative and
aesthetic design of the commercial stimuli in Chinese society in influencing consumers’
emotional responses are discussed.

Keywords: emotional responses, window displays, visual art, aesthetics, creativity, EEG

INTRODUCTION

The visual arts, such as painting and sculpture, are the most prevalent forms of visual artistic
expression in the West that are considered to be creative products (Kaufman et al., 2008; Lan
and Kaufman, 2013). In addition, the visual arts are often associated with aesthetics; hence
investigations into the neural processing involved in art appreciation has rapidly evolved as an
objective and scientific approach to understanding aesthetics (Zaidel, 2010; Shimamura and Palmer,
2012; Chatterjee, 2014). Researchers have used the visual arts to identify the neural correlates of
aesthetic appreciation (Vartanian and Goel, 2004; Lengger et al., 2007; Cela-Conde et al., 2009,
2013; Cupchik et al., 2009; Munar et al., 2012; Vessel et al., 2012; Ishizu and Zeki, 2013; Pang et al,,
2013; Boccia et al., 2014; Gerger et al,, 2014). By using magnetoencephalography and functional
magnetic resonance imaging (fMRI), widely distributed brain regions have been identified as being
associated with aesthetic appreciation of the visual arts; these regions overlap with the functionally
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Visual Art and Commercial Stimuli

connected brain networks involved in reward representation,
affective motor planning, attention-related sensory processing,
and evaluative judgments of social and moral cues (Leder
and Nadal, 2014). These brain regions include the medial
orbitofrontal cortex (Kawabata and Zeki, 2004; Ishizu and
Zeki, 2011, 2013; Cela-Conde et al., 2013; Zeki et al., 2014);
the fronto-median cortex (Jacobsen et al., 2006; Jacobs et al.,
2012); the prefrontal cortex (Jacobsen et al., 2006); the posterior
cingulate gyrus (Jacobsen et al., 2006; Jacobs et al., 2012); the
left temporal pole (Jacobsen et al., 2006); the temporoparietal
junction (Jacobsen et al., 2006); the left angular gyrus (Zeki et al.,
2014); the left superior temporal gyrus (Zeki et al., 2014); and the
amygdala (Jacobs et al., 2012). When stimuli are perceived to be
beautiful, rather than ugly, additional brain regions are recruited
in the orbitofrontal cortex (Jacobsen et al., 2006; Tsukiura and
Cabeza, 2011; Zeki et al.,, 2014), the right amygdala (Di Dio
etal., 2007), and the secondary visual cortex (Jacobs et al., 2012).
Moreover, a delayed brain network is more synchronized during
aesthetic judgment of beautiful stimuli compared with those that
are not considered beautiful. The network consists of the medial
occipital, the lateral occipital, the lateral posterior parietal, the
medial parietal, the medial frontal, and the prefrontal regions of
the left hemisphere (Cela-Conde et al., 2013).

Visual stimuli that have received academic attention include
sculptures (Di Dio et al, 2007); faces (Roye et al., 2008;
Chatterjee et al, 2009; Tsukiura and Cabeza, 2011; Zhang
and Deng, 2012); textures (Jacobs et al., 2012); geometrical
shapes (Jacobsen and Hofel, 2001, 2003; Jacobsen et al., 2006;
Hofel and Jacobsen, 2007; de Tommaso et al., 2008); and even
mathematical formulae (Zeki et al., 2014). However, despite
extensive studies using a variety of different visual stimuli, few
examine the neural processing of aesthetic experiences using
the commercial stimuli. Using fMRI, significantly stronger brain
activation in specific affective areas were found during aesthetic
product presentation; those areas include the ventromedial
prefrontal cortex, the nucleus accumbens, and the cingulate
cortex (Reimann et al., 2010; Jiang and Cai, 2013). In addition,
the commercial products with aesthetic packaging significantly
induced an increase in the reaction time of the consumers’
choice responses (Reimann et al., 2010). The difference in the
response time between non-aesthetic and aesthetic commercial
products was also revealed in an event-related brain potential
(ERP) study by Jiang and Cai (2013), in which less beautiful
color combinations elicited higher P2 and P300 amplitudes than
more beautiful ones. The results suggested that the negative
emotional responses aroused by the less beautiful color were
elicited at an early stage. It was also suggested, therefore, that
aesthetic experiences with beautiful stimuli, regardless of whether
these are artistic or commercial stimuli, involve a delayed
dynamic and functionally integrated brain network, requiring
a longer reaction time to make a judgment compared with
that induced by stimuli that are not beautiful. In our previous
study (Cheung et al, 2014), we demonstrated brain activities
suggestive of an integrative process involved in attention with
central executive processing, and more positive emotional
responses when the personal-appearance styles were judged to
be beautiful. In addition, aesthetic judgment engaged a delayed

synchronized brain network, involving long-range coherence
between the frontal and parietal regions in both hemispheres, and
coherence between the two hemispheres in the frontal and central
regions.

Unlike Western society which views a creative product as
merely a creation, creative products in Chinese society can be
regarded as the outcome of a creative industry (Wang et al,
2007), and as saleable goods that are associated with economic
activities (Lan and Kaufman, 2013). Therefore, the present study
uses fashion window displays as the commercial stimuli, as
they combine both aesthetics and creativity (Pieters et al., 2010;
Law et al., 2013), and are considered as creative products in
China (Lan and Kaufman, 2013). Apart from increasing the
attractiveness of the displayed products to draw the attention
of customers, window displays differ from simple merchandise-
focused displays that convey implicit messages (Diamond and
Diamond, 2007). This is because customers need to rely on their
own interpretation of the inferred message projected from the
window displays for the overall feeling and perception of the
products, store and brand, thereby determining the subsequent
decision to shop; that is, whether they will enter the store
(Sen et al., 2002; Oh and Petrie, 2012). Unlike artworks that
mainly fulfill a hedonic need, window displays provide utilitarian
motives, which induce approach-motivated reactions and goal-
oriented behavior. Therefore, a comparison of the neural
processing of aesthetic experiences and emotional responses to
the visual arts and commercial stimuli can address the research
gap in differentiating the elicited emotional responses from the
art and aesthetics of everyday life by objective and scientific
measures of neural activity in the brain, therefore substantiating
theoretical knowledge of aesthetics and creative products in
Western and Chinese culture. To the best of our knowledge, very
few studies have been carried out that provide insight into the
emotional responses to window displays.

Different emotions are associated with different EEG patterns
in the frontal regions of the brain (Ekman et al, 1990; Fox,
1991). One of the well-documented measures of emotional
responses is the frontal alpha asymmetry (see reviews by Coan
and Allen, 2004; Harmon-Jones et al., 2010). This is calculated
by subtracting the log-transformed absolute alpha power of the
left frontal region from the analogous log-transformed alpha
power of the right frontal region; ie., log right minus log
left (Davidson et al., 2000b). This asymmetry is proposed by
Davidson (1998), who conducted a series of EEG studies using
this asymmetry to reflect human mood states, and repeatedly
identified a positive association between greater relative left-
side activation in the anterior part of the frontal region and
positive mood. Specifically, positive emotion is associated with
greater relative left-sided frontal activation, as compared to right-
sided (Davidson, 2000; Davidson et al., 2000a, 2003), whereas
negative emotion is accompanied by greater relative right-sided
frontal activation, as compared to left-sided (Davidson et al.,
1990, 2000b; Davidson, 1992). As alpha power is inversely
associated with brain activation, positive frontal alpha asymmetry
that denotes greater alpha power on the right and less alpha
power on the left suggests greater relative left-sided activation -
that is, positive emotion. In contrast, negative frontal alpha
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asymmetry represents greater relative activation on the right,
suggesting negative emotion. Our empirical and clinical studies
also demonstrated that the frontal alpha asymmetry is effective
and reliable in discriminating between positive and negative
emotions (Chan et al., 2008, 2011; Cheung et al., 2014).

The current literature has proposed that emotions produced
from viewing the arts are different from those experienced in
everyday life (Frijda, 1988; Frijda and Schram, 1995; Scherer,
2005). For instance, Frijdas emotion theory concluded that
appraisal of artworks is not relevant to the current needs
and goals of individuals (Frijda, 1988). Hence laypeople are
psychologically removed (Cupchik, 2002), which results in less
intense emotional responses. Motivational and goal-oriented
reactions might also be reduced. However, Levinson (1996);
Goldstein (2009), and others have argued that perceivers can
indulge in their aesthetic experiences with art with comparable or
even more intense emotional responses than those experienced
in everyday life, as artworks are usually viewed in a safe and
relaxed environment. Given that there is an ongoing debate
about whether emotional responses to artworks are similar to
those elicited by aesthetic objects found in everyday life, in this
study we compare the neural processing of emotional responses
to aesthetic experiences using two creative products: paintings
versus fashion window displays. In particular, we use the frontal
alpha asymmetry to investigate whether the brain is involved
in a similar way in the emotional responses to the visual art
and commercial stimuli that are regarded as beautiful and not
beautiful.

MATERIALS AND METHODS

Participants

Twenty university students (4 males, 16 females) with specialism
in design or business were recruited from the Institute of Textiles
and Clothing at The Hong Kong Polytechnic University and
participated in the study voluntarily. The participants had a mean
age of 21.15 years (SD = 1.18), had spent 15 years in full-time
education, and reported a negative history of neurological and
psychiatric problems. They completed some fundamental courses
in which their creativity and design skills were nurtured and had
basic knowledge related to fashion business. Given their academic
background, they were competent to make aesthetic judgments
of visual art and commercial stimuli. The study followed the
research guidelines of the Helsinki Declaration of the World
Medical Association Assembly, and the research protocol was
approved by the Human Subjects Ethics Sub-committee (HSESC)
of The Hong Kong Polytechnic University. Informed consent was
obtained from all participants prior to the study in accordance
with institutional guidelines.

Selection of Visual Stimuli

The visual art stimuli consisted of 80 artistic and naturally colored
Western paintings. They downloaded from the classification of
paintings in the ARTStor Digital Library', which consists of more

Lwww.artstor.com

than one million images from 100s of different collections. Based
on the painting styles, such as visual elements, movement or
school, these stimuli were categorized into four types of painting
with twenty in each group, as follows: (i) impressionist art; (ii)
post-impressionist art; (iii) abstract art; and (iv) surrealist art.
Of the 20 paintings in each group, 10 were considered to be
beautiful and 10 were considered to be not beautiful, according
to the criteria below. The commercial stimuli consisted of 80
different window displays, of which 40 were considered to be
beautiful and 40 to be not beautiful. They were taken from
a collection of fashion displays used in teaching and research
(Law et al,, 2012). The displays consisted of different clothing
categories from classic wear to fashionable casual wear and
mass market items. They were also representative of different
types of customer segments, from the High Street shopper to
those with more affluent tastes, and were thus an effective
stimulus for measuring aesthetic-related issues. To emphasize
the relevance of the commercial stimuli on the needs and goals
of the viewer, mannequins were used in the fashion window
displays because they are an important element for retailers in
projecting a three-dimensional space in terms of fit and style
when dressing a physical body (Oh and Petrie, 2012). In addition,
mannequins provide non-verbal cues which attract attention
more easily (Palermo and Rhodes, 2007) and can stimulate
mental visualizations of wearing the displayed clothing (Elder
and Krishna, 2012). Mannequins are therefore an important
visual element for consumers (Kerfoot et al., 2003). The stimuli
of paintings and fashion window displays can be found in the
Supplementary Material.

Prior to the EEG recording, a pilot pool of 160 paintings
(40 from each of the four categories) and 160 fashion window
displays were initially chosen by an independent expert with arts
background who was blind to the experiment. These stimuli were
printed on sheets of A4 paper and were given to 20 anonymous
university students who were not involved in the study, to rate
whether they were perceived as beautiful or not beautiful. The
most beautiful and “absolutely not” beautiful stimuli were chosen
for the experiment, based on the highest consensus from this pilot
pool of paintings and fashion window displays.

EEG Recording

The EEG signals were collected from 64 silver/silver chloride
(Ag/AgCl) sintered electrodes mounted on a stretch Lycra Quik-
Cap (Compumedics Neuroscan, El Paso, TX, United States).
The electrode placement was arranged in accordance with the
international 10-10 system (Chatrian et al., 1985; American
Electroencephalographic Society, 1994). A ground electrode was
located on the forehead anterior to the Fz electrode and the
linked-ears reference was adopted. Eye movements and blinking
were recorded by vertical electrooculograms from the electrodes
on the supraorbital and suborbital regions of the left eye, and
horizontal electrooculograms from the electrodes on the outer
canthi of both eyes. The impedance was less than 10 kQ and
homologous sites were within 1 kQ of each other. A Neuroscan
SynAmps2 amplifier unit (El Paso, TX, United States) with a
bandpass filter of 0.05 to 200 Hz and a sampling rate of 1000 Hz
was utilized to amplify the EEG signals.
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EEG Paradigm

The EEG paradigm included one 4-min resting condition
with eyes open as the baseline, and two experimental
conditions (aesthetic judgment of paintings vs. fashion window
displays). The sequence of the two experimental conditions was
randomized and counterbalanced among the 20 participants.
During the EEG recording, the participants performed aesthetic
judgments of the 80 paintings and 80 fashion window displays,
which were presented for 5 s with an inter-trial interval of 5.5 s.
The visual stimuli were generated, controlled, and presented
using software called STIM2 (Compumedics Neuroscan, El
Paso, TX, United States). The participants were invited to
assess the perceived visual stimuli as either “beautiful” or
“not beautiful” by pressing the corresponding buttons of the
STIM2 Response Pad. The stimuli of paintings and fashion
windows displays were randomly presented (Figure 1). Besides
EEG signals, the behavioral measures included the time
taken by the participants to make aesthetic judgments and
the number of visual stimuli perceived as beautiful or not
beautiful. After two trials of the experimental conditions, the
participants fully relaxed with eyes open for 4 min as the baseline
measurement.

EEG Processing

The EEG signals of the experimental conditions were imported
into the EEGLAB software program to extract the EEG epochs
that corresponded to the visual stimuli perceived as beautiful
or not beautiful, according to aesthetic judgments of the
participants. The epochs were spanned at intervals from 100 ms
pre-stimulus to 1900 ms post-stimulus. The epochs of the visual
stimuli and the EEG signals for the 4-min resting state were
processed by the NeuroGuide (v2.7.9) software program to
remove artifacts. Individual EEG files were first visually inspected
for any gross abnormalities by a trained technician who was blind
to the purpose of the study. Using an EEG template that was
artifact-free for at least 10 s, the data were edited by the built-in
automated artifact detection and rejection toolbox to remove all
non-EEG artifacts, including eye movement and blink artifacts
and drowsiness. Split-half and test-retest reliability tests were
performed on the selected EEG segments with built-in tools in
the NeuroGuide software. For the subsequent spectral analysis of
fast Fourier transformation (FFT), we chose only those segments
with minimum split-half and test-retest reliability ratios of 90%,
and with at least 1 min in the resting state or at least 25 artifact-
free epochs for “beautiful” and “not beautiful.” In the FFT, the

Resp onse

v

Analysis
period

FIGURE 1 | Experimental paradigm of visual stimulus. (A) Random presentation of paintings with 20 visual stimuli (10 beautiful and 10 not beautiful) in each of the
four categories: (i) impressionist art; (i) post-impressionist art; (i) abstract art; and (iv) surrealist art. (B) Random presentation of fashion window displays (40 beautiful
and 40 not beautiful). Participants were asked if they perceived the visual stimuli as either “beautiful” or “not beautiful” and responded by pressing a STIM2 Response
Pad. Red rectangles indicate examples of visual stimuli perceived to be not beautiful and blue rectangles indicate examples of those perceived to be beautiful.

v
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EEG data from each channel were transformed into predefined
frequency ranges.

The EEG data for the resting condition and the epochs for
the visual stimuli were analyzed over 64 electrode placements in
the alpha frequency band (8 to 12 Hz) to calculate the frontal
alpha asymmetry (Chan et al., 2008, 2011; Cheung et al., 2014)
by subtracting the log-transformed absolute alpha power of the
left frontal region (F3) from the analogous log-transformed alpha
power of the right frontal region (F4); i.e., log F4 minus log
F3. Based on Davidson’s findings (Davidson, 1992, 1998, 2000;
Davidson et al., 1990, 2000a,b, 2003), which associate the frontal
alpha asymmetry with emotional responses, the frontal alpha
asymmetry index was used in this study to compare the emotional
responses between the baseline (resting with eyes open) and
the experimental conditions (aesthetic judgment of paintings or
fashion window displays). A positive asymmetry index - that
is, higher alpha power on the right frontal region of the brain
(F4) and lower alpha power on the left frontal region (F3) -
represents a more positive emotional response. Conversely, a
negative asymmetry index represents a more negative emotional
response.

Statistical Data Analysis

The statistical data analysis was carried out using SPSS Version
21.0 for Windows (SPSS, Inc., Chicago, IL, United States).
The normal distribution of the data was confirmed by
Kolmogorov-Smirnov tests and parametric statistics were
used for comparisons. Comparisons of the EEG data during
resting condition with EEG epochs for the “beautiful” and
“not beautiful” stimuli were conducted through paired-
sample t-tests with 19 degrees of freedom. Repeated
measures analysis of variance (ANOVA) with two within-
subject factors was conducted to compare the frontal alpha
asymmetry across conditions and stimuli to detect any overall
differences between related means [(Condition: Dbeautiful
vs. not beautiful) x (Stimuli: paintings vs. fashion window

displays)]. To indicate the effect sizes, partial eta-squared (“129)
values were also reported for ANOVA tests. For significant
factors from the ANOVAs, further post hoc comparisons
were made using paired-sample t-tests with 19 degrees of
freedom.

RESULTS

Behavioral Performance

The participants endorsed 98.5% (or 78.8) of the 80 paintings
as either beautiful or not beautiful. The remaining 1.5% (or 1.2)
did not receive a response. Of the 80 fashion window displays,
97.9% (or 78.3) were endorsed as either beautiful or not beautiful,
while 2.1% (or 1.7) did not receive a response. Table 1 shows
the mean judgment latency (calculated only for the trials that
had responses), number of visual stimuli perceived as beautiful
and not beautiful, and their standard deviations. There were no
significant differences between the judgment latency and number
of paintings and fashion window displays perceived as beautiful
or not beautiful (p > 0.05).

Frontal Alpha Asymmetry

Visual Stimuli Versus Resting

The paired-sample f-tests revealed a positive frontal alpha
asymmetry when the paintings were perceived to be beautiful
(M = 0.048), in comparison with the resting condition
(M = —0.003; t = 2.325, p = 0.031). Negative frontal alpha
asymmetry was found when the fashion window displays
were judged to be not beautiful (M = —0.067; t = —2.967,
p = 0.008). There was no significant difference in the frontal
alpha asymmetry between the resting condition and paintings
perceived to be not beautiful, or between the resting condition
and fashion window displays perceived to be beautiful.

Visual Art Versus Commercial Stimuli

A repeated measures ANOVA with two within-subject factors
was conducted to compare the frontal alpha asymmetry [(Stimuli:
paintings vs. fashion window displays) x (Condition: beautiful
vs. not beautiful)]. The main effects of Stimuli [F(1,19) = 33.402,
p=0.000, 12 =0.637] and Condition [F(1,19) = 16.305, p = 0.001,

o= 0.462] and the interaction effect of Stimuli and Condition
[F(1,19) = 5.113, p = 0.036, " = 0.212] were all significant,
which means that there were significant and condition-specific
differences in the frontal alpha asymmetry between the paintings
and fashion window displays. Subsequent post hoc pairwise
comparisons showed that the frontal alpha asymmetry induced
by the paintings (M = 0.043) was generally more positive and
significantly higher than that induced by the fashion window
displays (M = —0.013, with p = 0.000). In addition, the frontal
alpha asymmetry induced by visual stimuli that were perceived to
be beautiful (M = 0.044) was also more positive and significantly
higher than that induced by visual stimuli that were perceived to
be not beautiful (M = —0.015, with p < 0.001).

As shown by the post hoc paired-sample t-test (Figure 2),
there was no significant difference in the frontal alpha asymmetry
between the paintings that were perceived to be beautiful
(M = 0.048) and not beautiful (M = 0.037; t = 0.912, p = 0.373).
However, the frontal alpha asymmetry of the fashion window
displays that were judged to be beautiful (M = 0.041) was
generally more positive than that of the fashion window displays
that were perceived to be not beautiful (M = —0.067; ¢t = 3.139,
p = 0.005). Comparison between the paintings and fashion
window displays indicated that there was no significant difference
in the frontal alpha asymmetry between the paintings (M = 0.048)
and fashion window displays (M = 0.041) that were perceived to
be beautiful (+ = 0.387, p = 0.703). However, the frontal alpha
asymmetry of the fashion window displays that were perceived to
be not beautiful (M = —0.067) was significantly lower than that
of the paintings that were perceived to be beautiful (M = 0.048;
t = 6.238, p = 0.000) and not beautiful (M = 0.037; t = 4.008,
p=0.001).

DISCUSSION

Aesthetic emotions, as modeled by both Chatterjee (2004) and
Leder et al. (2004), are one of the outputs of aesthetic experiences.
Using fMRI, several brain regions have been identified as
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TABLE 1 | Number of visual stimuli perceived to be beautiful or not beautiful and mean judgment latency using EEG experimental paradigm.

Beautiful Not beautiful t-Test p-Value Cohen’s d
Paintings 38.45 + 9.49 40.35 £ 9.75 —0.443 0.663 0.099
Fashion window displays 38.10 £+ 13.89 40.25 + 14.37 —0.344 0.735 0.015
Response time to paintings (ms) 1498.81 + 364.98 1493.23 + 423.06 0.068 0.947 0.077
Response time to fashion window displays (ms) 15673.71 + 348.95 1561.83 + 358.51 0.159 0.876 0.035
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FIGURE 2 | Frontal alpha asymmetry (log F4 minus log F3) of visual stimuli perceived to be beautiful or not beautiful. More positive frontal alpha asymmetry value
was observed when participants perceived paintings and fashion window displays to be beautiful or paintings to be not beautiful, and more negative frontal alpha
asymmetry value was exhibited when fashion window displays were perceived to be not beautiful.

being related to aesthetic emotions, including the temporal pole
(Jacobsen et al., 2006), the bilateral insular cortex (Cupchik
et al., 2009), the orbitofrontal cortex (Cela-Conde et al., 2004;
Kawabata and Zeki, 2004), the caudate nucleus, and the anterior
cingulate cortex (Vartanian and Goel, 2004). These results suggest
that positive aesthetic experiences involve affective processes
related to the reward value of the aesthetically judged stimuli.
More functional activity has also been observed in the right
amygdala, which has the primary role of processing emotional
responses when images are perceived to be beautiful, compared

to images that are regarded to be not beautiful (Di Dio et al,
2007). These fMRI studies focus on localizing the brain regions
during aesthetic experiences, but cannot determine whether
pleasurable emotional responses are elicited during aesthetic
experiences. Given this limitation, we recently carried out a
study that used the frontal alpha asymmetry as an index of
mood states to examine whether aesthetic judgment of personal-
appearance styles as beautiful resulted in a pleasurable experience
for the perceiver (Cheung et al., 2014). We found that, compared
to the resting condition, positive frontal alpha asymmetry,
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which points to a positive emotional response, was observed
when the participants perceived the personal-appearance styles
to be beautiful. On the other hand, negative frontal alpha
asymmetry, which points to a negative emotional response, was
found when the personal-appearance styles were regarded as
not beautiful. As an extension to previous studies, the present
study investigated and compared the emotional responses to the
aesthetic experiences of the visual art stimuli (paintings) versus
commercial stimuli found in everyday life (fashion window
displays) to determine if emotional responses to the former
were similar to those elicited by the latter. Using paintings as
the visual art stimuli, the findings demonstrated that regardless
of whether they were perceived to be beautiful, we found
positive frontal alpha asymmetry, and no significant difference
in the frontal alpha asymmetry between them. Compared to the
resting condition, the frontal alpha asymmetry was significantly
higher and more positive when the paintings were considered
to be beautiful. Changes in the frontal alpha asymmetry are
closely related to affective-state manipulation. Studies indicate
that environmental stimuli triggering positive or approach-
related emotions (such as joy) result in greater relative left
frontal activation (more positive frontal alpha asymmetry) than
environmental stimuli encouraging negative or withdrawal-
related emotions (such as disgust, fear, and sadness). The latter
emotions produce greater relative right frontal activation (more
negative frontal alpha symmetry) (Davidson and Fox, 1982;
Ekman et al.,, 1990; Coan et al., 2001). Therefore, positive affective
responses or approach-related emotions were produced when the
participants viewed the paintings. Moreover, aesthetic judgments
of the visual art stimuli as beautiful or not beautiful produced
similar emotional responses. Indeed, the findings of the positive
emotional responses toward artworks negatively perceived are
consistent with the findings of Gerger et al. (2014), who found
that in an art context, negative stimuli are viewed more positively.
Therefore, aesthetic experiences of creative products in an art
context, such as paintings, facilitate more pleasurable emotional
responses in the perceiver, and aesthetics does not seem to play
a significant role in determining the emotional response. Even
though the visual stimuli are perceived to be not beautiful,
positive or approach-related emotions are still produced if the
visual stimuli are viewed in an art context.

As compared to the paintings that are considered to be
creative products in the West (Kaufman et al., 2008; Lan
and Kaufman, 2013), the emotional response to the aesthetic
experience of fashion window displays, which are considered
to be products of the creative industry in China, was similar
only when the visual stimuli were perceived to be beautiful.
Positive frontal alpha asymmetry was found when the fashion
window displays were perceived to be beautiful. Therefore, the
results suggest that emotional responses to the visual art stimuli
were similar to those to the commercial stimuli regarded as
creative products in Chinese society only when the latter were
considered to be beautiful. These findings are not consistent with
those of Gerger et al. (2014), who found a slightly less positive
reaction toward positive stimuli in the art context compared
to a non-art context, thus suggesting distanced processing
of the former (Cupchik, 2002). One possible reason for the

discrepancy might be the perceived relevance during aesthetic
judgments. In our study, the participants judged the visual
art stimuli purely in term of aesthetics (i.e., beautiful versus
not beautiful) and without subjective preferences, whereas the
participants in Gerger et al. (2014) were asked to determine how
much they liked the stimuli, thus incorporating their personal
preferences and affecting the psychological distance toward
the stimuli. Therefore, the intensity of the emotional response
toward stimuli during aesthetic experiences may differ if both
subjective judgments of likeableness and aesthetic judgments
are taken into consideration, because the intensity of emotional
responses toward aesthetics may not necessarily be equivalent to
those involved in likeableness. Whether aesthetic responses and
common emotions are mediated by a similar mechanism has not
yet been resolved (Leder and Nadal, 2014). Given that subjective
preference was not controlled in the present study, it would be
worthwhile to investigate and compare the emotional responses
during aesthetic judgments and subjective preferences.

In contrast to Gerger et al. (2014) findings, the present study
found a significant difference in the frontal alpha asymmetry in
judging fashion window displays that were not perceived to be
beautiful, as compared to the paintings as well as fashion window
displays that were considered to be beautiful. A more negative
frontal alpha asymmetry was found when the fashion window
displays were not perceived to be beautiful. This is consistent with
the findings of our previous study (Cheung et al., 2014), in which
a negative frontal alpha asymmetry was found when personal-
appearance styles were judged to be not beautiful, thus suggesting
a negative emotional state. The intention or behavior of the
participants following the observed change in emotional state
was not investigated in this or the previous study. Nevertheless,
emotional responses are likely to elicit corresponding behaviors;
that is, “coping” or “motivated” (approach or withdrawal)
behavior (Harmon-Jones and Sigelman, 2001; Harmon-Jones
et al,, 2003). Therefore, if fashion window displays are perceived
to be not beautiful, the perceiver will experience a negative
or withdrawal-related emotional response, which therefore
substantially affects consumer behavior, such as alienating them
from entering the premises. If such displays are perceived as
beautiful by a customer, they may trigger a positive or approach-
related emotional response that would instead motivate the
customer, such as facilitating their entry into a store and making
a purchase. Therefore, our findings highlight the significance of
aesthetically pleasing fashion displays in which both creativity
and aesthetics play important roles in encouraging favorable
emotional responses. Unlike the creative products in an art
context in the West, products from the creative industry in
Chinese society, like fashion, largely rely on aesthetics to elicit
a more pleasurable emotional response in the perceiver. Given
that the visual art stimuli can produce a more positive emotional
response, incorporating art elements into fashion displays may
facilitate more prominent positive or approach-related emotional
responses.

One of the limitations of this study is the laboratory setting
in investigating the aesthetic experiences of paintings and
fashion window displays. There is growing evidence that there
are differences between the processes that underlie aesthetic
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experiences in the laboratory and in real-life contexts. For
instance, Brieber et al. (2014) compared aesthetic experiences
in a museum and laboratory and found that the participants
preferred the artworks, found them more interesting, and viewed
them longer in a museum as opposed to a laboratory. Context
is therefore an important modulating factor in the aesthetic
experience of artworks and commercial stimuli. It would be
worthwhile therefore to examine emotional responses in real-
life contexts and compare them with laboratory results to gain a
better idea of the differences in emotional responses. In addition,
most of the fashion window displays used as visual stimuli in this
study were new to the participants, whereas some of the paintings
might have been more familiar as they could have encountered
them during museum visits. Several studies have investigated the
relationship between novelty and aesthetic experience in product
design (e.g., Hekkert et al.,, 2003; Blijlevens et al., 2012; Hung
and Chen, 2012). When the relationship between novelty and
aesthetic preferences toward environmental stimuli is plotted, the
result is an inverted U-shaped curve, which means that moderate
levels of novelty are associated with the stimuli that are perceived
to be the most beautiful. Therefore, the intensity of emotional
responses to novel versus familiar stimuli may differ in art and
non-art contexts and should be controlled in future experiments.

As in our previous study (Cheung et al., 2014), the present
study found no significant difference in response time between
“beautiful” and “not beautiful” judgments. Some studies have
suggested early impression formation of aesthetic evaluation of
the “not beautiful” pattern (Hofel and Jacobsen, 2007; Roye
et al., 2008; Jiang and Cai, 2013), whereas larger decision times
were found to be involved in aesthetic judgment of beautiful
objects (Zhang and Deng, 2012). The discrepancy may be due
to differences in the recording process. Electrophysiological
responses revealed in ERP were utilized in these previous studies
to directly record brain activity, whereas our study used a
behavioral approach (pressing the response pad) to record the
response time, thus resulting in less precision.

Finally, another limitation is related to uneven gender
distribution, as only four males were recruited for the present
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Creativity was a special cognitive capacity which was crucial to human survival and
prosperity. Remote associates test (RAT), identifying the relationships among remote
ideas, was one of the most frequently used methods of measuring creativity. However,
the structural characteristics associated with RAT remains unclear. In the present study,
the relationship between gray matter density (GMD)/white matter density (WMD) and
RAT was explored using voxel-based morphometry (VBM) in a larger healthy college
student sample (144 women and 117 men). Results showed that the score of RAT was
significantly positively related with the GMD in the right anterior superior temporal gyrus
(aSTG) and negatively correlated with the GMD in the right dorsal anterior cingulate
cortex (JACC). Meanwhile, results also showed that the score of RAT was significantly
positively related with the WMD in the right dACC and negatively correlated with
the WMD in the left inferior frontal gyrus (IFG). These findings indicate that individual
creativity, as measured by the RAT, was mainly related to the regional gray /white matter
density of brain regions in the aSTG, dACC and IFG, which might have been involved
in the forming of novel combinations, breaking of mental set, monitoring of conflict and
semantic integration.

Keywords: creativity, remote associates test, voxel-based morphometry, anterior superior temporal gyrus, gray
matter density

INTRODUCTION

Creativity is an important cognitive ability which was crucial to human survival and prosperity
(Ashtari and Cyckowski, 2012). It was considered as the creation of something unusual as well
as potentially useful (Rex Eugene Sternberg and Lubart, 1993; Jung et al., 2013). The systematic
exploration of creativity within psychology begins with the Guilford’s (Guilford, 1950) seminal
address at the American Psychological Association (APA).

Creativity can be the result of divergent as well as convergent thinking (Guilford, 1950; Arden
et al., 2010; Dietrich and Kanso, 2010). In the divergent thinking task, subjects were asked to
generate multiple answers to open-ended questions, such as “describe what would happen if there is
no sun” or “generate as many alternative uses as possible for brick”. In the convergent thinking task,
participants were required to generate single answers to closed-ended problems, such as the Remote
Associates Task (Mednick, 1962). The creative thinking process had been further defined .. .as the
forming of associative elements into new combinations which either meet specified requirements
or are in some way useful” (Mednick, 1962). Mednick (1962) proposed the associative theory of the

Frontiers in Psychology | www.frontiersin.org 114

February 2019 | Volume 10 | Article 155


https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2019.00155
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fpsyg.2019.00155
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2019.00155&domain=pdf&date_stamp=2019-02-04
https://www.frontiersin.org/articles/10.3389/fpsyg.2019.00155/full
http://loop.frontiersin.org/people/539448/overview
http://loop.frontiersin.org/people/223574/overview
http://loop.frontiersin.org/people/116821/overview
http://loop.frontiersin.org/people/99113/overview
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Lietal

Neuroanatomical Correlates of Creativity

creative process and developed the remote association test (RAT),
assessed the ability to identify relationships among remote ideas,
as the form of a test of creative convergent thinking. Two
university-level versions of RAT were constructed and each
version consisted of thirty problems (Mednick and Mednick,
1967; Mednick, 1968). Each problem consisted of three stimulus
words that can be combined with a fourth word in several
ways, such as with synonymy, compound word and semantic
association (Mednick and Mednick, 1967; Bowden and Jung-
Beeman, 2003). Based on RAT, Bowden and Jung-Beeman (2003)
had created a whole set of 144 Compound Remote Associate
(CRA) problems which can be solved through formation of a
compound word with all three given words. Overall, RAT or
similar problems had been widely used in the investigation of
insightful problem solving and creative thinking (e.g., Bowers
et al.,, 1990; Schooler and Melcher, 1995; Kihlstrom et al., 1996;
Ansburg, 2000; Qiu et al., 2008).

Previous studies indicate the importance of associative
processing for convergent thinking (Mednick et al., 1964; Brown,
1973; Benedek et al., 2012). Higher associative fluency and more
unusual association were found in more creative people rather
than less creative people (Benedek et al., 2014). Other studies also
found that there were more abundant and flexible connection
networks in more creative people compared to less creative
people (Carlsson et al., 2000; Jausovec and Jausovec, 2000).
These inter-individual creative behavioral differences might be
revealed by the structural brain imaging method (Kanai and Rees,
2011).

Recent investigations utilized electroencephalography (EEG)
and functional magnetic resonance imaging (fMRI) to explore the
neuromechanism of remote associates problems (for reviews see
Arden et al., 2010; Dietrich and Kanso, 2010). Previous studies
found that the superior temporal gyrus (STG) was consistently
associated with creative thinking (Jung-Beeman et al., 2004;
Kounios et al., 2008). For example, Jung-Beeman et al. (2004)
investigated remote associate problems solving with fMRI and
EEG. They found that increased brain activity in the right
anterior STG was associated with insightful solutions relative to
non-insightful solutions. With EEG they found that insightful
problem solving was accompanied by high frequency EEG
activity in the same brain region. These results might suggest that
the STG area was involved in the linking of unrelated concepts
together or the changing of representation.

A growing number of studies have centered on the inter-
individual behavioral differences (Kanai and Rees, 2011) and
its associated neuroanatomical correlates using non-invasive
structural magnetic resonance imaging (sMRI) (e.g., Takeuchi
et al., 2010a; Jung et al,, 2010b; Li et al, 2015). T1-weighted
imaging was the frequently- used sMRI sequence, which offered
brain images with higher resolution and lower noise. Some
indicators, regional gray matter density (rGMD), regional gray
matter volume (rGMV) and cortical thickness, were obtained
from T1-weighted image. Both rGMV and rGMD could be
obtained from voxel-based morphometry (VBM) method which
was used usually and possessed high validity in measuring
brain structure. The rGMV measure reflected the absolute
gray and white matter volume, whereas the rGMD reflected

the relative gray and white matter concentrations (Takeuchi
et al, 2011). The results of both rGMD and rGMV were
typically similar (Good et al., 2001). These two kinds of
measures were used frequently in brain anatomical researches
(Andrea et al., 2005). Because of the gray matter which was
thinning during natural maturing process (Sowell et al., 1999;
Sowell et al., 2003; Sowell et al., 2014) and adolescents who
were in the key period of cortical thinning (Ashtari and
Cyckowski, 2012; Fuhrmann et al, 2015), rGMD was used
more frequently than rGMYV in studies in which subjects were
adolescents.

Although creative thinking was a pervasive research topic
in the domains of psychology and cognitive neuroscience, the
neural basis of creativity remains largely unclear. Previous studies
have investigated the neuroanatomical correlates underlying the
measures of divergent thinking using sSMRI. One review article
indicated that convergent thinking was related to an increase
as well as a decrease of cortical volume and thickness (Jung
etal., 2013). Increased brain regions consisted of superior parietal
lobule (Gansler et al., 2011), precuneus, midbrain, dorsolateral
prefrontal cortex and striatum (Takeuchi et al., 2010a), and
right angular gyrus and posterior cingulate (Jung et al., 2010b).
Cousijn et al. (2014) further found that visuo-spatial divergent
thinking was associated with increased cortical thickness in the
right superior frontal gyrus and various occipital, parietal, and
temporal areas. At the same time, Fink et al. (2014) explored the
relationship between rGMD and divergent thinking and found
that divergent thinking was positively correlated with the rtGMD
in the right cuneus and the right precuneus which might be
involved in vivid imaginative ability in more creative individuals.
Other studies further manifested that divergent thinking was
associated with the increased rGMV in left and right inferior
frontal gyrus (Zhu et al, 2013) and precuneus and caudate
nucleus (Jauk et al., 2015) and the increased rGMD in the right
precuneus and cuneus (Fink et al., 2014). These brain structure
studies indicated that the structural basis of divergent thinking
was associated with widely distributed brain regions (Dietrich,
2007; Takeuchi et al., 2017) and not a supporter of the notion of
“more is better” (Jung et al., 2010a). These inconsistent results
might be because of the complicacy of divergent thinking which
depends on several cognitive functions (Dietrich, 2004; Dietrich
and Kanso, 2010; Takeuchi et al., 2010b; Jung et al., 2013).

On the other hand, relatively few studies investigated the
structural correlates of convergent thinking (e.g., RAT) using
sMRI. Bendetowicz et al. (2017) employed 54 participants
to investigate the brain anatomical basis of RAT and found
the problem-solving associated with the decreased rGMYV in
the left rostrolateral prefrontal cortex as well as the left
inferior parietal lobule. Ogawa et al. (2018) explored the neural
basis of the insightful task (e.g., RAT) in a large sample
(232 subjects) and found the task score correlated with the
increased rGMYV in the right insula and the middle cingulate
cortex/precuneus and the decreased rGMV in the left crus 1 of
cerebellum and the right supplementary motor area. A recent
study explored the anatomical basis of remote association test
in bipolar depression patients and found this test associated
with the increased rGMV in the medial prefrontal gyrus.
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Although these results conflicted with previous fMRI study
of convergent thinking (Jung-Beeman et al., 2004), it was
consistent with the findings of divergent thinking associated
with widely distributed brain regions. A recent meta analysis
study investigated the neural basis of insight and found that
extensive brain regions, containing the left inferior frontal gyrus
and the amygdala, and the right medial frontal gyrus and
the hippocampus, were activated by insight problem solving
(Shen et al., 2018). Another review specialized in the function
of the temporal lobe in insightful process and revealed an
integrated-model on the role of different parts of temporal lobe
in insight (Shen et al.,, 2017). However, no study investigating
the association between convergent thinking and structural
regions examined whether intelligence may also moderate the
relationship between creative potential and brain structure in
light of rGMD.

In the present study, we focused on the convergent thinking
measured by the Chinese version of RAT modified from the
compound association task (Bowden and Jung-Beeman, 2003)
and the structural basis of convergent thinking using the measure
of rGMD derived from VBM method. The latest study found
that divergent thinking training could increase the rGMV in
the dorsal anterior cingulate cortex (Sun et al., 2016). Other
research indicated that frequently recruited brain regions would
increase its volume (Maguire et al., 2000). We assumed that brain
regions activated by convergent thinking would correspond with
brain structural characteristic (e.g., increased and/or decreased
rGMD) with the purpose of creativity performance. One of
the goals of the present study was to confirm whether brain
regions activated by compound remote association task in
Mark Jung-Beeman et al. (2004) could be found again in the
matter of rGMD. Previous studies indicated the importance of
prefrontal gyrus for creativity. Besides, Broca’s area, a portion of
inferior frontal gyrus, was known for involvement in language
comprehension and production. Hence, the prefrontal gyrus or
inferior frontal gyrus might likely to rediscovered. Consider that
the anterior cingulate cortex was proved repeatedly and reliably
by numerous studies to be involved in cognitive conflict detecting
and mental set breaking (Dietrich and Kanso, 2010). Based on
the notion that brain regions involved in some cognitive function
would impact the efficiency and quality of the individuals
capacity to complete that function, the performance of RAT
was assumed to be related with rGMD in anterior cingulate
cortex which were certified to be crucial to insightful problem
solving.

MATERIALS AND METHODS

Participants

Two hundred and seventy-six university students (150
females and 126 males; the mean = 19.89 vyears, standard
deviation = 1.28), who came from Southwest University
(Chonggqing, China), participated in the present research. The
sample involved in our study was a part of Southwest University
Longitudinal Imaging Multimodal (SLIM) data (for more details,
please see: http://www.qiujlab.com), which was available for

other investigators through the International Neuroimaging
Data-sharing Initiative (INDI)'. The main purpose of this project
was to explore the relationship among individual differences in
brain structure and function, creativity, and mental health. The
protocols of both behavioral and structural MRI were confirmed
by the research ethics committee of Southwest University.
The informed consent form was signed by participants before
participating, which was authorized by the Institutional Human
Participants Review Board of Brain Imaging Research Centre in
Southwest University.

Nine subjects were removed because of the unfinished
questionnaires of RAT and CRT. Another six participants were
excluded because of the excessively large scanning artifacts and
unnatural brain structures. Thus, 261 participants remained in
the topological properties analysis. There were 117 males (mean
age = 20.09 years, standard deviation = 1.33) and 144 females
(mean age = 19.69 years, standard deviation = 1.23).

Assessment of Convergent Thinking

The RAT was used to measure convergent thinking, which
developed by Mednick (1962) as a means of measuring creativity
considered with no need for knowledge specific to any field. We
selected 25 items which were evaluated to be insightful (mean
score > 1.8) on a scale of 1 (No-insightful feeling) to (strongest
insightful feeling) for each items by another group of subjects
(total 20). Each of the 25 items consists of three Chinese words
that could be connected with an answer word in the way of
formation of a compound word. For example, the three words
“pai, mai, fan” (#, 3%, ) were connected with the solution word
“mai” (%) by way of the forming of compound word (#3%,
%3k, M%), Reaching a solution needs creative thinking, because
the information extracted from memory is usually wrong, and
participants must come up with a more remotely related word
for the purpose of problem solving. The intra-subject reliability
was 0.719 measured by Cronbach’s alpha.

Assessment of General Intelligence

The Combined Raven’s Matrices Test was used to test subject’s
general intelligence and corrected for the possible effect of
intelligence on brain structures (Haier et al., 2004). This test
consisted of 72 items (Li, 1989). More details on what CRT were
consisted and how CRT was performed could be found in our
previous research (Li et al., 2016). The number of right answers,
completed in 40 min, was regarded as the score of CRT.

Data Acquisition

Siemens 3T scanner (MAGENTOM Trio, a Tim System) was
used to scan subjects, which was located at the Brain Imaging
Research Centre in Southwest University, Chongging, China.
Magnetization-prepared rapid gradient echo sequence was used
to acquireT1-weighted structural MRI images (TR = 2530 ms,
TE =3.39 ms, TI = 1100 ms, flip angle = 7°, FOV =256 x 256 mm,
slice number = 128, in-plane resolution = 1 x 1 mm, slice
thinkness = 1.33 mm).

'http://fcon_1000.projects.nitrc.org/indi/retro/southwestuni_qiu_index.html
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Imaging Data Preprocessing

VBMS toolbox* was used, and implemented in SPM8 software’
to perform the T1-weighted images. Firstly, each image was
examined visually and six participants were removed on account
of image quality (excessive scanner artifacts or gross anatomical
abnormalities). Secondly, each subject image was adjusted
manually to the anterior commissure (AC) and posterior
commissure (PC). Thirdly, the “new segmentation” in SPMS8
was used to segment the image into gray matter, white matter,
cerebrospinal fluid and everything else (e.g., skull and scalp)
followed the standard segmentation approach (Ashburner
and Friston, 2005). Fourthly, the Diffeomorphic Anatomical
Registration through Exponential Lie algebra (DARTEL)
implemented in SPM8 was used to execute registration,
normalization and smoothness analyses. The study-specific
template was computed in registration analyses based on
the average tissue probability maps. The images were then
resampled to 1.5mm x 1.5 mm x 1.5 mm and normalized to the
generated study-specific template which was in the MNI space.
The normalized images were smoothed using an 8-mm full
width at half maximum (FWHM) Gaussian kernel. The images,
which represent the regional gray matter density and regional
white matter density, were used for the following statistical
analyses.

Behavioral Data Analysis
The statistical software SPSS 13.0 (SPSS Inc., Chicago, IL, United
Sates) was used to analyze behavioral data. The independent ¢-test

was carried out to explore the gender differences in the score of
RAT and CRT.

MRI Data Analysis

The multiple regression analysis was used to investigate the
relationship between convergent thinking and brain structure.
The score of RAT was considered as the variable of interest and
the gender, age and the score of CRT were entered simultaneously
as the covariates as previous researches (R.E. Jung et al., 2010b;
Fink et al., 2014; Li et al., 2015).

Multiple comparisons were calculated by using the Monte
Carlo simulation-based Alphasim program (Cox, 1996; Ward,
2000), which was included in the REST toolbox* (Song et al.,
2011) and similar to the AlphaSim in AFNIL The threshold was
set at P < 0.05 by combining the voxel-wise P < 0.005 and
cluster size > 310 voxels (using the global gray matter mask,
FWHM = 8 mm, cluster connection radius = 5 mm and 1000
iterations). Generally, AlphaSim was widely used in previous
literatures about VBM data analysis (DeYoung et al., 2010;
Schwartz et al.,, 2010; Ding et al., 2012; Zou et al.,, 2012; Farb
et al., 2013; Kong et al., 2013; Yang et al., 2013). Although there
might be some limitations with Monte Carlo simulation (Silver
et al,, 2011), it reduced the rate of false-positive results using the
cluster-level threshold.

Zhttp://dbm.neuro.uni-jena.de/vbm/
3https://www.fil.ion.ucl.ac.uk/spm/software/spm8/
4http:/ /restfmri.net/forum/REST_V1.8

RESULTS

Results of Behavioral Data

The results of descriptive analysis of age, the scores of RAT and
CRT were displayed in Table 1. Two-sample ¢ tests revealed that
there were no gender differences in the score of RAT and the
score of CRT (Ps > 0.1). The P-P plot and frequency histogram
with a normal distribution curve of the score of RAT and CRT
were shown in Figure 1. The Skewness of the scores of RAT
and CRT were —0.414 and —0.490, respectively and the Kurtosis
was 0.067 and —0.539, respectively. These results showed that
both the scores of RAT and CRT were approximately normal
distribution.

Results of Structural MRI Data

After controlling the effects of age, gender and the score of
CRT, the multiple regression analysis showed that RAT was
significantly positively correlated with the rGMD in the right
STG and negatively correlated with the rGMD in the right
dorsal anterior cingulate gyrus (dACC). Meanwhile, the analysis
also revealed that RAT was significantly positively related with
the rWMD in the right dACC and negatively related with the
rWMD in the left inferior frontal gyrus (IFG) expended to
pars opercularis. No other significant effects were found. The
information of above brain regions was shown in Figure 2 and
Table 2.

DISCUSSION

In the present research, the anatomical basis of convergent
thinking as measured by RAT was explored using VBM. As far
as I knew, it was the first research to explore the relationship
between individual convergent thinking measured by RAT and
GMD/WMD. Results showed that the rGMD of the right STG
was positively correlated with RAT, while the rGMD of the
right dACC was negatively correlated with RAT. In addition,
the results also revealed that the rWMD of the right dACC was
positively correlated with RAT, while the rWMD of the left IFG
was negatively correlated with RAT. These results corresponded
to the findings that the STG was activated by remote association
problem solving and ACC and IFG were involved in creative
thinking and insightful problem solving (Jung-Beeman et al.,
2004; Aziz-Zadeh et al., 2009; Dietrich and Kanso, 2010; Jung
et al., 2010b).

Previous ERP studies had revealed that the STG was a
common region involved in remote associates problems solving
(Kounios et al., 2008; Qiu et al., 2008). Other research found
that sentence and complex discourse increased the activation

TABLE 1 | Participant demographics (N = 261; men = 117, women = 144).

Measure Mean SD Range
Age 19.86 1.29 17-27
RAT 15.97 3.40 5-24

CRT 66.19 3.47 50-72

N = number; SD = standard deviation.
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FIGURE 1 | The P-P plot and histogram of the score of RAT (upper) and CRT (lower).

401
30 AN
20
101
G T T T T T T
0 5 10 15 20 25
The score of RAT
401 B
30 /_\ |
20 1
104
G T '? = T T T T T
45 50 55 60 65 70 75
The score of CRT

in STG which involved in semantic integration (Mazoyer et al.,
1993; Stowe et al., 1999). Moreover, patients with right temporal
damage would be in trouble during comprehending metaphors
which emphasized distant semantic correlation (Brownell et al.,
1990). Especially, Mark Jung-Beeman et al. (2004) used fMRI to
explore the neuromechanism of RAT and found the increased
activation in the right STG which supposed to conduct
coarse semantic coding and accelerate the formation of remote
associations. A recent review specialized in the function of the
temporal lobe in insightful process and indicated that the aSTG
was a critical hub in the novel association forming (Shen et al.,
2017). Our findings further proved the notion that brain regions
involved in some cognitive function would impact the efficiency
and quality of the individual’s capacity to complete that function.
Taken together, the positive association between the rGMD of the
STG and the score of RAT might demonstrate that the right STG
was particularly important for tasks which required the using of
distant semantic associations between words.

The results also revealed that the rGMD of the right dACC
was negatively associated with RAT and the WMD of the
right dACC was positively correlated with RAT. Previous study
suggested dACC involved in detecting conflicts (Botvinick et al.,
1999; Enriquez-Geppert et al., 2013). It was suggested that ACC

involved in the process of almost all types of creativity, such
as insightful problem solving (Carlsson et al., 2000) and artistic
creativity (Bengtsson et al., 2007; Berkowitz and Ansari, 2008;
Kowatari et al., 2009). A recent research showed that the scores
of creativity achievement questionnaire (CAQ) was positively
associated with the rtGMV in dACC and rostral ACC. Previous
studies suggested that the ACC involved in the suppression of
irrelevant thought, the shift of fixed mind-sets (Sawyer, 2011) and
the development of general strategies in creative problem solving
(Luo and Knoblich, 2007). Howard-Jones et al. (2005) discovered
creative story generation activated the ACC which engaged in
the selecting contextual information from episodic memory and
monitoring extra conflict to form the novel and appropriate story.
In consideration of the importance of dorsal ACC in different
creative tasks, the critical node of executive network, these results
might suggest that the executive network facilitated the process
of creative performance.

Meanwhile, the results revealed that the rWMD of the left
IFG which extended to pars opercularis was negatively associated
with RAT. This was in accordance with research that proved
that verbal creative task involved in IFG, supplementary area and
premotor cortex (Brown et al., 2006; Mashal et al., 2007). Broca’s
area, usually located in the triangular and opercular part of IFG
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FIGURE 2 | Gray matter density (GMD) and white matter density (WMD) were correlated with RAT scores. GMD was positively correlated with RAT scores in anterior
STG (A) and negatively correlated with RAT scores in dorsal ACC (B). WMD was positively correlated with RAT scores in dorsal ACC (C) and negatively correlated
with RAT scores in IFG (D). All results were shown at t > 2.5 for visualization purpose.

TABLE 2 | Brain regions significantly correlated with the score of RAT.

Brain regions H MNI coordinates Cluster size (mm?) t-value (peak voxel)

X y z

Gray matter density
Positive Correlation

Superior Temporal Gyrus R 60 6 -3 1474.9 5.45
Negative Correlation
Anterior Cingulate Gyrus R 7.5 —-15 44.5 1454.6 4.38

White matter density
Positive Correlation

Anterior Cingulate Gyrus R 13.5 -1.5 45 1339.9 418
Negative Correlation
Inferior Frontal Gyrus L —25.5 6 27 1067.6 4.73

H, hemisphere; L, left hemisphere; R, Right hemisphere; MINI, Montreal Neurological Institute. The P-value was set at P < 0.05 corrected by AlphaSim.
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in left hemisphere, was frequently engaged in verbal fluency
(Costafreda et al,, 2010) and semantic generation (Vidorreta
et al., 2015). Other fMRI research also found the left IFG was
involved in the generation of creative idea (Bechtereva et al,
2004), inventive conception (Zhang et al., 2014), matchstick
problem task (Kleibeuker et al., 2013) and creative writing (Shah
et al,, 2013). REE. Jung et al. (2010a) investigated the association
between divergent thinking and white matter integrity measured
by Fractional Anisotropy (FA) and found the score of divergent
thinking task was negatively associated with the FA in the left IFG.
In our study, the decreased rGMD in the left IFG was associated
with convergent thinking. This might be because the cortical
thinning was the inevitable process during cortical maturity.
Sowell et al. (1999) found the gray matter density in the frontal
lobe decreased from adolescence to adulthood. This reduction
was thought be related to the increased efficacy of cognitive
processing (Ernst and Korelitz, 2009). This was confirmed by the
study’s finding that the decreased cortical thickness in frontal lobe
was associated with intelligence in early childhood (Shaw et al.,
2006) and the reduced cortical thickness in lingual gyrus was
related with creative task (Shaw et al., 2006). Shen et al. (2018)
also indicated that the left IFG was a part of the brain network
involved in insight process and played an important role in the
inhibitory of improper associations and the breaking of mental
sets. In the present study, the decreased rGMD associated with
higher RAT score might indicate that there was higher efficiency
and quality of the left IFG in semantic generation and integration,
which facilitated the performance of creative behavior.

In our findings, the score of RAT was associated with
STG and IFG, and was partially consisted of the model of
semantic processing named Bilateral Activation, Integration, and
Selection (BAIS) (Jung-Beeman, 2005). This model supposed that
semantic function consisted of three parts: semantic activation,
semantic integration, and semantic selection. Three different
brain regions lived in two brain hemispheres, posterior middle
and superior temporal gyrus, anterior middle and superior
temporal and inferior frontal gyrus, backed up these semantic
parts, respectively (for more details M. Jung-Beeman, 2005).
A great deal of research on creativity cognition indicated that
one or more of the above brain regions were involved in creative
performance (e.g., Jung-Beeman et al., 2004; Bengtsson et al.,
2007; Abraham et al., 2012; Aziz-Zadeh et al., 2012; Jung et al,,
2013; Kleibeuker et al., 2013; Beaty et al., 2014; Benedek et al,,
2014; Zhang et al.,, 2014; Li et al.,, 2015). This model reinforced
the relationship between creative cognition, semantic integration
and semantic selection.

In the present research, the deceased and increased GMD were
both found to be related with convergent thinking. But what
larger or smaller was more better? Previous results suggested that
neural plasticity might be expressed through reorganization of
gray matter or white matter and reflected in the deceased and
increased in disparate regions (Maguire et al., 2000; Draganski
et al., 2006). Similar results also found the gray matter volume
were positively and negatively correlated with creativity in
disparate brain regions (Chen et al, 2014; Li et al, 2015).
This question might be elucidated after the implementation
of longitudinal or intervention in further studies. Our results

further certified the notion that the functional information can
be measured in white-matter and challenged the opinion that
the blood oxygenation level-dependent (BOLD) signals in white
matter was considered as noise (Logothetis and Wandell, 2004).
Previous studies demonstrated the white matter BOLD signals,
such as the low-frequency BOLD fluctuations (LFBFs) (Ji et al.,
2017), resting-state functional connectivity (Jiang et al., 2018) and
functional networks (Huang et al., 2018), can be reliably detected
in the white-matter. These findings proposed that the WM signals
may be of physiological significance. Other studies also found the
relationship between WMD and creativity (Zhu et al., 2013; Fink
et al., 2014; Chen et al., 2018).

CONCLUSION

The present research used VBM to identify the GMD correlates of
divergent thinking as measured by RAT. The results showed that
a positive correlation between GMD in the right STG and RAT,
while a negative correlation between GMD in the right dACC
and RAT. In addition, the WMD in the dACC was positively
correlated with the RAT. These results indicate that higher
convergent thinking might be related to the enhanced ability of
sentence comprehension, information integration and conflict
monitoring. However, several limitations should be noticed.
Because the young undergraduate participants with high-level
education and right-handed subjects were enrolled, the external
validity of our research would be affected. Mismatch of the
sex distribution of our study was not matched perfectly (117
men versus 144 women). Although we found the relationship
between convergent thinking and brain gray matter, we could not
answer the question about the direction of relationship between
convergent thinking and the increased/decreased rGMD. Future
longitudinal or intervention investigations might promote the
solution of the complex relationships between convergent
thinking and brain structure. Moreover, because the present
research adopted only the rGMD to explore the structural basis
of RAT, more method could be used in the investigation of the
neural mechanisms of RAT in future. Given that convergent
thinking consisted of various task, such as anagram word puzzles
(Kounios et al., 2008) and Chinese logogriphs (Qiu et al., 2010),
the brain structural basis of other convergent thinking tasks could
be explored in the future study.
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The aim of this study is to explore the relationship between counter-stereotypes and
creativity, and further explore the mechanism underlying the impact of priming counter-
stereotypic information on individual creativity. More importantly, here we have proposed
cognitive and emotional dual processing pathways, which may mediate the influences of
counter-stereotypes on creativity. Two experiments examined how counter-stereotypes
impacted creativity through the dual processing pathways. A total of 152 university
students were recruited to test their creativity performance. In Experiment 1, we
replicated results of past studies. Participants were randomly allocated to different
priming conditions (stereotype or counter-stereotype), in which descriptions of male
governors and female nurses served as priming of stereotypes, whereas descriptions
of male nurses and female governors served as priming of counter-stereotypes.
Measurements of creativity were based on the poster paradigm. The poster paradigm
required participants to design a poster for a college fellowship party. In Experiment 2,
we recruited 104 participants to examine the mediating roles of emotions and cognitive
flexibility. The procedure of Experiment 2 was similar to that of Experiment 1, except
for the measurement of creativity, which was Chinese idiom riddle test. Participants
who selected more creative answers were more creative, based on the criteria of our
experimental design. Also, we included measurements of emotions (i.e., surprise and
delight) and cognitive flexibility (using the Cognitive Flexibility Scale) after priming of
stereotypes and counter-stereotypes in Experiment 2. We also verified the credibility of
our counter-stereotype measurements. The results of Experiment 1 —which replicated
previous studies—demonstrated that priming of counter-stereotypes promoted creative
performance compared with priming of stereotypes in the poster paradigm. However,
our proposed dual processing pathways were not fully verified by Experiment 2. The
results of this experiment showed that neither surprising nor delighted emaotion mediated
the influence of counter-stereotypes on creativity, whereas cognitive flexibility did. In
conclusion, our current study reveals a mechanism of creative performance in terms
of cognitive flexibility, and further inspires us to focus on the positive influence of
counter-stereotypes on creativity.
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INTRODUCTION

Creative ability has played an important role in the development
of human society (Gong et al., 2016). Creativity is considered
as a primary motivational factor and a core competency for the
development of enterprises, organizations, and nations. Similarly,
creativity is an indispensable quality for individual development
and is in greater demand in modern-day China. Thus, more
research is required to develop methods for increasing creativity.
On the other hand, China is a collectivistic country (Hofstede,
2001), and the environment here is a disadvantage of personal
creativity development comparing with individualistic countries
(Goncalo and Staw, 2006; Zha et al., 2006). Former results
about creativity promotion method might present differently for
collectivism culture. Therefore, it is also necessary to reexamine
the effectiveness of creativity training in China. Previously,
psychologists have widely explored methods of innovation
and creativity training. As early as 1950, JP Guilford had
already advocated research in the area of creativity, which then
increased the number of researchers focused on its structural
components. Today, research on creativity is continuously
developing, improving its measurements (Hocevar, 1981; Kim,
2006), training people’s creativity (Scott et al, 2004), better
understanding its social and cultural influences (Amabile, 1983;
Shalley and Gilson, 2004), and exploring its unique cognitive
neural mechanisms (Dietrich and Kanso, 2010; Beaty et al., 2016).

Recently, social psychologists have conducted extensive
research on factors influencing individual creativity. This
research has demonstrated that emotion and cognitive factors
both play significant roles in individual creative performance
(Ward, 2007; Akinola and Mendes, 2008; De Dreu et al., 2008).
Furthermore, from the perspective of social cognition, several
scholars have also found a close connection between stereotypes
and creativity (Goclowska et al, 2013). The present study
focuses on the relationship between counter-stereotypes and
creativity—based on previous research—and further examines
the mechanism of counter-stereotypic priming on individual
creativity performance in terms of cognitive and emotional
factors.

Since the publication of Galton’s Hereditary Genius in 1869,
researchers have constructed a variety of theories on creativity
(Huang et al., 2005). Cognitive processing is regarded as an
important factor that affects individual creative performance
(Hayes, 1989; Batey and Furnham, 2006; Sternberg, 2006), as
well as the degree of one’s independence, innovation, and
flexibility. Many empirical studies have focused on cognitive
factors influencing an individual’s creativity (Barron and
Harrington, 1981; Simonton, 2014; Kandler et al., 2016). For
example, Nusbaum and Silvia (2011) found modest correlations
between cognitive executive processes and creativity. Next, using
multivariate structural equation modeling, recent study further
confirmed that both associative and executive processes have
a significant impact on the production of novel ideas (Beaty
et al., 2014). Furthermore, a subsequent functional Magnetic
Resonance Imaging fMRI study revealed the inner-cognitive
neural-activation mode of creative thought. A distributed
network involving dorsolateral prefrontal cortex—a locus for

cognitive executive networks—was found to support this process
of creative thought (Beaty et al., 2015). In conclusion, studies have
already found a close relationship between cognitive abilities and
creativity.

Stereotypes are general and fixed cognitive views of a
social group (Zhang et al, 2016; Sun et al, 2016; Song and
Zuo, 2016). On the contrary, counter-stereotypes refer to an
individual’s cognitive views of a social group—in terms of
perceived behaviors or traits—which are inconsistent with or
contrary to the mindset of the social group in question (Liu
and Zuo, 2006; Leicht et al, 2017). Recently, many studies
have focused on whether presentation of counter-stereotypic
information would influence people’s cognitive abilities (Damer
et al., 2017; Colombo et al., 2018). These studies have suggested
that presentation of counter-stereotypic information not only
reduces stereotypes and prejudice related to certain groups
(Dasgupta and Greenwald, 2001; Columb and Plant, 2011; Lai
et al, 2014; Finnegan et al., 2015), but also promotes an
individual’s cognitive flexibilities and may concomitantly affect
creativity (Asgari et al,, 2010; Asgari et al., 2012). Therefore,
theoretically, it seems that counter-stereotypic information could
affect creativity performance through cognitive pathways.

Several researchers have attempted to examine the influence
of counter-stereotypes on creativity directly (Parish and
Hudson, 1970; Dumas and Dunbar, 2016). After activating
participants’ stereotypes through an imagination of an “eccentric
poet” or “rigid librarian,” researchers conducted divergent
thinking tasks to measure participants’ creative performance.
The results showed that stereotype activation could truly
enhance participant’s divergent thinking abilities. Furthermore,
in view of possible interferences of emotion, some other
researches controlled these emotional variables and examined
whether priming of counter-stereotypes also have similar
effects (Goctowska et al., 2013, 2014). These studies found
that counter-stereotypes could increase cognitive flexibility
while improving creativity performance. Cognitive flexibility
refers to a kind of strategy or capability for flexible switching
from one stimulation, manipulation, or psychological mode to
another when necessary (Vartanian, 2009). The interpretation
by the researchers was that, after activating counter-stereotypic
information, the specific content of stereotypic knowledge was
no longer effective. Participants would think more about other
possibilities (i.e., exhibit more flexible thinking) and thereby
increased their creativity.

Although existing studies have demonstrated the promotion
of counter-stereotypes on individuals' cognitive flexibility
and creative performance, they have not considered possible
mediating roles of cognitive flexibility among them. It is adaptive,
as it helps people change their behavioral patterns and strategies
effectively when facing new circumstances or environments, in
order to solve problems (Heilman et al., 2003; Sligte et al., 2011).
Presentation of counter-stereotype information is beneficial
to improve an individual’s cognitive flexibility (Goclowska
et al., 2013), which is closely related to divergent thinking and
creativity (Evans and Stanovich, 2013; Barr et al,, 2015). Thus,
cognitive flexibility may be an important mediating variable
between counter-stereotypes and creativity.
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Furthermore, counter-stereotypes may also affect creativity
through emotions. Researchers have believed that counter-
stereotypic information generates surprise, which interrupts
an individual’s existing thinking process and diverts their
attention to unexpected stimuli (Prati et al., 2015). Meanwhile,
surprise may motivate people to analyze differences between
cognitive schemas, which evoke curiosity regarding the nature
of these differences. Some researchers have pointed out that
high-activation positive emotions—such as those found to be
exciting, energetic, and interesting—can improve creativity and
lead people to perform better on insight tests and divergent
thinking tasks (Ashby and Isen, 1999; Hirt et al, 2008;
Conner and Silvia, 2015). Therefore, it seems plausible that
emotional responses triggered by counter-stereotypes could
enhance individual creativity as well.

As for the manipulation of stereotype priming, we selected
stereotype and counter-stereotype priming based on previous
studies (Goclowska et al., 2013, 2014), which used gendered or
racial exemplars for stereotype or counter-stereotype priming.
However, racial cues are not predominant cues for Chinese,
even for children (Zhang et al, 2018), so we only took
gendered stereotype/counter-stereotype exemplars into account
for different priming conditions.

Studies of gender stereotypes are often intertwined with
occupational stereotypes (Eagly and Steffen, 1984; White
and White, 2006; Bolukbasi et al., 2016). Assertiveness and
performance indicate greater agency in men, while warmth and
care for others are signs of greater communality in women; these
gender biases lead to different occupational selections (Ellemers,
2018). Thus, the priming of our study focused on occupational
gender stereotypes as an exemplar, where we selected governing
as a high-agency occupation and nursing as a high-communal
occupation. We chose male governors and female nurses as
stereotype-priming exemplars, while female governors and male
nurses were selected as counter-stereotype-priming exemplars.
On the other hand, previous research has shown that people,
regardless of their own gender, are less tolerant of men behaving
in counter-stereotypic ways compared with such behavior in
women (Signorella and Liben, 1984; Hughes and Seta, 2003;
Sullivan et al., 2018). These findings imply that the promotion of
creativity in terms of counter-stereotypes priming may be differed
across target’s gender. Therefore, the influence of a target’s gender
is also included in our analysis.

In summary, even though previous studies have illustrated
a direct relationship between counter-stereotypes and creativity
(Goclowska et al., 2013, 2014), its mechanism has not been
fully examined. Based on previous research, we argue that
emotion and cognitive flexibility may both play roles in this
process. Thus, the aim of this study is to replicate prior research
using the poster paradigm (Goclowska et al., 2013), as well
as via a different paradigm based on Chinese culture. More
importantly, this study proposes a two-pathway model to explain
the mechanism of counter-stereotypes influencing the promotion
of an individual’s creativity. This two-pathway model posits
that counter-stereotypes affect creativity through emotion and
cognitive flexibility; in other words, we hypothesize that emotion
and cognitive flexibility play mediating roles in this process.

EXPERIMENT 1: INFLUENCE OF
COUNTER-STEREOTYPES ON
CREATIVITY

Methods
Participants
There were 48 voluntary participants (24 males) involved in
this experiment, Mage = 19.17, SD = 1.99. Each participant was
randomly arranged to one of the experiment conditions. The
specific grouping and age distribution are shown in Table 1.
This study was carried out in accordance with the
recommendations of American Psychological Association
(APA) ethical guidelines. The protocol was approved by the
Ethics Committee of the Center for Studies of Social Psychology
at Central China Normal University. Before conducting the
formal experimental procedure, all participants were given an
informed consent form in accordance with the Declaration
of Helsinki. The informed consent form included a brief
description about our study and some possible uncomfortable
situations, as well as the confidentiality of their data in terms
of remaining anonymous in any publication related to this
study. It also informed them about their rights to withdrawal
from the experiment at any time, and also included contact
information of the researchers so that participants could inquire
about any further details of the study. Participants indicated their
willingness by checking the “I agree” option and signed their
names. The informed consent procedure was identical for all
following experiments.

Materials

We recruited 37 participants (21 males, Mage = 20.73, SD = 2.16)
to examine the reliability of priming exemplars used in previous
studies (i.e., male governor, male nurse; female governor, and
female nurse). Participants were required to assess the typicality
of four exemplars through the Likert 7-point scale (1 = very
typical, 7 = very untypical), where higher scores indicate more
counter-stereotypic exemplars. A repeated measure Analysis of
Variance (ANOVA) showed that scores of counter-stereotype
exemplars (M = 4.76, SD = 4.35) were significantly higher than
scores of stereotype exemplars (M = 2.41, SD = 2.54), ps < 0.001.
Therefore, these exemplars can be used for stereotype/counter-
stereotype priming.

Procedures

This experiment adopted a 2 x 2 randomized block design.
The independent variables were targets’ gender (male vs. female)
and priming type (stereotype priming vs. counter-stereotype
priming). The dependent variable was their creativity on the
poster design.

The procedures were conducted in our laboratory, and
each participant completed the experiment alone. Participants
were randomly assigned to one of our priming groups (male
stereotype: male governors; male counter-stereotype: male
nurses; female stereotype: female nurses; and female counter-
stereotype: female governors). First, for stereotype/counter-
stereotype priming, participants needed to complete a description

Frontiers in Psychology | www.frontiersin.org

February 2019 | Volume 10 | Article 105


https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Zuo et al.

Cognitive Flexibility, Counter-Stereotypes, Creativity

TABLE 1 | Participants’ allocation and their age distribution in Experiment 1.

Stereotype priming group

Counter-stereotype priming group

Targets’ gender N Mage SD N Mage SD
Male 12 18.83 217 12 18.83 1.12
Female 12 19.67 1.78 12 19.33 2.71

task (Leicht et al., 2014). They were instructed to describe their
corresponding group target with six different adjectives. Then, to
test the effectiveness of the priming manipulation, participants
also evaluated the typicality of the target using the 7-point Likert
scale (1 = very typical, 7 = very atypical), which is identical with
the procedure used in previous studies. Participants then had to
answer what their perceived typicality was for each target in the
target’s gender group. For example, if a participant were arranged
into the male stereotype group, they needed to answer the
question, “What is your perceived typicality of male governors
based on male stereotypes?”.

To replicate the findings from previous studies, we also used
the poster paradigm—which these studies used—to first measure
participants’ creativity (Goclowska et al., 2013). After the priming
of stereotypes or counter-stereotypes, participants were asked to
design a poster for their fellowship party, which needed to be as
novel and unique as possible. Participants could draw their own
poster in any form which they preferred within 5 min.

Results

We used Statistical Package for the Social Sciences (SPSS)
21.0 to analyze our data. Before starting, three psychology
postgraduate students were invited to evaluate the creativity
of participants’ poster designs on a 7-point Likert scale. The
postgraduate students were blinded to the design of our
experiment and they made their evaluations individually on
separate rating sheets. Once obtained, we calculated their
internal consistency reliability, with Cronbach o = 0. 772,
which indicated the reliability of their evaluation. Thus, we
averaged their ratings of participants’ creativity of poster
designs.

Firstly, we conducted an independent sample ¢-test to analyze
the effectiveness of priming manipulation. The typicality of
targets in stereotype priming groups was significantly lower than
that of the counter-stereotype priming groups, which indicated
an effective manipulation of priming.

Then, a two-way ANOVA only showed a marginal significant
main effect of stereotype priming, F(1, 44) = 3.43, p = 0.074,
np? = 0.071. Specifically, the creativity of stereotype priming
conditions (M = 2.42, SD = 1.06) was lower than that of
counter-stereotype priming conditions (M = 2.95, SD = 0.94).
Furthermore, we separated our files by the target’s gender
to examine whether different counter-stereotype exemplars
have different promotional effects in creativity. Interestingly,
the results revealed that counter-stereotype information only
promoted creativity when presented a male counter-stereotype
exemplar (e.g., male nurse), F(1, 22) = 5.36, p < 0.05, 1% = 0.196,
rather than a female counter-stereotype exemplar (e.g., female

governor), F(1, 22) = 042, p = 0316, n,> = 0.014. On
the other hand, we did not find a significant main effect
based on the target’s gender, F(1, 44) = 0.00, p = 0.981,

np® = 0.000, or interaction between independent variables,
F(1, 44) = 0.88, p = 0.359, npz = 0.019 (as shown in
Figure 1).

Discussion

The results of Experiment 1 replicated what previous studies
have found (Goctowska et al, 2013, 2014), in that priming
of counter-stereotypes boosted creativity to a certain extent.
However, considering differences between the background
of Eastern and Western cultures, perhaps the poster design
itself was a difficult task for Chinese students since most of
them have never previously taken part in a party. Therefore,
we decided to transform the measurement of creativity in
accordance with our cultural background, which is better
reflected in the Chinese Idiom Riddle Test (Zhu et al., 2009).
Despite there being insignificant interactions between stereotype
priming and the target’s gender, we still found differences in
creativity promotion for male and female counter-stereotype
exemplars. Counter-stereotypic male exemplars promoted
creativity performance more than counter-stereotypic female
exemplars. This result is in accordance with a previous finding
that people have less tolerance to counter-stereotypic male
exemplars (Signorella and Liben, 1984; Hughes and Seta, 2003;
Sullivan et al., 2018), implying that this effect may not only
generate negative attitudes, but also influence relative cognitive
processes.

EXPERIMENT 2: THE MEDIATING
EFFECTS OF EMOTION AND COGNITIVE
FLEXIBILITY

Methods

Participants

We recruited 104 college students in Wuhan as participants.
One of the participants information on gender and age was
lost; we assigned this individual to the male counter-stereotype
priming group. Considering we did not take participant’s gender
into account as an independent variable, this participant was
still included in our final analysis. Similar to Experiment 1, all
the participants were randomly assigned to four experimental
conditions and their grouping and age distribution are displayed
in Table 2. Participants volunteered to be involved in this study.
The informed consent procedure was identical to Experiment 1.
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FIGURE 1 | The interaction of target gender and priming type in Experiment 1.
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TABLE 2 | Participants’ allocation and their age distribution in Experiment 2.

Stereotype priming group

Counter-stereotype priming group

Targets’ gender N Mage SD N Mage SD
Male 29 19.14 2.15 25 19.16 1.60
Female 23 19.36 2.34 27 18.96 1.61
Measurements participant’s cognitive flexibility. In this study, the Cronbach’s a

For the measurement of creativity, we adopted the Chinese
idiom riddle test with a 10-item idiom riddle (Zhu et al.,
2009). This test is one of several insight problem-solving tasks
developed from traditional Chinese idioms, and its items and
options have been examined in previous studies (Zhu et al,
2009; Huang et al, 2013). Each Chinese idiom riddle item
was followed by four options: two irrelevant options, one
creative option, and one common option. Participants were
required to choose a creative answer which they thought would
have the same meaning with the riddle item. A participant’s
creativity was calculated based on the number of correct
selections, with more creative answers indicating a higher level
of creativity.

To explore the mediating effect of emotion, especially surprise
and delight, participants needed to rate the intensity of their
emotions on the 7-point Likert scale (-3 = very unsurprised/un-
delighted; 3 = very surprised/delighted). A higher score indicated
a more intensive emotion activated by stereotype/counter-
stereotype priming.

The measurement of cognitive flexibility was developed
from a scale examined by Martin and Rubin (1995). This
scale consists of 12 items, including 4 reversed items (2, 3,
5, and 10). Participants were required to rate each item on
a 7-point Likert scale (1 = very incongruent and 7 = very
congruent). After reversing the scores of these four items,
we calculated the mean of all the items as the score of the

of this scale was 0.83, indicating an accessible reliability of this
scale.

Procedures

Design of Experiment 2 was similar to Experiment 1, also
adopting a 2 (targets’ gender: male vs. female) x 2 (priming
type: stereotype vs. counter-stereotype) randomized block design.
The dependent variable was the participant’s performance on the
Chinese idiom riddle test.

The procedure of Experiment 2 was almost identical with that
of Experiment 1, except for creativity and the mediation variables
measurements. First, participants were instructed to complete
a description task to prime stereotypes/counter-stereotypes.
Then they needed to report the typicality of the targets in
the description task. A Chinese idiom riddle test followed
with a 2-min time restriction. In addition, after measuring
the independent and dependent variables, the participants were
required to rate their intensity of surprise and delight upon
completion of the description task. Finally, participants needed
to complete a 12-item cognitive flexibility scale.

Results

The Role of Counter-Stereotypes in Creativity
Promotion

We checked the effectiveness of manipulations of priming
types. An independent-samples ¢-test showed that the
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FIGURE 2 | The interaction of targets’ gender and priming type in Experiment 2.
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typicality of stereotype priming groups (M = 3.29,

SD = 2.19) was significantly lower than that of counter-
stereotype priming groups (M = 429, SD = 1.60),
#(91.42) = 262, p < 005 d = 051, 95%CI = [0.24,

1.75]. Thus, the manipulation of priming type was proven
effective.

A two-factor ANOVA on participants’ creativity showed
a main effect of priming type, F(1, 100) = 3.93, p = 0.05,
np2 = 0.04, while there was no main effect of targets’ gender,
F(1, 100) = 0.01, p = 0.95, npzz 0.000; the interaction
between priming type and targets’ gender was not significant,
F(1, 100) = 0.15, p = 0.70, np*> = 0.002. Compared with
stereotype priming (M = 4.06, SD = 2.59), the counter-stereotype
priming (M = 5.00, SD = 2.10) had better effects on the
promotion of participants’ creativity. Further analysis showed
that, although both insignificant, male counter-stereotype
priming, F(1, 53) = 2.68, p = 0.11, np* = 0.05, could promote
participants’ creativity performance better, than female counter-
stereotype priming, F(1, 47) = 1.38, p = 0.25, n,> = 0.03 (as shown
in Figure 2).

Examination of the Mediating Effects of Emotion and
Cognitive Flexibility

We analyzed the mediating effects of emotion (i.e., delight and
surprise) and cognitive flexibility using the Process procedure
in SPSS (Hayes, 2013). We assumed that all three mediated the
influence of priming type on creativity. The descriptive statistics
were conducted first, as shown in Table 3.

As shown in Table 3, there was a significant correlation
between priming type and creativity. Hence, we were able to
further analyze any mediating effects. The priming types were
independent variables, participants’ creativity were dependent
variables, while delight, surprise, and cognitive flexibility were
mediating variables. The results of the mediating effects are
shown in Table 4.

From the results of the mediating effects, we can see a
significant direct relationship between predictive variables
and explanatory variables, with an accessible overall
explanatory power of the model. The priming type could
significantly predict participants’ surprise. Meanwhile, its
prediction on cognitive flexibility was marginally significant.
Furthermore, after including all the mediating variables
into our model, we found an attenuated direct relationship
between priming type and creativity, which turned out to
become insignificant. On the other hand, only participants’
cognitive flexibility could predict their creative performance.
Therefore, cognitive flexibility partly mediated the influence
of counter-stereotype priming on creativity, as shown in
Figure 3.

Discussion

Experiment 2 replicated the role of counter-stereotypes on
creativity promotion. Moreover, it demonstrated a more
important pathway of cognition, which played a significant
mediating role in this process. Cognitive flexibility partly
mediated the relationship between counter-stereotypic priming
and creativity, while the mediating effects of emotion (i.e.,
surprise and delight) were not significant. Compared with
stereotype priming, the participants cognitive flexibility
improved only under counter-stereotype priming conditions,
and they performed better on breaking existing mindsets.
In addition, the increased cognitive flexibility improved
participants’ performances in the following creativity test.
This study provides further support for the findings of
Goclowska et al. (2013), confirming their inferences about
their results. Researchers have found that people tend to overly
rely on their stereotypes and newly-activated knowledge to
unconsciously limit their flexible thinking (Ward, 2007). Once
provided with the opposite information, their stereotyped or
schematized knowledge is no longer effective, and they have
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TABLE 3 | Means, SDs and correlation of mediate model.

Variables M(SD) Priming type Surprise Delight Cognitive flexibility
Surprise —0.67 (2.17) 0.42%**
Delight 0.87 (1.85) —0.03 0.08
Cognitive flexibility (0.80) 0.18 0.09 —0.05
Creativity (2.39) 0.20* 0.09 0.15 0.23*
Note: ***p < 0.001, **p < 0.01, *p < 0.05, *p < 0.10.
TABLE 4 | The mediating effect analysis of emotions and cognitive flexibility.
Predictors Outcome variables ] SE t P
Direct effect
Priming type Creativity 0.94 0.46 2.04 0.04
Indirect effect
Priming type Cognitive flexibility 0.29 0.16 1.87 0.07
Surprised 1.796 0.39 4.62 <0.001
Delighted —0.083 0.29 -0.28 0.78
Cognitive flexibility Creativity 0.611 0.29 2.1 0.04
Surprise —-0.017 0.12 —-0.15 0.88
Delight 0.269 0.15 1.75 0.08
Priming type 0.819 0.51 1.62 0.11
R2 0.045
F 4167
Cognitive flexibility
*
0.61
*
0.44 o
> Creativity
0.81
-
w02 et
Surprised
0.27
4 Delighted
FIGURE 3 | The mediating effect of cognitive flexibility. ***p < 0.001, **p < 0.01, *p < 0.05, *p < 0.10.

to turn from conventional knowledge to newer strategies.
In so doing, they construct solutions to problems in a
more flexible way, thus demonstrating a higher level of
creativity.

GENERAL DISCUSSION

To explore the influence of counter-stereotypes on creativity and
its psychological mechanism in a Chinese cultural context, three
experiments were designed in this study to verify the relationship
between these variables and—for the first time—compared the

emotional and cognitive pathways in which counter-stereotypes
affect creativity performance. The results demonstrated that
in the context of Chinese culture, counter-stereotypes could
improve individual creativity while cognitive flexibility played a
partial mediating role. The mediating role of surprise and delight
was not evident. This study is significant for understanding
counter-stereotypes, creativity, and the relationship between
the two. First, our replicated results of previous research
have demonstrated that the influence of counter-stereotypes
on creativity has cross-cultural stability. Second, our study
found that creativity performance could be changed through
manipulation of counter-stereotypes, which is consistent with
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previous research and indicates the malleability of creativity
(Dumas and Dunbar, 2016). Finally, the confirmation of the
mediating role of cognitive flexibility on the relationship between
counter-stereotypes and creativity further reinforces and deepens
the findings of Goclowska et al. (2013).

Cognitive Factors in the Influence of

Counter-Stereotypes on Creativity

One of the purposes of this study was to compare the emotional
and cognitive pathways through which the counter-stereotype
priming affects creativity performance. We found that individual
cognitive flexibility can play a partial mediating role in the
relationship between counter-stereotypes and creativity. This
finding complements previous research on cognitive flexibility
(Goctowska et al., 2014). Although previous research has
explored the influence of counter-stereotypes at the cognitive
level, most of the research only focused on some concepts in the
domain of social cognition (Dasgupta and Greenwald, 2001; Lai
et al.,, 2014; Finnegan et al, 2015). Our present study extends
the influence of counter-stereotypic information to a new field,
creativity, to which its relevance was previously considered less
obvious.

From the perspective of social cognition, we can discover
the connection between counter-stereotypic information and
creativity. As a simple and quick cognitive schema, stereotypes
are key to our social processing. Although this stereotyped
way of thinking is fast and effective, it is prone to form an
overly-rigid mindset and conflicts with the core process of
creativity — the generation of novel connections (Sternberg,
2006; Zhan et al.,, 2015; Gong et al., 2016). Cognitive-oriented
researchers believe that, in our problem-solving process, there
are particular scripts which lead to creative thinking (Galinsky
et al, 2008). This procedure is also applicable in terms
of the influence of counter-stereotypic information. Counter-
stereotypic information improves an individual’s cognitive
flexibility so that they are no longer limited to existing
mindsets, knowledge, and experience. With its influence,
people unconsciously pay more attention to novel stimulation,
regardless of existing knowledge and mindsets, so that they
demonstrate a higher level of creativity.

As a new strategy, the improvement of counter-stereotypy
on creativity has practicality. Previous research has suggested
that diversified experiences (Godart et al., 2015) or counter-
stereotypic information presentation has a positive effect on
individuals’ creativity (female engineers; Anderson et al., 2014).
This is also implicated in our research. If people can actively
and voluntarily enrich their experience or access more counter-
stereotypic information, they will improve their creativity even
when living in a common environment.

Emotional Factors in the Influence of
Counter-Stereotypes on Creativity

To investigate the mediating effects of surprise and joy,
Experiment 2 conducted emotional measurements after priming
of stereotype and counter-stereotype information. Even though
the results replicated previous studies (Prati et al, 2015),

that counter-stereotypes indeed trigger surprise and delight,
our results also predicted participants’ creativity. However, the
mediating effect of either delight or surprise was not significant,
which is probably due to the following reasons.

Firstly, from the perspective of the priming task, existing
research has suggested the influence of emotion on creativity
through cognitive flexibility and persistence (Nijstad et al,
2010). Thus, in our study, cognitive flexibility relates creativity
more directly compared with emotions, because we used the
adjective description task for counter-stereotype priming. This
task required adequate cognitive processing when participants
described the targets. In addition, the Chinese idiom riddle test in
this study is a type of insight test, which demonstrates automatic
association—through unconsciousness—to creative thinking.
This measurement relates more with people’s existing knowledge
about traditional Chinese idioms and memory, which is more
likely reflecting people’s cognitive abilities. This experiment
shows the “matching effect” between counter-stereotype priming
tasks and creativity measurements, only connected through
cognitive pathways. Therefore, future research could examine
whether the promotion of counter-stereotypic information on
creativity also acts via emotional pathways, with a more
emotional priming approach.

From another perspective, the emotional change due to
counter-stereotype priming is momentary. As a result, although
the real-time measurement shows that counter-stereotype indeed
has triggered the participants’ surprise, this emotional arousal
might not be maintained throughout the creativity measurement.
Therefore, follow-up studies could try to change the method of
stereotype priming and make the priming process produce a
more lasting and profound emotional experience.

The Effect of Counter-Stereotypes on

Creativity Differs Across Target’s Gender
Throughout two experiments, we have found a stable difference
of creativity promotion between male and female counter-
stereotype targets. Male counter-stereotype target improve
creativity significantly more than female counter-stereotype
target both in poster design and Chinese idiom riddle test.

These results are in accordance with previous findings, which
revealed that people have different attitudes toward counter-
stereotypic behaviors of male and female (Hughes and Seta, 2003;
Signorella and Liben, 1984; Sullivan et al., 2018), i.e., people tend
to evaluate negatively to counter-stereotype male rather than
counter-stereotype female. This predisposition seems influence
subsequent cognitive performance from the view of our study.
There are two ways can explain how it works. On the one hand,
although the manipulation of stereotype priming was effective in
our study, the typicality of counter-stereotype male and female
tend to be different. Counter-stereotypic male (i.e., male nurse)
was perceived less typical than counter-stereotypic female (i.e.,
female governor), and it further influence their effect on creativity
promotion. On the other hand, because of the negative attitude
toward counter-stereotype males, there are less males behaving
in counter-stereotypic way in our daily life. Thus, the imagining
of a counter-stereotype male (i.e., male nurse) intrigues emotions
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with higher intensity, as well as a higher level of cognitive
flexibility. Thereby improve participants’ creativity.

As mentioned earlier, counter-stereotypes are cognitive views
of a social group, which behaviors or traits are contrary
to the mindset of its superordinate group (Liu and Zuo,
2006; Leicht et al, 2017). Our findings suggest that the
cognitive process of counter-stereotype not only influences the
perception and evaluation of a certain group, but also other
cognitive functions related, such as cognitive flexibility and
creativity. Based on these results, further study can explore
whether the typicality of counter-stereotype target mediate
the effect of counter-stereotype on creativity, and if counter-
stereotype priming has influence on other cognitive functions or
processes.

Research Limitations and Future

Directions
Based on previous research, this study demonstrated the
correlation between counter-stereotypes and creativity and also
examined the mediating role of cognitive flexibility in this
process. However, there are still several limitations in our study.
Regarding of the research content, although we only identified
the mediating role of cognitive flexibility, there is probably
a more complicated underlying psychological mechanism
between counter-stereotypes and creativity working through
the pathway of cognition and emotion. Future studies can
use various paradigms to replicate this effect and explore
whether there is a “matching effect” between counter-stereotype
priming tasks and creativity measurements. Also, other
mediating factors in the influence of counter-stereotype on
creativity are needed to be discovered. Furthermore, future
research can explore the long-lasting effects of creativity
promotion from the perspective of social cognition, which
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This study simulates the team cognition model through NetLogo 6.0.2 to view a
dynamic changing of team creativity during knowledge sharing when the team members
perform problem-solving tasks. A hypothesis is proposed: (a) when people possess
various characteristics, members who own high-level normal knowledge and have
high communication frequency are suited to perform problem construction process
and members who own high-level creative knowledge and have less communication
frequency are suited to perform divergent exploration process; (b) member flow that
old-timer is replaced by a new member, can improve the team creativity and keep it
more stable. The team cognition model is based on the social network of the team,
where members are assigned cognition tasks. Also, the simulation experiments are
conducted in 6 conditions and each condition has one situation including “MemberFlow”
procedure, and one excluding “MemberFlow” procedure. Each experiment contains 500
repetitive experiments and in each repetition, there are 100 steps of “GO” procedure
are performed. The results show that the team creativity is maximal and stable in the
condition of hypothesis (a), and member flow can optimize the team creativity.

Keywords: team creativity, member flow, social network, computational simulation, knowledge sharing, NetLogo

INTRODUCTION

Many influential factors of creativity, on the individual and team level, have been researched,
such as openness of personality, intrinsic motivation, social characteristics, knowledge sharing,
cognition processes and so on (Hennessey, 2015; Jiang et al., 2018; Lee, 2018; Xu et al., 2018).
Most studies are focused on a particular factor to examine their correlations. Comparing with other
methods, computational simulation can integrate several influential factors in one experiment to
observe the team creativity in the environment approaching the reality. In this study, the team
cognition model is simulated through NetLogo 6.0.2, using Logo language, where knowledge is
shared during the team communication, and the team members generate the solutions for a specific
problem through problem-solving cognitive processes. In this computational simulation, team
creativity can be evaluated through how many creative solutions can be found in all solutions
that can solve this problem. And the subjects in the virtual experiments are the agents, and the
set of agents called “agentset.” One of the advantages that computational simulation has is that
many potential characteristics can be considered in the simulation experiments, like knowledge
structure and communication frequency, which are the important characters that agents possess in
the simulation.
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Since 1950, researchers have started to turn their interests
on creativity (Guilford, 1950). After years of efforts, the essence
of creativity could be understood through multi-levels, and
psychologists reveal personalities, thinking modes, emotion,
cognition, social characteristics can affect creativity on the
individual level and organizational level, in order to provide
more creative productions and better life quality. Creativity
is an ability that can produce novel and useful achievements
(Sternberg and Lubart, 1996). The achievements can be creative
ideas, solutions for the particular problems, results from task
accomplishment, and products of variety kinds of arts and
et al. Team can be defined as two or more members possessing
distinct characteristics and knowledge who interact dynamically,
dependently and adaptively with each other to accomplish a
general and valuable task, where every one is distributed specific
task to perform with limited time as a member of the team
(Salas, 1992). Although individual creativity of members is the
foundation of the team creativity, synergistic interaction among
members is crucial, so that generating creative productions
are base on the individual knowledge, and knowledge sharing
through communication can also affect the team creativity.

Knowledge is the base-stone of individual creativity. People
cannot create new things surpass their knowledge. Therefore,
when the creativity is discussed and researched, knowledge
structure is a crucial characteristic in the study. In the
simulation, agents need to conduct their problem-solving
processes according to the knowledge pool so that their
knowledge structure may affect their performance. Beyond that,
many other individual characteristics, like the openness of
personality, intrinsic motivation, social characteristics, can make
an effect to the creativity for a creative production (Feist, 1998;
Wolfradt and Pretz, 2001; Sacchetti and Tortia, 2013). These
attributes can give individuals a proper intrinsic environment
to generate creative achievements based on their knowledge.
Besides, in terms of social characteristics, the change of social
position and tie strength caused by team communication can
affect the efficiency of information acquisition (Perry-Smith and
Shalley, 2003; Perry-Smith, 2006). Therefore, the hypothesis has
been proposed that member flow, which means in this case
that using new member who is willing to communicate to ones
who contains the various knowledge, would improve the team
creativity and keep it more stable. In this case, member flow can
be defined as that old-timer shifts out, and a new member joins
this team alternatively.

All the characteristics that can affect individual creativity
can be seen as a mediator between their knowledge and their
performance in the cognitive processes. Thus, they are simplified
in the computational simulation into efficiency variable, which
represents how is the performance that people generate creative
productions based on their knowledge. In the simulation, the
efficiency variable is controlled as a control variable. In addition
to the personal level, people collaborate with others as a team or
group for a specific task through communication, which forms a
social network. Simonton (2000) once suggested that successful
research on creativity should place creative individuals among
social network; therefore social characteristics play an important
role on individual creativity, which contains the strength of

the relationship, position in the social network. In terms of
strength of the relationship, according to the strength-of-weak-
ties theory from Granovetter (1973), weak ties interspersing
among social network, which means low frequency and short
time interaction and limited intimacy in the relationship, could
improve on generating creative ideas. In addition, for the
reason that new ideas produce from the interrelationship of
previous ideas, creative ideas need an amount of information
and knowledge as the basis of competence to generate creative
ideas. Hence, the quality and efficiency of information acquisition
are crucial. Individuals with weak ties in the social network,
who can only get information less repeatedly, would get less
redundant information and knowledge thereby improving the
efficiency of information acquisition, compared to the ones with
strong ties (Granovetter, 1973). Another social characteristic is
the position including Centrality and Peripherality. Approaching
the central position may increase individual creativity while
surpassing a general level can impede developing creativity. That
is because that people in central position would experience
more relationship conflicts causing anxiety, thus strangling one’s
creativity (Podolny et al., 1997). Thus, how is an individuals
strength of the relationship can be manipulated through team
communication in the simulation, which is defined as the
frequency of member who shares their knowledge to other
members. Meanwhile, the position of the member in the team is a
potential characteristic, which is an outcome of communication.
In this case, this kind of communication is the knowledge sharing
process.

In the individual level, the brain generates creativity,
which influenced by personality, intrinsic motivation and
social characteristics and other properties; in the team level,
communication, and cognition compose to the brain of the team.
Cooke brought about Interactive team cognition, considering
that team cognition produces from the interaction among
members, where people generate dynamic emergence of team
cognition through interaction, negotiation, decision, and other
mutual actions (Cooke et al., 2013; Cooke, 2015). Consequently,
team cognition, as a complicated dynamic model, emerges
from simple communication among members, which can be
considered as neural connections in the brain. In many
measurements, the condition of achieving tasks, producing ideas
and works can be evaluated as the criteria for creativity, the
processes of which need to integrate all competencies of members
and knowledge, where the team communication plays a crucial
role. Communication cannot only integrate productions derived
from cognitive actions, but communication is also a precondition
for knowledge sharing. The knowledge structure is of importance
to generate new novel productions, so that knowledge diversity
is one of the influence factors (Pelled et al., 1999). When
the team executes cognitive activities, performs tasks, members
communicate with each other for knowledge sharing to generate
creative ideas and works, or solve problems, accomplish tasks.
In this research, the knowledge of members is shared among the
team and with the other team.

If team communication could be compared to neural
connections, team cognition might be viewed as the structure
of the brain. Team cognition processes in problem-solving had
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been extended from individual level (Reiter-Palmon et al., 2008).
The problem-solving task is the research that can be solved by
various methods and solutions, based on the information stored
in the memory (Chiew and Wang, 2004). Many researchers
developed their own models to overview this cognitive process.
For instance, Bransford and Stein (1984) designed the problem-
solving model as problem identification, problem representation,
strategy selection, strategy application, and result evaluation.
For computational simulation, an integrated team cognition
model can be summarized as problem construction, divergent
exploration, evaluation and conclusion. Problem construction
can be valued through problem restatements, and a good
problem construction can produce creative solutions with high
quality (Reiter-Palmon et al., 1997; Reiter-Palmon and Robinson,
2009). In the model of Runco and Chand (1995), it is a
problem finding process, aiming to decide the properties of
the problem and strategy selection. In this research, agents can
construct the range of the problem for subsequent divergent
exploration. In the divergent exploration process, the team uses
divergent thinking to explore novel and useful solutions for
the problem. After exploration, the team combines scattered
opinions from members to generate preliminary solutions
through communication. With regard to the whole team,
the solutions that generate from members independently are,
inevitably, resembling or even repetitive. Therefore, in this step,
integrating these solutions effectively also will be included. In
the last process, evaluation and conclusion, the solutions need
to be evaluated if they are useful and novel, in order to measure
team creativity. In the simulation, problem construction and
divergent exploration are considered and manipulated through
agents, who would conduct these procedures based on their
knowledge and their efficiency, which can control how many
problem restatements and various solutions that they can explore.
The evaluation and conclusion part can be developed in the
subsequent researches.

This study builds a team cognition model to describe how the
members work as a team, and then a computational simulation is
programmed through NetLogo 6.0.2 and virtual experiments are
performed in the BehaviorSpace in the NetLogo. Knowledge and
Efficiency are the characteristics included for each team member
agent, and they can share their knowledge, based on which agents
execute their corresponding problem-solving processes. The aim
of simulation is that a dynamic changing can be viewed in
different parameters of agents and problem, and beyond that, a
hypothesis can be disclosed which is member flow can improve
the team creativity.

MATERIALS AND METHODS

Team Cognition Model

The model is constructed before the simulation to conduct each
of the team members what cognitive activities would proceed
when they solve a specific problem and the team formation as a
social network. The social network is formed from the interaction
of members who are belonged to this network and then individual
social characteristics are given to every member, like their tie

strength and position, which may affect their performance in the
team. Besides, knowledge is an important characteristic that can
affect the team problem-solving results. Therefore, there are the
hypotheses:

(a) When people possess various knowledge structure
and communication style, members who have more
normal knowledge and communicate with others more
frequently, are suited to perform problem construction
process; members who have more creative knowledge and
communicate with others less frequently, are suited to
perform divergent exploration process. This arrangement
can optimize team creativity.

(b) When member flows at intervals, team creativity would be
more stable and higher.

The team is constituted by two or more members who possess
divergent knowledge and members who are distributed the same
problem-solving task form a group: supervision group need to
perform problem construction task; exploration group need to
execute divergent exploration task; evaluation group is in charge
of evaluation and conclusion part. In this study, the effect of
evaluation and conclusion procedure to the team creativity is not
considered. Meanwhile, many other properties of individuals are
simplified to the efficiency that is described as a mediator element
represented to how efficient members are exchanging knowledge
into results of each problem-solving process. The efficiency
variation as one of the individual characters is controlled as a
control variable, which is affected by personality, motivation and
other factors.

According to Figure 1, Team Cognition Model, the team is a
social network; the lines connect with other members represent
the interaction, including information and knowledge sharing
and normal communication. And the members separate into
three groups, depending on their creativity, social characteristic
and responsibility, to execute the corresponding cognitive
process. While members’ social character will change along
with executing cognition tasks, team creativity would change
adaptively, which will conduct the computational simulation.

Methods

The simulation is implemented by NetLogo 6.0.2 (Wilensky,
1999), which is a multi-agent programmable simulation tool. The
agents and their characteristics and the elements of the world can
be set up in the “Setup” procedure. In the “World” (Figure 2),
every agent and their behaviors can be observed. Also, their
behaviors can be manipulated in the “Go” procedure. On the
interface, variables can be adjusted in the certain range, and the
results can be displayed through “World” and “Plot” function can
show the variation of the variable at interest. Meanwhile, virtual
experiments can be performed through BehaviorSpace, where the
times of “Go” procedure executed in once experiment and the
times of experiments can be regulated.

The psychological course is complicated and circuitous so
that it is difficult to simulate all the mental processes and
consider all the individual characters. Thus, some processes
and characters are set up as the control variables, and in
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FIGURE 1 | The number of members is adjustable and they communicate with each other in the team. According to the social position in the team, central members
form supervision group to execute Problem Construction process, showing with red balls; Peripheral members form exploration group to generate various solutions
in Divergent Exploration process, showing with yellow balls; Other members form the evaluation group to perform Evaluation and Conclusion process to integrate
scattered solutions and evaluate whether final solution is creative or not, showing with orange balls.

FIGURE 2 | It is the “World” that can observe the member agents (triangle
figures) and the rabbit agents (write round figures). The yellow part represents
the normal knowledge area (normal solution area) and the purple part
represents the creative knowledge area (creative solution area); the blue part
represents the solutions that the team generates. When the blue part overlaps
with rabbit agents, it means a feasible solution.

this case, they are evaluation and conclusion process and
efficiency, which represents to individual characteristics that
can affect the efficiency of transforming knowledge into
solutions.

In the team, there are three Agentsets: Supervision Group
Agentset, Exploration Group Agentset and Evaluation Group
Agentsets. Based on the team cognition model that mentioned
before, agents’ characteristics are knowledge structure, the
frequency of communication and efficiency. Knowledge is
divided into normal knowledge and creative knowledge; the ratio
of them can be adjusted, and also the frequency and efficiency can
be modulated. In the experiments, the characteristics of agents
in the Evaluation Group Agentset and Efficiency variables of all
agents are controlled at a moderate level. The problem in the
simulation is a series of coordinates of rabbits who are distributed
in the normal knowledge area and creative knowledge area in the
“World”. The size of the “World” is based on the range of total
Knowledge Pool (KP) who is a global array variable where every
item of knowledge pool of all the agents are picked stochastically.
The main variables are shown in Table 1.

Meanwhile, the simulation is a stochastic process so that the
study discards the results of the first five steps because the random
numbers that are set up in the “Setup” procedure would generate
the noise.

The team creativity is calculated through:

NScreative
NScreative + NSnormal

tc

In the equation, tc represents the team creativity, which means
the ratio of the number of creative solutions in the total solutions
the team got, where NS eative is the number of creative solutions
and NS, rmal is the number of normal solutions.

The aim of simulation is to optimize the team creativity,
finding a situation that can make tc maximal and stable, and
the hypothesis is when members are arranged in the suitable
cognition process group, and member flows at intervals, the team
creativity can be maximum and stability.

Frontiers in Psychology | www.frontiersin.org 138

February 2019 | Volume 10 | Article 188


https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Zuetal.

Computational Simulation of Team Creativity

TABLE 1 | There are three Agentsets of the team members: Supervision Group
Agentset, Exploration Group Agentset, Evaluation Group Agentset, and a Rabbits
Agentset, whose coordinates (RCoordinate) compose the given problem need to
be solved.

Agentset Variables

Supervision Group Agentset SKP = SKPnormal + SKPcreative
SKNnormaI

SKNcreative

SC

SE (control variable)

EKP = EKPnormal + EKPgreative
EKNHOI’ITI&|

EKNCT@GU\/Q

EC

EE (control variable)

Exploration Group Agentset

Rabbits Agentset RCoordinate
Global tc
KP = KPnormal + KPoreative

KP is the total knowledge pool, from which items are stochastically selected into
SKP and EKR, which are the knowledge pool of supervision group and exploration
group;, KP is also decided the range of the “World”. SKNpormai, SKNgreatives
EKNnormal, EKNgreative are the variables controlled how many items are in the
corresponding knowledge pool arrays. SC and EC represent the frequency of
communication of members in each group. In the experiments, Evaluation Group
Agentset and Efficiency variable (SE, EE) are controlled and all of their characters
are set up at the moderate level. The team creativity variable (tc) is calculated in the
experiment and output as the dependent variable.

SIMULATION AND RESULTS

Simulation Procedures

In the “Setup” procedure, Agentsets are bred and every variable is
announced, and as well the “World” is created according to the
range of total knowledge pool. All the numbers in the normal
knowledge pool array compose into the normal problem area,
and ones in the creative knowledge pool array compose into the
creative problem area. The area formed by numbers’ combination
of both knowledge pool is the redundant area, where rabbits
would not generate.

Then the “Go” procedure is performed, which includes
providing the problem, Knowledge sharing process, and
problem construction process, divergent exploration process,
and member flow process and team creativity measurement.
The simulation experiments are conducted by BehaviorSpace
function. In the simulation, 500 times repetitive experiments
are performed under the same condition of the experiment
(A, B, C, D, E, F) and in each repetition 100 steps of
“Go” procedures are conducted. For optimizing the team
creativity, 6 pair experiments are conducted, and each pair of
experiment containing “MemberFlow” procedure and excluding
“MemberFlow” procedure, which are A/a, B/b, C/c, D/d, E/e,
F/f (e. g., A experiment contains “MemberFlow”, an experiment
excludes “MemberFlow”). The specific setup can be seen in
Table 2 and the Supplementary Data Sheets S1-S12 are the
output files from BehaviorSpace experiments (1 and 2 for A/a, 3
and 4 for B/b, 5 and 6 for C/c, 7 and 8 for D/d, 9 and 10 for E/e, 11
and 12 for F/f), which are analyzed in the Results section.

TABLE 2 | A/a, B/b, C/c, D/d, E/e, F/f are 6 pair of experiments.

Vabiables A a B b C C D d E e F f

SKNnormal 8 8 5 5 8 8 2 2 8 8 8 8
[1,10]
SKNgreative 2 2 5 5 2 2 8 8 2 2 2 2
[1,10]

SC 10 10 5 5 2 2 10 10 2 2 10 10
[1,10]
SE (CV) 10 10 10 10 10 10 10 10 10 10 10 10
[1, 20]
EKNnormal 2 2 5 5 2 2 8 8 8 8 8 8
[1,10]

EKNgreative 8 8 5 5 8 8 2 2 2 2 2 2
[1,10]

EC 2 2 5 5 10 10 2 2 10 10 2 2
[1,10]
EE (CV) 10 10 10 10 10 10 10 10 10 10 10 10
[1,20]

MemberFlow on off on off on off on off on off on off
On/Off

The range of SKNpormar IS [1, 10] so that 8 is a high level of number of items in the
knowledge pool array. CV/ means control variable.

Results

In terms of all experiments, the initial knowledge pool arrays
of members are limited in 10 items, the ratio of the size of
normal knowledge and creative knowledge can be adjusted
through variable SKNyormal> SKNcreatives EKNpormals EKNereative-
Thus, in the A/a experiments, agents in the supervision group
agentset own the high level of normal knowledge and high
level of communication frequency; on the contrary, agents in
the exploration group agentset possess the high level of creative
knowledge and low level of communication frequency. The
variables in the experiments B/b are set up at the moderate
level. Comparing with A/a experiments, the C/c experiments
have the different setup in communication frequency; D/d
experiments have the different setup in members’ knowledge
structure. The E/e and F/f experiments perform with the low
creative knowledge level of all supervision and exploration
group agents and with different setup of communication
frequency.

The result of team creativity (tc) is collected and analyzed,
which is shown in Table 3. In once experiment, each step can
generate a value of tc, so that tcpean represents to the general
team creativity of this experiment, which is the ratio of creative
solutions among all solutions so that the range of tc is [0, 1].
When tc > 0.5 means that the virtual team generates more
creative solutions and less normal solutions. In the study, a
high probability of the mean of team creativity who reaches to
0.8 means that most repetitions of the experiment in certain
condition can get a mean above 0.8 in 100 steps, which represents
as Prean. Po.o5 means the probability of repetitive experiments
whose values of team creativity in 95% steps are above a certain
value so that higher probability means a more stable team in these
repetitions of the experiments. Ppean Shows the team stability
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TABLE 3 | tc represents to team creativity, whose range is [0, 1]; tCmean represents to the mean of team creativity in once repetition of each condition of experiments.

tc > 0.8 tc > 0.7 tc > 0.6 tc > 0.5 tc > 04 tc > 0.3 tCmean
Pmean Po.95 Pmean Po.95 Pmean Po.95 Pmean Po.95 Pmean Po.95 Pmean Po.95

A 0.664 0.398 0.968 0.846 0.998 0.976 1.000 0.996 1.000 1.000 1.000 1.000 0.820
a 0.656 0.364 0.950 0.832 0.996 0.972 1.000 0.974 1.000 1.000 1.000 1.000 0.817
B 0.090 0.012 0.482 0.252 0.886 0.630 0.984 0.908 1.000 0.976 1.000 1.000 0.693
b 0.082 0.030 0.526 0.248 0.850 0.648 0.986 0.908 1.000 0.988 1.000 1.000 0.694
C 0.000 0.000 0.074 0.024 0.443 0.158 0.742 0.460 0.944 0.760 0.998 0.940 0.559
c 0.000 0.000 0.044 0.010 0.344 0.112 0.722 0.440 0.942 0.740 0.994 0.918 0.553
D 0.000 0.000 0.032 0.002 0.232 0.080 0.666 0.346 0.934 0.686 0.994 0.916 0.535
d 0.002 0.000 0.022 0.006 0.234 0.088 0.604 0.344 0.902 0.672 0.994 0.910 0.528
E 0.000 0.000 0.000 0.000 0.000 0.000 0.012 0.002 0.096 0.026 0.386 0.116 0.283
e 0.000 0.000 0.000 0.000 0.000 0.000 0.020 0.002 0.108 0.022 0.372 0.114 0.280
F 0.000 0.000 0.000 0.000 0.002 0.000 0.010 0.002 0.076 0.012 0.320 0.090 0.272
f 0.000 0.000 0.000 0.000 0.000 0.000 0.008 0.000 0.076 0.012 0.300 0.082 0.267

Pmean means the probability of the mean of team creativity who reaches to the certain value. Py g5 means that the probability of repetitive experiments whose values of

team creativity in 95% steps are above a certain value.

in the experiment, and Py g5 shows the team stability in all the
repetitions of the experiments.

Individual Knowledge Structure
In the F, D, A experiments (Figure 3), the communication
frequency of both supervision group and exploration group are
the same. There are both low level of creative knowledge in
both groups in the F experiment, whose mean of team creativity
(tcmean = 0.272) of the whole experiment is lowest; in the D
experiment, members in the supervision group own high level
of creative knowledge, and on the contrary, the exploration
group own low level of creative knowledge, whose mean of
team creativity is 0.559; a high value of tcpean (0.820) shows in
experiment A, whose members in the supervision group own
relatively low level of creative knowledge and members in the
exploration group possess the high level of it. Also, in the A
experiment, most repetitions and steps in the same repetition
generate a high value of team creativity, and most of the time the
team creates more normal solutions in the F experiment.
Therefore, members who own a high level of creative
knowledge are suited in the exploration group and ones who own
a high level of normal knowledge are suited in the supervision
group. This arrangement can optimize team creativity.

Communication Frequency

When the members are arranged according to their knowledge
structure becomingly, such as the A, C experiment. While in the
C experiment, members in the supervision group have a low level
of communication frequency and members in the exploration
group are willing to communicate with others, which leads to
a relatively low mean of team creativity (tcmean = 0.559) and
nearly 30% of repetitive experiments generate an average of
team creativity under 0.5, which means more normal solutions,
in the A experiment, members in the exploration group have
a low level of communication frequency and members in the
supervision group are more willing to communicate with other
ones, which leads to a relatively high tcpean (0.820) and, in

most repetitive experiments and steps in once repetition, team
creativity can reach above 0.7 (Ppean = 0.968, Ppos = 0.846)
(Figure 4).

In the condition that all members of the team own low level
of creative knowledge, when members in the supervision group
are more willing to communicate, as the performance in the F
experiment, tCpean (0.272) is slightly less than the mean of team
creativity in the E experiment whose members in the exploration
group are more willing to communicate.

Therefore, members who have a high level of communication
frequency are suited in the supervision group and members
who have a low level of communication frequency are suited
in the exploration group. This arrangement can optimize team
creativity.

Member Flow
Comparing to the A, C, D, E, F experiment, the different
variable is that “MemberFlow” procedure is excluded in the
a, ¢, d, e, f experiments (Figure 5), and the result of
tCmean are lower than the corresponding experiments who
include “MemberFlow” procedure. To the Ppean and Py o5, the
probability of team creativity in the high-level range is higher
in the experiments who include “MemberFlow” procedure, such
as A, C, D, E, F experiment. However, the improvement is
unobserved in the B/b experiment, so that the member flow
moderating effect is higher when characteristics of members are
divergent.

Therefore, member flow has a positive moderating effect when
the team wants to optimize their team creativity.

DISCUSSION AND CONCLUSION

The results display that the member arrangement proposed
in the hypothesis can optimize team creativity and member
flow can moderate the team creativity in most situation. Many
previous pieces of research show that changing membership
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FIGURE 4 | The variations of team creativity in the A, C and E, F experiment are illustrated.

can improve team creativity. Rotating randomly a subset of
group members when they performed divergent exploration
tasks can enhance group creativity (Choi and Thompson,
2005). Social identity is one reason for the members of an
original group to accept rotating member from a different
place, and which can increase knowledge stock of this group,
hence enhancing their performance (Kane et al, 2005). In
accordance with other laboratory studies, the result from the
computational simulation is reasonable. In terms of transactive
memory system (TMS) of the group, partial membership change

creates inefficient TMS processes because TMS structure that new
members rely on is developed by old-timers in their original
group (Lewis et al, 2007), and anticipating of membership
change can make transactive memory more difficult to build
(Blanchet and Michinov, 2017). Consequently, in the future,
transactive memory system and cognitive conflict should be
considered during simulation for a more comprehensive study
about member flow, except for the knowledge structure and
communication frequency of members in the team. In addition
to member flow, many other adaptive changing can affect team
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FIGURE 5 | The variations of team creativity in the A/a, B/b, C/c, D/d. E/e, F/f experiment are illustrated.

creativity that researchers cannot examine through traditional
laboratory experiments or questionnaires. The computational
simulation may be considered as another method to explore team
variations through problem-solving processes or other cognition
processes. Moreover, people in the peripheral position, who
possess more external interaction with other social networks,
have a higher level of creativity; correspondingly, people in
the central position, who possess less external interaction,
also can develop a higher level of creativity (Perry-Smith and
Shalley, 2003; Perry-Smith, 2006). Thus, external knowledge
sharing can be considered in the next step to simulate. Besides,
the evaluation group and efliciency variable are controlled
in this study, which can be considered in the following
researches.

In addition to many other factors that can affect the team
creativity, also the creativity has been researched in various
methods and developed various interpretations. In terms of
neuroimaging method, insight, as a kind of creative cognition,
which is defined as a process that people can solve a problem
from the state of not knowing to knowing abruptly, and the
‘Ahal’ experiences occurred in insight problem-solving have a
high positive correlation with positive affect and fluent cognition
which can improve individual creative thinking (Shen et al.,
2016). This insight process also has been examined through
this method and many relative studies have found consistently
that anterior cingulate cortex and prefrontal areas are related
to insight (Dietrich and Kanso, 2010) and right hemispheric
dominance theory of creative thinking also applies to creative
insight (Shen et al., 2013). Therefore, if the structure of the team
and the interaction among members could be considered as the
brain that may construct the team creativity and then generate
creative achievements efficiently, the insight problem-solving

process may be possible to be found in the team creative
problem-solving process, which can be considered in the next
stage of computational simulation. Besides and Dietrich (2018)
proposed a new theoretical framework of creativity to separate
this concept into three modes, and among them the flow mode
concept can be made a analogy with the member flow in the
team.

In conclusion, the preponderance of computational
simulation can be seen in this study. This method can integrate
all contents of researches that psychologists concern, to observe
variations of team creativity qualitatively through simulating a
series of cognition processes and considering various individual
characteristics instead of focusing on one of them, although this
method cannot obtain a sufficient external validity like other
laboratory experiments.

In terms of the process of simulation, before which a
team cognition model has been set up including members’
responsibility ~distribution: supervision group, exploration
group, evaluation group; besides agent behaviors are included:
knowledge sharing and the problem solving cognitive processes:
problem construction, divergent exploration, evaluation and
conclusion. According to previous researches, knowledge
structure and social characteristics can affect the team creativity,
so that these properties are put into the simulation; other
individual characteristics are also important but they are
controlled in the simulation experiments as efficiency variable
(SE, EE). Then, the team cognition model is simulated through
NetLogo 6.0.2. The results show that knowledge structure and
communication frequency can affect the team creativity and
when people gain the various characters in both, a suitable
arrangement can optimize the team creativity and it can be more
stable and higher when member flows.
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The Doctrine of the Mean (zhongyong) introduced by Confucianism is not only an
aspect of faith, but also a way of thinking for Chinese individuals. Zhongyong includes
two thinking forms: eclectic thinking (ET; i.e., “neither-A-nor-B”) and integrated thinking
(IT; i.e., “both-A-and-B”). Given the inclination of Asian individuals toward situational
cognition, this study used questions about situations familiar to Chinese undergraduates
to activate either ET or [T. This was done to investigate the effects of the two divergent
thinking forms of zhongyong on performance levels on the Remote Associates Test
(RAT). Both behavioral and EEG results found that participants in the IT condition
demonstrated higher RAT scores than those in the ET condition. The conclusion was
that the RAT and priming tasks shared the same neural mechanism. This meant that
the priming tasks of IT allowed participants to enter a state of creative preparation in
advance, further affecting resolution of the RAT.

Keywords: Confucianism, zhongyong thinking, integrated thinking, eclectic thinking, creative problem-solving

INTRODUCTION

Creativity is one of the most complex and elusive human behaviors (Agnoli et al., 2018). Exploring
the creativity of individuals or groups are gaining momentum across different scientific disciplines.
Csikszentmihalyi (1999) argued that creativity is not only a psychological process but also a cultural
and social phenomenon. Cultural values influence one’s way of thinking and can have a significant
impact on their creativity (Liu et al., 2015). It is well known that Chinese individuals who are
influenced by Confucianism have long abided the Doctrine of the Mean (i.e., zhongyong) that
provides the third perspectives to settle differences (Pang, 1980, 2000; Zhou, 1994). Zhongyong
is the basic principle that Chinese people use to confront the world. It allows them to capture
the essence of social operation (Yang, 2014). Therefore, examining the influence of zhongyong on
creativity can reveal how cultural factors and principles affect creativity. This research attempted
to redefine the concept of zhongyong by exploring its structure based on previous literature on
zhongyong. This redefined concept could potentially deepen the understanding of how Chinese
traditional culture influences creativity. This study used an experimental method with priming
technology and cognitive neuroscience research methods. This could provide researchers with
possible neural evidence of the effect of zhongyong on creativity and address the gap in the
psychological research of zhongyong.

Zhongyong was initially considered a kind of supreme morality. Over time, the concept has
evolved into a value system and overall way of thinking, which focuses on being free from
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excess/deficiency (ie., “just right”); however, the concept
of zhongyong should not be equated with compromise or
egalitarianism (Feng, 1940). Many researchers believe that
zhongyong is the basic principle used by the Chinese to confront
the world, solve problems, and achieve harmony (Yang and
Zhao, 1997; Yang, 2009). The characterization of zhongyong as
both mastering extremes, but deploying the mean is part of
its dichotomous (zhiliangyongzhong, #MA®H) epistemology. In
support of this characterization, Pang (1980, 2000) indicated that
zhongyong is not only part of the ethics of the Confucianism, but
also how the Chinese understand and interact with the rest of
the world. There are four forms of zhongyong: “A and B,” which
can be conceptualized as being based on A, but with B taken into
account, e.g., “the master was mild, and yet dignified,” “warm, yet
gentle”(wen’er’li, BfiE), “respectful, yet easy”(gong’er’an, #f=);
“Both A and B, which can be conceptualized as including A
and B at the same time, such as “being skilled in using both the
pen and the rifle”(nengwennengwu, S3X#®) and “both serious
and facetious” (yizhuangyixie, FFE7RE); “Neither A nor B,” which
can be conceptualized as the opposite of “Both A and B, such
as “neither haughty nor obsequious” (bubeibukang, F£AT),
“avoiding leaning to either side” (wupianwupo, £REM); and
“A, yet not A, ” which can be conceptualized as possessing
features of A, but with A being prevented from being
excessive through the removal of B, such as “majestic without
being fierce” (wei'erbumeng, EMA4), “enjoyment without
being immoral”(l€er’buyin, &£fFE). Among the four forms of
zhongyong, “A and B” and “both A and B” involve integrative
thinking more, while “Neither A nor B” and “A, yet not A”
favor ET.

The systematic study of zhongyong thinking in psychology
began in the late 1990s by Yang and colleagues (Yang and
Zhao, 1997; Yang, 2009; Yang and Lin, 2012; Yang et al,
2014). They argued that zhongyong thinking is a “practical
thinking system” in which people decide how to choose,
execute, and correct specific action plans. However, this “system”
proposed by Yang et al. (2014) is overcomplicated, involving
values, behaviors, and perceptions related to zhongyong, in
which multiple, reciprocating relationships exist among the
various components. Therefore, on the basis of this “practical
thinking system” of zhongyong constructed by Yang, some
researchers began to examine the basic meaning of zhongyong
thinking, i.e., “master the extremes, but deploy the mean”
(zhiliangduan’er’yunzhong, #i#immaF). For example, Wu and
Lin (2005) focused on cognition and behavior while dealing with
controversy or disagreements, and defined zhongyong thinking
as “thinking about a problem from multi-perspectives, and
making behavioral decisions that take into account both the
self and the overall situation after considering different views in
detail.” Western researchers have attributed similar concepts to
zhongyong thinking, such as cognitive complexity and integrative
thinking. However, zhongyong is still more complex than
this, composed of integrated, eclectic, and holistic thinking,
and changing according to the situation, which represents an
important distinction in cognition between Chinese and West.

The method of cognition influences how individuals and
groups develop (Ji et al., 2000). The effect of zhongyong

on creativity evoked widespread concern among researchers.
However, findings on the subject are inconsistent. A study by
Zhang and Gu (2015) adopted the Zhongyong Thinking Scale,
which includes three dimensions: multi-thinking, holism, and
harmoniousness, finding that an employee’s zhongyong thinking
score was positively correlated with self-rated creativity. Further,
Liao and Dong (2015) found that the zhongyong thinking exerted
a positive influence on employee innovation, a relationship partly
mediated by organizational harmony. Conversely, some research
has found that zhongyong might hinder innovation and the
transformation of creative ideas into action (Yao et al., 2010). Liu
etal. (2015) utilized the Zhongyong Practical Thinking Scale and
the Creative Personality Scale to observe a negative relationship
between zhongyong and creative personalities in a group of art
majors. We believe the contradictory findings discussed above
can be attributed to researchers holding varying concepts of
zhongyong, resulting in the use of disparate measurement tools.

Previous research examining zhongyong thinking tended to
consider it a static method of thinking, resistant to situation
change. However, cross-cultural studies have shown that East
Asians practice more situational cognition than Westerners (Ji
et al., 2000), paying more attention to background elements of
the environment (Nisbett and Miyamoto, 2005), and more likely
to attribute elements to the situation (Choi et al., 1999; Morris
and Peng, 1994).

As mentioned previously, zhongyong is a combination of
various forms of thinking, which can change to suit a given
situation. Additionally, Zhou et al. (unpublished) found that
integrated thinking (IT), but not eclectic thinking (ET), was
associated with significantly higher scores on a Remote Associates
Test (RAT), suggesting that the different forms of zhongyong
thinking may have different effects on association tasks. These
results prompt the question as to whether different forms
of zhongyong thinking, applied to different situations, would
affect RAT scores and/or neurophysiological measures. In the
current study, electroencephalograms (EEGs) were used to
record neural activity during various cognitive tasks. EEG designs
are an appropriate method to obtain insight in the temporal
evolution of cognitive processes (Srinivasan, 2007), allowing
for a much more detailed look at brain activation, which can
be observed in response to particular cognitive events (e.g.,
immediately prior to the production of an original idea). Each
frequency band of an EEG is related to specific cognitive
functions. For instance, the theta frequency band primarily
reflects working memory, while the alpha frequency is related
to internal attention and semantic processing. Further, the beta
plays an important role in language processing pretreatment.
A study of creative thinking utilizing EEG measures can better
reveal the underlying neural mechanism. Additionally, EEG
data contain many different aspects, such as event related
synchronization/desynchronization (ERS/D) and task-related
power (TRP), which can be used to calculate the coherence
of the brain regions, to compare brain activity between the
task/baseline states, or to compare differences in neural activity
between general and creative thinking.

At present, creative thinking research utilizing EEG primarily
focuses on comparing differences in neural activation triggered
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by creative and general thinking. For instance, Fink et al.
(2007, 2009) found that individuals demonstrate increased alpha
waves when performing alternative use tasks (AUTs) when
compared to general tasks (e.g., completing word suffixes, object
feature generation). This indicates top-down activity or, more
specifically, selective inhibition of specific brain regions. Molle
et al. (1999) investigated differences in neuroelectrophysiology
between divergent and convergent thinking with EEG, and
found that the dimensional complexity of EEG signals was
greater during divergent thinking, possibly the result of the
concurrent activation of a greater number of independently
oscillating processing units. However, theta activity in the
frontal lobe decreased during the divergent thinking task and
increased convergent thinking task. Further, frontal alpha and
beta wave activity during both divergent and convergent thinking
tasks was lower compared to the control condition. Similarly,
Razumnikova (2007) found widespread enhancement of power
and coherence in the beta 2 band, increased desynchronization
of alpha 1 and alpha 2 over the posterior cortex, and increased
the theta 1 power in the frontal cortex in the RAT, when
compared to the Simple Associates Task (SAT). To avoid
differences caused by the task itself, some researchers have
explored the neural activity of creative thinking through
different task requirements (i.e., creative vs. general solutions)
in the same task. For example, Jauk et al. (2012) examined
EEG brain activation related to convergent vs. divergent
modes of thinking within the same task and found increased
desynchronization of alpha waves in the frontal cortex during
general thinking and synchronization of alpha waves in the
same region during divergent thinking. In addition, there were
some researchers who tried to explore the cognitive process
of creativity in natural situations rather than in controlled
laboratory settings. For example, Shen et al. (2018) assessed
the implicit conceptual structure of everyday insight in diverse
naturalistic settings by collecting participants’ descriptions of
everyday insight experiences and found that insight experience
was a multidimensional construct involving positive affect at the
moment of insight, phenomenological experiences relating to
the dynamic insight process, solution-related cognitive responses,
and post insight reflections.

In summary, previous studies have typically focused on
characteristics of EEG power in creative tasks by comparing
divergent and convergent thinking, or creative and general
thinking. However, this may not be generalizable to the real-
world, as individuals are often inspired by others’ ideas or
methods, and then carry out creative tasks. Fink et al. (2011)
explored whether creativity could be improved by exposure to
others’ perspectives, and found that participants who received
cognitive interventions performed better in the AUT, with
synchronization of alpha waves in the right hemisphere, and weak
desynchronization of alpha waves in the parietal and temporal
lobes of the left hemisphere. Another recent study examined the
impact of neurofeedback training with creative thinking-related
brain activities on creativity. Results of this study indicate that an
increase in brain activity related to divergent thinking (i.e., alpha
and beta waves located in the right parietal lobe) can improve
creativity (Agnoli et al., 2018).

The current study was performed in a sample of Chinese
college students, who were deeply influenced by Chinese
traditional culture, and focused on the neural mechanisms of
two different forms of zhongyong thinking on creative problem-
solving. The two forms of zhongyong thinking (IT and ET) were
primed through the use of different story scenarios. Integrated
thinking in this study was in the form of “both A and B,” reflecting
the idea of “harmony,” while ET was in the form of “Neither A nor
B reflecting the idea of “the mean.” Participants were then asked
to complete corresponding creative cognitive tasks. During the
priming and creative cognitive task period, EEGs of participants
were recorded to monitor and evaluate neural activation. Based
on the results of previous research, it was hypothesized that IT
would improve RAT scores when compared to ET. Further, the
current study sought to explore neural evidence of the possible
underlying mechanisms responsible for any differences observed.

MATERIALS AND METHODS

Participants

The participants of the study included 36 Chinese college
students (19 men, 17 women; mean age 22 years, range
19-26 years). All participants were right-handed, native
speakers of Chinese, neurologically healthy by self-report,
and normal or corrected-to-normal vision. The participants
had no prior experience with RAT or any other similar tests.
Participants volunteered to be part of the experiment, provided
written informed consent prior beginning the experiment,
and received payment following participation. Some data were
eliminated from EEG analyses owing to excess artifacts or low
superimposition times. In total, data from 31 participants were
analyzed for the presence of theta (4-8 Hz), alpha (8-12 Hz),
and beta (12-30 Hz) waves in the priming phase, and data from
31 participants were analyzed for the same frequency bands in
the RAT phase. Data from 31 participants also were included in
behavior analyses.

Experimental Materials

Priming Materials

Sixteen social problems familiar to participants were collected,
and each problem was written into a vignette to be solved. The
compilation of priming vignettes of IT/ET was based on the
meaning of zhongyong (Both A and B, Neither A nor B) proposed
by Pang (1980). Two hundred and twenty-three undergraduates
participated in completing solutions to social problems. Three
psychology postgraduate students were invited to evaluate the
solutions to social problems proposed by participants. The
evaluators divided responses into IT and ET, taking one side,
or invalid according to the definition and characteristics of IT
(e.g., foresight, integration, “big picture”) and ET. If more than
85% of participants proposed solutions that used ET/IT to solve
the problem in the corresponding priming, the vignette of ET/IT
was considered as appropriate priming material. According to the
above criteria, a total of six vignettes with good priming effect
were obtained and adopted in this study after four rounds of test
and revision, including three eclectic thinking priming vignettes
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and three integrative thinking priming vignettes (one for exercise,
two for the formal experiment).

Priming ET requires the subject to stand on the side of
an outsider to think about the question. For example, one
of the vignettes used to prime ET was the “traffic accident”
problem. In the description of the situation, participants found
that the perpetrator and victim were both willing to negotiate
the problem (i.e., how to handle the traffic accident) privately,
but disagreed on the share of responsibility and the amount
of compensation. Participants were asked “How do you solve
this problem as an outsider?” and were prompted to provide a
solution that was acceptable to both sides. Compared to ET, IT
was a more complicated form of thinking. To prime IT thinking
style, subjects were required to imagine themselves as experts in
a certain field and then solve the given problems. For example,
in the case of “business in the Internet era,” two people plan
to jointly run clothing (sales) business. One wished to run a
physical store and the other wants to run an online shop. They
have discussed the problem many times, but have failed to reach
an agreement. Participants were asked, “How would you solve
this problem if you were a successful clothing merchant with
sales experience?”.

Creative Task

It’s generally believed that creativity theories do not support the
measurement of creativity through a single technique (Gong
etal., 2016). Instead, they adopt several tests to measure creativity
(Mehta and Zhu, 2009). Zhou et al. (unpublished) with three
different types of creativity tasks, an AUT, RAT, and insight
problems (i.e., riddles) adopted the priming method to explore
the effect of zhongyong on creative problem-solving. Results
showed that priming only demonstrated a significant impact
on RAT scores. Therefore, a self-compiled Chinese RAT was
used in this study to measure the creative problem-solving of
subjects. Our Chinese RAT is a variant of the English-language
RAT developed by Mednick (1968), in which participants are
typically presented with three clue words (two-character words)
and then participants are asked to provide a fourth target word
(two-character word), which can establish a semantic connection
with the first three clue words. The three clue words given to the
participants would be given to establish a semantic connection
and act as a clue for the fourth word. For example, if the
three given clue words are baby (ying'er, /L), glass (boli, #3%),
and experiment (shiyan, 5:%), a correct answer would be test
tube (shiguan, ®#); if the given words are invention (faming,
&), powder (fenmo, #K), fireworks (yanhua, #4£), a correct
answer would be gunpowder (huoyao, k). Thirty-six RAT items
suitable for college students were used (18 items were used in
each experiment) in the current study. Our Chinese version has
been validated and has been used in research with native Chinese
participants (Zhou et al., unpublished). The difficulty of RAT
items ranged from 0.5 to 0.65 in a sample of 110 undergraduates.

Experimental Procedure

A within-subjects design was adopted in this study and each
subject came to the laboratory twice. Participants were randomly
allocated to one of two separate priming conditions randomly

(i.e., ET priming condition and IT priming condition), with an
interval of 5-7 days between sessions. The participants were
automatically assigned to the “other” priming condition for the
second experiment.

Prior to the experiment, all participants were asked to verbally
report whether they had prior experience with participating
in a RAT test or other similar tests. Then, participants who
reported to have no prior experience were asked to rest for
2 min, with eyes open for 1 min and closed for 1 min. EEG
data of the resting state (eyes open) were recorded during
this period. Participants were then given instructions. A short
practice exercise followed to familiarize participants with the
experimental process, task requirements, and precautions, such
as avoiding head movements, facial expressions, grinding teeth,
and swallowing, which may affect EEG data collection. The
priming effect was also tested during this period. In the practice
phase, participants were presented with the correct answers
after answering the first priming question to understand what
how they were expected to respond. Data collected during this
phase were not used for analysis. When the participants were
ready, they would begin the formal experiment. Participants
were first presented with a problem situation (vignette) used to
activate ET or IT, and then were asked complete a RAT (nine
items) while EEG measures were recorded. Participants answered
questions orally, and the responses were audio recorded. After
a 2-min break, participants were asked to read and complete
another zhongyong priming question, followed by another
creative thinking task (nine items). The experimental program
was administered via E-Prime 2.0. As depicted in Figure 1, each
trial started with the presentation of a fixation cross in the middle
of the screen for a duration of 15 s (i.e., reference phase). Then,
priming material was presented. The subject was asked to read
the material quietly, and to press “ENTER” when a solution
was reached, reporting the solution orally. In the following RAT
phase, participants were shown a fixation point for 1 s. Then,
three cue words appeared in the center of the screen, for a
duration of 10 s after the fixation point disappeared. Subjects
read the cue words as soon as possible and freely associated target
words that held a semantic connection with the first three cue
words. Participants would push a response button as soon as
they believed that they had reached their answer, and the target
word was then orally reported. The interface would then begin
requesting target words to be reported automatically after 10 s.
After this, participants were asked to orally report the target
word after 5 s and pressed the “ENTER” button to move to
the next question. Failure to answer within the given time limit
would be considered a false answer. Data were analyzed with
frequency analysis.

EEG Recording and Analyses

EEG was measured with a 64-channel stretchable electrode cap
(Brain Products, Gilching, Germany). The ground electrode
and the reference electrode were located at FCz and AFz,
respectively. To register eye movements, vertical and horizontal
electrooculograms (EOGs) were recorded bipolarly between two
electrodes placed diagonally above and below the inner and the
outer canthus of the right eye. Electrode impedances were kept
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F —

priming stage

FIGURE 1 | The procedure of a block in the formal experiment. Each experimental condition contains two blocks, each block has 1 priming task and 9 RATs.

below 20 kS for the EEG and below 10 kQ for the EOG. The EEG
signals were amplified and bandpass filtered between 0.05 and
100 Hz. All signals were sampled at a frequency of 500 Hz. EEG
data were re-referenced by the average signals of Tp9 and Tp10,
which were located at left and right ear mastoids, respectively.
Analyzer 2.0 software was used to semi-automatically check data
for artifacts and artifactual epochs caused by eye blinks, eye
movements, or muscle tension. Such anomalies were excluded
from further analysis. Band power values (j1V2) were obtained by
squaring filtered EEG signals, and extracting the corresponding
frequencies (theta frequency band, 4-8 Hz; alpha frequency band
8-12 Hz; beta frequency band, 12-30 Hz).

Asin a previous study (Benedek et al., 2011), the current study
analyzed three sections of EEG data: (1) Reference stage-fixation
cross before the start of each experiment; (2) Priming stage-when
participants were thinking about the problem that was presented;
(3) RAT stage-when participants were thinking about the fourth
target word (Figure 1). To investigate the process of creative
problem solving within different forms of zhongyong thinking,
and to reduce the interference of artifacts, data from each stage
were segmented and averaged in units of 4 s. These segments were
then used in the subsequent analysis of data in each stage.

Brain activity during the performance of experimental
tasks was quantified by means of TRP changes in the
EEG (Pfurtscheller, 1999; Pfurtscheller and Lopes da Silva,
1999). The TRP for each electrode position was computed
by subtracting the log-transformed power during prestimulus
reference intervals (Powi, eference) from the log-transformed
power during the activation intervals (Powj,activation) according
to the formula: TRP(i) = log[Powi, eference] -10g[POWisactivation]-
Therefore, negative values indicate decreases in TRP from the
reference to the activation period (i.e., desynchronization), while
positive values reflect increases in TRP (i.e., synchronization;
Pfurtscheller and Lopes da Silva, 1999). For statistical analyses,
electrode positions were topographically aggregated as following:
frontal left (AF3, AF7, F3, F5, F7), temporal left (FT7, T7,
TP7), parietal left (CP1, CP3, P1, P3), and analogously for the
right hemisphere.

RESULTS

Behavioral Results

Accuracy rate (i.e., the relative amount of correct responses) and
response time (i.e., time until pressing the “ENTER” button in
correct trials) were analyzed by means of a repeated measures
analysis of variance (ANOVA). Within-subject factors were IT vs.
ET. The ANOVA revealed a significant main effect of accuracy
rate [F(1,30) = 2.986, p = 0.006, nf) =0.229], with the accuracy rate
in the IT condition (M = 0.710, SD = 0.168) significantly higher
than that observed in the ET condition (M = 0.620, SD = 0.152).
Additionally, it was observed that response time of participants
was marginally significantly faster [F(1,30) = —1.771, p = 0.087,
nlzj =0.095] in the IT condition (M = 4.480, SD = 1.137) than in
the ET condition (M = 4.880, SD = 0.840).

EEG Results

A repeated measures ANOVA was performed for TRPs in
the theta (4-8 Hz), alpha (8-12 Hz), and beta (12-30 Hz)
bands priming condition (IT vs. ET), cerebral hemisphere (left
vs. right), and area of the brain (frontal, temporal, parietal)
as within-subjects variables. ANOVA revealed significant main
effect of priming in the alpha band [F(1,30) = 4.772, p = 0.038,
nf) = 0.136]. The main effect of priming condition indicates that
desynchronization of alpha in the IT condition is higher than
ET condition. The ANOVA further revealed significant triple
interactions between priming condition, area, and hemisphere
in the alpha band [F(2,60) = 3.215, p = 0.047, 11 = 0.097]. The
simple effects showed that desynchronization of alpha in the IT
condition is higher than ET condition in the left frontal, left
temporal and left parietal lobes. The ANOVA further revealed
significant triple interactions between priming condition, area,
and hemisphere in the beta band [F(2,60) = 3.430, p = 0.039,
nf, = 0.103], suggesting beta synchronization in the IT condition
and beta desynchronization in the ET condition in bilateral
parietal lobes. However, differences in theta power were not
found to be significant among areas, hemispheres, or priming
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conditions. The synchronization or desynchronization of theta,
alpha, and beta in IT and ET conditions is shown in Figure 2.

In the RAT stage, ANOVA revealed a significant double
interaction between priming condition and hemisphere in
the alpha band [F(1,30) = 8912, p = 0.006, né = 0.229].
Specifically, the alpha desynchronization in the IT condition
was significantly higher than in the ET condition in the left
hemisphere, yet was not significant in the right hemisphere. In
addition, analysis revealed significant triple interactions between
priming condition, area, and hemisphere in the beta band
[F(1.586,47.568) = 4.816, p = 0.018, 7]}2) = 0.138]. Further simple
effect analysis showed the IT priming was associated with
increased beta synchronization, while ET priming tended to
increase beta desynchronization in the left frontal and bilateral
parietal lobes. Like the priming stage, there was also no significant
difference of theta wave power among the three conditions in the
RAT stage. Corresponding EEG results are shown in Figures 2, 3.

DISCUSSION

This study investigated the impact of different forms of
zhongyong thinking closely related to Chinese traditional
culture on creative problem-solving. Based on previous research,
zhongyong thinking was divided into IT and ET in the current
study. Priming paradigms were adopted to induce participants’
ET or IT. Participants were first presented with a real-world
problem situation which needed to be solved with ET or IT.
Then participants were asked to complete a RAT. Finally, the
performance of participants on the RAT was examined in relation
to priming conditions.

Behavioral findings revealed higher accuracy and shorter
response time in IT priming than in ET priming, which may
be related to different characteristics of different forms of
zhongyong thinking. IT not only involves encoding information
and retrieving information from long-term memory but also
requires participants to integrate information from various
sources. In comparison, ET involves less information integration
than is typically required within a RAT, such that an individual

can solve problems simply based on the retrieval and encoding
of information. Additionally, the minds of participants were
likely in a heightened integrative state following IT priming,
making it easier to link concepts together in the RAT phase,
resulting in improved performance. Therefore, results of the
current study indicate that IT is more conducive to creative
problem solving when compared to ET. These results also
indirectly provide evidence that the testing protocol of the
current study was effective in manipulating different forms of
zhongyong thinking.

In the priming stage, EEG results showed that alpha
desynchronization in the IT condition was significantly higher
than in the ET condition in the left frontal, left temporal and left
parietal lobes. Some studies have found that the phenomenon of
alpha desynchronization is observed as a function of increased
cognitive load (Stipacek et al., 2003; Fink et al, 2005). As
previously mentioned, IT not only involves ET” mainly function -
encoding information and retrieving information from long-
term memory, but also requires to integrate information
from various sources. Thus, IT may require more cognitive
resources. It was found that IT was associated with beta
synchronization, while ET was related to beta desynchronization
in the bilateral parietal lobes. Some researchers have argued
that synchronization in beta waves represents attentiveness and
a binding mechanism that subserves perceptual and cognitive
functions (Von and Sarnthein, 2000). Additionally, Engel
and Fries (2010) have also pointed out that tasks involving
endogenous top-down processes are often accompanied by
increases in beta power. The IT aspect of zhongyong focuses
on integrating information from different sources, which may
require top-down processes, such as cognitive control and
attention (Bhattacharya and Petsche, 2005; Fink and Benedek,
2014; Schwab et al.,, 2014). Conversely, unlike IT, ET mainly
encodes and retrieves information, and lacks an information
integration function. As such, beta desynchronization reflects
the encoding of large amounts of external information, as
well as the encoding and retrieval of long-term memory
information, rather than the integration of information (Weiss
and Mueller, 2012), which is essentially the function of ET.
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Therefore, IT involves more top-down processes, while ET only
involves the retrieving and encoding of information in the
priming stage.

In the RAT, EEG results showed that alpha desynchronization
in the IT condition was significantly higher than in the ET
condition in the left hemisphere. IT engages not only information
integration but also the retrieving and encoding information.
Thus, it may require more cognitive resources. Some studies
have found that the phenomenon of alpha desynchronization is
typically observed during performance of conventional cognitive
tasks, and an increase of alpha band ERD is observed as a function
of increased cognitive load (Stipacek et al., 2003; Fink et al., 2005).
This study also found IT priming was associated with increased
beta synchronization, while ET priming tended to increase beta
desynchronization in the left frontal and bilateral parietal lobes.
Many studies have indicated the temporal and frontal lobes are
key brain regions for solving semantic creativity problems (Jung-
Beeman et al., 2004; Qiu et al.,, 2010; Zhao et al., 2013; Shen
et al., 2017). Further, a significant increase of beta activity over
the parietal region is associated with better RAT performance,
likely reflecting enhanced attentiveness and binding capacity
(Bhattacharya and Petsche, 2005; Razumnikova, 2007). These
results may be observed because a RAT mainly examines
the abilities of word association and concept integration. IT
is involved in top-down processes to integrate information,
which is the exact skill necessary to excel on a RAT. In
contrast, ET is primarily associated with information retrieval
and encoding. While these functions are necessary to solve RAT
problems, the top-down processes of information integration
that ET lacks are also necessary for the final stages of solving
aRAT.

On the whole, results found that EEG activity in the RAT phase
was similar to that observed in the priming phase. Especially, IT
and ET were found to trigger the same EEG activities. Specifically,
priming phase and RAT phase both showed beta synchronization
and beta desynchronization, respectively, in the bilateral parietal
lobes and IT condition with higher alpha desynchronization than
ET condition in the left hemisphere. This suggests that RAT and
priming tasks might share the same neural mechanism, both of
which are likely based on the top-down processing utilized in I'T
and the retrieval and encoding of information that is a result of

ET. Thus, different forms of thinking that are initiated by priming
tasks allowed participants to enter into a corresponding state of
preparation in advance, further affecting problem-solving ability,
as evidenced by RAT performance, which is consistent with the
current behavioral findings.

In summary, participants primed in IT showed better RAT
performance than those primed for ET, indicating that IT allows
for top-down processing of information integration, differing
substantially from ET, which appears to focus more on the
retrieval and encoding of information. Simultaneously, priming
tasks of zhongyong thinking might share a common neural
mechanism activated by the RAT, so participants were in an
enhanced state of integrative mind preparation after the IT
priming, making it easier to integrate and link information in the
RAT phase, and further improving RAT performance.

LIMITATIONS

It is worth mentioning that this study utilized only one creative
thinking task. This may limit the generalizability of the findings
to other creative tasks, such as divergent thinking. However,
it is important to note that the top-down process involved in
a RAT may be the same as those necessary for other types
of creative tasks. Additionally, the EEG method was adopted
in this study to explore the cognitive process of the effect of
zhongyong thinking priming on RAT. As we know that the EEG
has a low spatial resolution, so future research may consider
using fMRI (functional magnetic resonance imaging) instead.
Last, getting participants to apply zhongyong while solving
problems resulted in subjects completing very few priming
problems (two problems in each formal experiment). Therefore,
some important data (effective EEG signal ) may have drowned
out due to fewer overlapping times and high noise during
the experiment.
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Previous researchers have documented that priming inconsistent stereotypic
information boosts creativity. The current study further examined the moderating role
of creativity connectivity —which is the degree to which people perceive a social group
or professional role to be relevant to creativity—in the priming of information related to
the boosting effects of creativity. Study 1 adopted a 2 (stereotypically inconsistent target
gender: male vs. female) x 2 [priming types: stereotypically consistent information (SCI)
priming vs. stereotypically inconsistent information (SICI) priming] group design in which
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the stereotypic one such as “a female nurse.” Conversely, when information with high
relevance to creativity such as “a poet” was primed, there were no significant creativity-
boosting effects between inconsistent stereotypic information such as “a dull poet”
and the consistent one such as “an eccentric poet.” In sum, this study (i) replicated
the previous findings in Chinese culture and (i) further explored the moderating role of
creativity connectivity of the inconsistent stereotypic information.

Keywords: individual creativity, stereotypically inconsistent information, creativity connectivity, poster design
task, priming paradigm

INTRODUCTION

Creativity, which refers to the ability of individuals to generate novel and useful products
(Sternberg, 1999; Gong et al., 2016), is one of the most important topics in the study of psychology.
Creativity plays a vital role in individual career success and represents an unconventional way of
thinking that is critical to problem solving, individual progress, change, and innovation (Ward
et al., 2008; Tyagi et al, 2017). To fully tap the creative potential of individuals, researchers
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have explored and validated various factors that may affect
creativity, such as individual factors—including personality traits
and intelligence (Nusbaum and Silvia, 2011; Simonton, 2014;
Barbara et al., 2018; Kenett et al.,, 2018)—and environmental
factors, including family environment and cultural background
(Peijia et al., 2006; Lew and Cho, 2013). Thus, most previous
studies on creativity have focused on the influence of relatively
stable factors.

In recent years, social psychologists have gradually turned
their attention to the effect of relatively manipulable cognitive
factors on boosting creativity. For example, changing individual
cognitive styles can boost creativity; studies have shown that
priming one’s own multiple social identities can effectively
boost creativity (Gaither et al., 2015). Additionally, usage of
stereotypes—an important social cognitive style (Song and Zuo,
2016; Zhang et al., 2016) that implies fixed viewpoints and
opinions on the characteristics a certain group (Zuo et al,
2006, 2018)—is also receiving increased attention by social
psychologists and is emerging as a new way of boosting creativity.
Hudson (1968) first attempted to use stereotypic information
to boost the creative potential of elementary school students.
The study asked participants in the experimental group to
imagine themselves as “eccentric poets,” while participants in the
control group were asked to imagine themselves as “hardworking
scientists.” The results of this study showed that the experimental
group performed better than the control group in a subsequent
divergent-thinking task. On this basis, Dumas and Dunbar
(2016) used a multi-purpose task to measure the divergent-
thinking performance of participants and found that both fluency
and originality of the divergent thinking of participants in the
group primed with low-creativity stereotypes (e.g., “a stubborn
librarian”) were lower than that of participants primed with
high-creativity stereotypes (e.g., “an eccentric poet”); that is,
the effect of primed stereotypic information on creativity was
based on the connectivity between stereotypic content and
creativity. Later, de Rooij et al. (2017) attempted to manipulate
the relationship between the participants’ network avatars and
their corresponding creativity in a 3D virtual environment. They
asked the participants to imagine themselves as the avatar and to
generate creative examples of objects characterized by a particular
feature, which was used to measure participants creativity.
The results showed that non-creative network avatars (worker
stereotypes) reduced creativity, while creative network avatars
(artist stereotypes) had no significant effect on creativity. All of
the studies above focusing on the effect of stereotypic information
on creativity came to a relatively consistent conclusion, which is
that priming stereotypes with a strong connection to creativity
(e.g., “an eccentric poet,” “artists”) could improve one’s creativity
or at least keep creativity constant, while priming stereotypes
with little connection to creativity (e.g., “a stubborn librarian,”
“office workers”) would reduce creativity. It can be seen that the
creative connectivity of priming information—that is, the degree
of association between social groups/professional roles and the
perceived creativity of these groups/roles—plays an extremely
important moderating role in how stereotypes affect creativity.

In addition to exploring the impact of stereotypically
consistent information (abbreviated as SCI, which means

information that corresponds to existing stereotypes), recently,
the effect of the priming with stereotypically inconsistent
information (abbreviated as SICI, which means information that
does not correspond to existing stereotypes) on creativity has
aroused great interest among social psychologists. For example,
Goclowska et al. (2013) conducted two experiments to investigate
this effect. In this paper, Study 1 used an “unintentional
plagiarism” task and found that priming with SICI could
effectively stimulate participants’ cognitive flexibility and reduce
their reliance on the availability of knowledge. Study 2 asked
participants in the stereotypical condition to come up with five
social combinations that “should go together,” while participants
in the stereotypically inconsistent condition were asked to think
of five social combinations that “should not go together.”
Afterward, the researchers used a poster-design experiment to
measure creativity, which required the participants to generate
new ideas for a themed night at a college club and display their
ideas on posters. The results showed that priming with SICI could
boost the performance of the participants in the creative task,
even if the priming information was unrelated to any specific
target group. For this result, Goclowska et al. (2013) argued that
when SICI was primed, stereotyped or schematized knowledge
would no longer be effective due to participants’ less frequent
reliance on available knowledge. Thus, priming with SICI is
beneficial to boost the flexibility and creativity of individual
thinking. Based on these results, researchers (Goctowska et al.,
2014) further explored the boundary conditions of the creativity-
boosting effect. They found that the boosting effect only existed
in individuals with a low personal need for structure (PNS). PNS
is defined as “the long-term tendency to create and use abstract
mental representations (such as pictures, scripts, attitudes, and
stereotypes) that have been simplified by previous experience”
(Sun et al., 2016). When exposed to SICI, low PNS promoted
participants’ divergent thinking, making them perform better
on insight problem-solving, but it had no effect on aggregate
thinking. Although high PNS did not affect the individuals’
aggregate thinking, it inhibited their divergent thinking, making
them perform worse when solving insight problems. Later,
Damer et al. (2018) found that need for cognition (NFC), which
refers to the tendency of a person to participate in and enjoy
cognitive activities that require effort, also influenced the effect
of SICI on cognitive flexibility. For individuals with low NFC,
exposure to SICI increased their cognitive flexibility. Conversely,
for individuals with high NFC, SICI was not enough to surprise
them and, thus, would instead reduce their cognitive flexibility.
Therefore, according to these previous findings, it can be inferred
that the effect of SICI on creativity is moderated by multiple
variables. However, the existing literature has mostly explored the
boundary conditions of the boosting effect of SICI on creativity
from the perspective of evaluators” individual differences (such
as PNS and NFC), while few studies have examined the possible
moderating role of priming information—such as its creativity
connectivity—in the creativity-boosting effect of SICIL. Therefore,
this study will further examine the creativity-boosting effect from
this information-priming perspective.

Furthermore, previous studies on the boosting effect of SICI
on individual creativity have mostly been carried out in a Western
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context, whereas Confucianism—which is dominant in China
(Liu, 2018)—advocates a moderation-thinking pattern and an
educational system that promotes collectivist culture, which is
extremely different from the framework of Western countries.
Hence, it is necessary to examine whether the positive effects of
SICI on creativity also exist in this Eastern kind of social context.
In addition, the moderating role of the creative connectivity of
priming information in the creativity-boosting effect is also worth
exploring further. Therefore, this study first examined whether
the positive effects of SICI on creativity still exists in the context
of Chinese culture and then, in Study 2, explored the moderating
role of creative connectivity of priming information.

STUDY 1: THE EFFECT OF
STEREOTYPICALLY INCONSISTENT
INFORMATION ON CREATIVITY

Purposes and Hypotheses

We aimed to use the priming paradigm and the poster paradigm
to explore whether the priming of SCI/SICI would have a
boosting effect on creativity. The poster paradigm has previously
been used to measure creativity by Goclowska et al. (2013). In this
paradigm, participants are asked to think of a party theme for a
college club and to display their ideas on posters. Then several
raters—blind to the experimental conditions and hypotheses—
judge the creativity of ideas and posters. When the inter-rater
reliability is acceptable, the average score of the raters is used as
the participant’s creativity score. In this study, we hypothesized
that, compared with SCI priming, SICI priming would boost the
creative performance of participants more effectively.

Methods
Participants
The required test volume for calculations using G*Power 3.1 was
89 people (assuming a significance-level o of 0.05, a statistical
power (1 — B) of 0.95, and an effect size of 0.45). A total of
89 students (41 males and 48 females) with an average age of
19.12 years (SD = 1.90) from Wuhan were recruited through
advertising in college. All of the participants volunteered to be
involved in the study and were compensated with six yuan after
completing the experiment. Each subject was randomly assigned
to an experimental condition. The results of specific grouping,
gender, and age distributions are shown in Table 1.

In addition, this study was carried out in accordance with the
recommendations of APA ethical guidelines. The protocol was

approved by the Ethics Committee of the Research Center for
Social Psychology at Central China Normal University. Before
the experiment, all subjects gave written informed consent in
accordance with the Declaration of Helsinki. The informed
consent included a brief description of the study and potential
risks. Subjects were also informed of the experiment duration,
their right to withdraw from the experiment at any time, the
confidentiality and anonymity protection of their data, and the
contact information of the lead researcher. Participants indicated
their willingness by checking the “I agree” option and then moved
on to the experiment. This informed consent procedure was
identical in Study 2.

Experimental Design

The experiment adopted a 2 x 2 group design. The independent
variables were the information’s target gender (male vs. female)
and priming type (SCI priming vs. SICI priming), which were
both between-subject variables, while the dependent variable was
the performance of the participants in the poster design.

Selection of Experimental Materials

First, we chose “a male governor” and “a female nurse” as
the targets of the SCI group, and “a female governor” and
“a male nurse” as the targets of the SICI group. Then we
used a subjective evaluation method to test the validity of the
experimental materials. Specifically, we recruited 37 participants
(21 males and 16 females) through the QQ group platform; their
average age was 20.73 years (SD = 2.16). Participants were asked
to complete a questionnaire on the Wenjuanxing questionnaire
platform', which was used to rate the typicality of the four targets
as a male/female. For example, we asked, “T'o what extent do you
think ‘a male nurse’ is typical among men?” The participants rated
them on a seven-point Likert scale (from 1 = “very typical” to
7 = “very atypical”). A high score indicated that the participant
thought that the target was atypical and was considered an anti-
stereotype, while a low score indicated that the subject thought
that the target was typical and was considered a stereotype.

The results of repeated measures ANOVA showed that the
mean scores of the two targets in the SICI group (M = 4.76,
4.35) were significantly higher than those of the two targets in
the SCI group (M = 2.41, 2.54; p < 0.001 for both). Hence, the
experimental materials were validated.

'In China, The Wenjuanxing questionnaire platform (https://www.wjx.cn/) is
widely used for posting online questionnaire and collecting data. We first posted
the questionnaire on the platform and after collecting all the data, we downloaded
them from the platform.

TABLE 1 | Distribution and descriptions of gender and age in each group (N = 89).

SCI priming SICI priming
Participant gender Target gender n Mage SD n Mage SD
Male Male iRl 20.0 2.49 10 19.9 1.85
Female 10 20.0 2.36 10 20.7 2.21
Female Male 13 17.9 0.56 12 18.4 0.79
Female 10 18.7 1.49 13 18.2 0/99
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Experimental Procedure

This experiment was divided into two phases, namely, the
priming phase and the creativity-measurement phase. First,
participants completed the SCI/SICI priming phase through an
adjective description task (Leicht et al., 2014), which required
participants to use six adjectives (trying to avoid repetition) to
describe a specific target. The target for the SICI priming group
to describe was “a male nurse” or “a female governor,” while
the target for the SCI priming group to describe was “a male
governor” or “a female nurse.” For example, the instruction
was, “Please use six adjectives to describe a male nurse’.” After
the description task, each participant completed a manipulation
check to ensure the validity of the independent variable,
that is, the priming type. The corresponding manipulation-
check question for each condition was the same as in the
pre-experiment.

The second phase took place immediately after the
manipulation check, during which we used poster design
(Goctowska et al., 2013) for creativity evaluation. All participants
were asked to design a poster for a party at a college in 5 min,
and were instructed to make the poster as novel and unique as
possible. After collecting all the posters, we invited three raters—
who were blind to the purpose of the experiment—to evaluate
the novelty and creativity of the posters using a five-point Likert
scale (from 1 = “very uncreative” to 5 = “very creative”). Then we
calculated the inter-rater reliability of the three scorers to ensure
the credibility of the evaluation. A higher score indicated better
creativity performance.

Results

We tested the validity of the independent-variable manipulation
using SPSS 21.0. Post hoc multiple comparisons of the one-way
ANOVA showed that the mean scores of the two targets in the
SICI priming group (M = 5.55, 3.95) were both significantly
greater than those of the two targets in the SCI priming
group (M = 2.35, 2.08; p < 0.001 for both), which indicated
that participants in the SICI group thought the targets were
more counter-stereotypic than those in SCI group. Hence, our
manipulation on priming type was validated.

With regard to the inter-rater reliability of the three raters,
we obtained o = 0.76, which indicated that the three scorers’
evaluations on the posters were reliable; therefore, a mean value
could be calculated for further data analysis. We conducted a one-
way ANOVA on the novelty scores of the participants’ posters.
The results showed that the main effect of the priming type was
significant [F(1,85) = 6.74; p < 0.05; n? partial = 0.06]. The main
effect of the target gender was not significant [F(1, 85) = 0.08;
p = 0.78]. Additionally, the interaction between the priming
type and target gender was not significant [F(1,85) = 2.62;
p = 0.11]. Specifically, the creativity scores of participants under
the condition of SICI priming (M = 2.76, SD = 0.14) were
higher than those of participants under the condition of SCI
priming (M = 2.25, SD = 0.14). This result indicates that,
in comparison to SCI priming, SICI priming boosts creative
performance significantly better, which confirms our research
hypothesis. Meanwhile, the gender of the targets did not have a

significant effect on the creativity performance of participants.
Specifically, there was no significant difference in the creativity
scores of the participants when priming with stereotypically
inconsistent men (M = 2.94, SD = 0.85) vs. when priming
with stereotypically inconsistent women (M = 2.57, SD = 0.96;
p =0.18). There was also no significant difference in the creativity
scores of the participants when priming with stereotypical males
(M =213, SD = 0.71) vs. priming with stereotypical females
(M =238, SD = 1.11; p = 0.38). The specific results are shown
in Table 2.

Discussion

Study 1 manipulated the independent variables by asking
the participants to write adjectives to describe stereotypically
consistent or stereotypically inconsistent individuals, and
examined the influence of the priming type on creativity
performances. The results confirmed that the priming type can
indeed influence the creativity performances of participants;
that is, compared to participants who were primed with SCI,
participants who were primed with SICI were more likely to think
unconventionally and obtained higher scores on the subsequent
creativity tests (i.e., poster designs). Further examination about
the influence of the gender of the evaluation target on the
relationship between the priming type and the creativity score
suggested that whether the stereotypically inconsistent target
used for priming was male or female did not make a difference,
indicating that the positive influence of SICI is not affected by
the gender of the evaluation target. In general, the results of
Study 1 have confirmed the positive effect of SICI on individual
creativity. Next, Study 2 explores the boundary conditions of
SICI on creativity-boosting from other perspectives.

STUDY 2: THE MODERATING ROLE OF
THE CREATIVE CONNECTIVITY OF SICI

Purposes and Hypotheses

Study 2 further examined whether priming information with
different levels of creative connectivity would have different
effects on creativity-boosting. Specifically, we examined whether
SICI highly connected with creativity or lowly connected with
creativity would have a similar effect on creativity performances.
In Study 2, our hypothesis was that, relatively speaking, SICI
highly connected with creativity would not boost the creativity
of participants while SICI lowly connected with creativity would
boost the creativity of participants.

TABLE 2 | The results of the one-way ANOVA on the novelty scores of the
participants’ posters.

Variation source df F p n2p
Priming type 1 6.74* 0.001 0.00
Target gender 1 0.08 0.78 0.07
Priming type x target gender 1 2.62 0.11 0.03
*p < 0.05.
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Methods

Participants

We recruited a total of 85 students (41 males and 43 females) from
Wuhan through advertising in college. All of the participants
were volunteered to be involved in the study and were
compensated with six yuan after completing the experiment.
Their average age was 19.36 years (SD = 1.34), and one of
the participants did not write down his or her gender or
age. Each subject was randomly assigned to an experimental
condition. The specific grouping, gender, and age distribution
are shown in Table 3. In addition, this study was also carried
out in accordance with the recommendations of APA ethical
guidelines. The protocol was approved by the Ethics Committee
of the Research Center for Social Psychology at Central China
Normal University. All subjects gave written informed consent
in accordance with the Declaration of Helsinki. The informed
consent procedure was identical for Study 1.

Experimental Materials

First, we selected “poet” and “nurse” as targets with different
levels of creative connectivity and added stereotypically
consistent or stereotypically inconsistent characteristic words to
form SCI (“an eccentric poet” and “a female nurse”) and SICI
(“a dull poet” and “a male nurse”). Then we used subjective
evaluation methods to test the validity of the experimental
materials. Specifically, we recruited 33 participants (14 males
and 19 females) through advertising on campus. Their average
age was 21.3 years (SD = 2.88). We asked the participants to rate
the typicality of the four targets—“an eccentric poet,” “a dull
poet,” “a male nurse,” and “a female nurse”—as poets or a nurses.
For example, we asked, “How typical is it for there to be ‘a male
nurse’ among nurses?” Subsequently, the participants rated the
targets on a seven-point Likert scale (from 1 = “very typical”
to 7 = “very atypical”). A high score meant that the participant
believed that the stimulus was atypical and belonged to the
stereotypically inconsistent category and a low score meant
that the participant thought that the stimulus was typical and
belonged to the stereotypical category.

The results of repeated-measures ANOVA showed that the
mean scores of the two targets in the SICI group (M = 5.12, 5.06)
were significantly higher than those in the SCI group (M = 3.39,
2.45; p < 0. 001 for both). Hence, the experimental materials
were validated.

Experimental Design

We used a 2 (creativity-domain connectivity: high vs. low) x 2
(priming types: SCI priming vs. SICI priming) inter-group
design. Within this design, the priming information of the high-
connectivity SCI condition was “an eccentric poet, and the
low-connectivity SCI condition was “a female nurse,” while the
high-connectivity SICI condition was “a dull poet,” and the low-
connectivity SICI condition was “a male nurse.” The dependent
variable was the creativity performance of the participants in the
poster design.

Experimental Procedure

First, we completed the priming phase through an adjective-
description task. The target that the participant needed to
describe was “an eccentric poet,” “a dull poet,” “a male nurse,
or “a female nurse.” Apart from the descriptive targets in
the priming phase, the remaining specific processes were the
same as in Study 1. Next, the validity of the manipulation of
the independent variables was tested; the specific process was
the same as in the pre-experiment. Finally, we measured the
dependent variable. We also used the poster-design paradigm and
scored the collected posters. The specific process was the same as
in Study 1.

Results

We tested the validity of the independent-variable manipulation
using SPSS 21.0. Post hoc multiple comparisons of the one-way
ANOVA showed that the mean scores of the two targets in the
SICI group (M = 5.48, 4.61) were significantly higher than those
of the SCI group (M = 2.65, 3.47; p < 0.01 for both). This
indicated that the manipulation of the independent variable of
priming type was validated.

With regard to inter-rater reliability of the three raters,
we obtained a = 0.75, which indicated that the evaluations
of the three evaluators were reliable; therefore, a mean value
was calculated for further data analysis. We conducted a one-
way ANOVA on the novelty scores of the participants’ posters.
The results showed that the main effect of the priming type
[F(1,80) = 0.24; p = 0.63] and the main effect of creativity-domain
connectivity [F(1,80) = 0.03; p = 0.87] were not significant,
but the effects of the interaction between the priming type
and connectivity were significant [F(1,80) = 5.23; p < 0.05; n?
partial = 0.06]. The specific results are shown in Figure 1.

TABLE 3 | Distribution and descriptions of gender and age in each group (N = 85)*.

SCI priming SICI priming
Target gender Creative connectivity n Mage SD n Mage SD
Male High 9 19.9 0.67 1 19.1 1.04
Low 10 191 1.45 ihl 19.5 1.13
Female High 10 20.1 1.60 12 20.2 1.47
Low 10 18.5 1.35 iRl 18.6 1.03

In Study 2, age and gender variables were not our independent variables, so we decided to keep the data of the one subject who did not specify gender and age. His or
her experimental condition was low-connectivity SICI priming condition. His or her data would be included in the subsequent analysis, while his or her information is not

shown in Table 3.
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FIGURE 1 | Interaction diagram between the priming type and
creativity-domain connectivity.

Since the effects of the interaction between creative
connectivity and priming type were significant, we further
performed a simple-effect analysis. The results showed that
under the high-connectivity conditions, the creativity scores of
the participants in the SCI priming group and SICI priming
group did not differ significantly [F(1,39) = 1.64; p = 0.21].
However, under low-connectivity conditions, the creativity
scores of the participants in the SCI priming group and SICI
priming group differed significantly [F(1,41) = 4.23; p < 0.05].
Specifically, under low-connectivity conditions, the creativity
scores of the SICI priming group (M = 2.81, SD = 1.14) were
significantly higher than those of the SCI priming group
(M =2.15, SD = 0.95). Furthermore, under the high-connectivity
conditions, the creativity scores of the SICI priming group
(M =2.3, SD = 1.03) did not differ significantly from those of the
SCI priming group (M = 2.74, SD = 1.14). The specific results are
shown in Table 4.

Discussion

Study 2 explored the moderating mechanism of the relationship
between SICI priming and creativity-boosting. Specifically, it
examined whether SICI priming affects individual creative
performance differently when the creativity connectivity of the
priming information is different. The results show that when
the priming information has low connectivity to creativity, the
priming of SICI is more stimulating to participants’ creative
performance than the priming of SCI. However, when the
priming information is highly connected to creativity, there is
no significant difference between the two. Specifically, when the
priming information has low connectivity to creativity, such
as the information about the nurse, priming with SICI (“a

TABLE 4 | Further simple-effect analysis.

Variation source df F P 12 partial
Priming type (SCI/SICI)

Low connectivity 1 4.23* 0.04 0.09
High connectivity 1 1.64 0.21 0.04
*p < 0.05.

male nurse”) boosts participants’ creativity more than priming
with SCI (“a female nurse”). Furthermore, when the priming
information has high connectivity to creativity, such as the
information about the poet, priming with SCI (“an eccentric
poet”) and priming with SICI (“a dull poet”) do not affect
the creative performance of the participants differently. These
results suggest that not all SICI can improve the creativity
of participants. Only when the connectivity between priming
information and creativity is relatively low will SICI be able to
better boost creativity.

GENERAL DISCUSSION

From the perspective of social cognition, this study has deepened
our understanding of the effect of SICI on creativity-boosting
from two different aspects. First, this study has confirmed
that priming with SICI is an effective strategy for boosting an
individual’s creative performance in the poster-design task, which
is consistent with the results of previous studies conducted in
a Western cultural context (Goclowska et al., 2013). Besides,
our findings proved that even in a Chinese cultural context,
the positive effect of SICI can also be extended beyond the
field of stereotypes. Finally, this study proposed and confirmed
the moderating effect of creativity connectivity, which further
supplements the research of Goclowska et al. (2014) on the
relationship between SICI and creativity. This result indicates
that creativity is not a stable characteristic of an individual, but
rather a flexible product of the interaction between the situation
and the individual.

The results of Study 1 suggest that SICI priming can boost
an individual’s creative performance, and that this effect is
unrelated to the gender of the target of the priming information.
Whether one primes with SICI of a male or female target, both
are able to significantly improve the creative performance of
participants. This result is consistent with the results obtained
by Goctowska et al. (2013) using a stereotypically inconsistent
linking method. On the other hand, it also shows that, in
the context of Eastern culture, SICI can also lead subjects to
be less likely to apply stereotypical or schematic knowledge,
thus making their cognition more flexible and boosting their
creativity performances.

In addition, other studies on the effects of SICI on cognition
have also provided indirect evidence for the results of this study.
For example, many studies have found that the exposure to
SICI can effectively reduce peoples stereotypes and prejudices
toward specific groups (Lai et al., 2014; Finnegan et al., 2015).
Additionally, there have been other researchers who have shown
that priming with anti-stereotypes can influence an individual’s
self-concept, that is, reducing the stereotyping of one’s implicit
self-concept can make one’s explicit self-concept more flexible
(Asgari et al., 2010, 2012). All these studies have suggested that
priming with SICI can provide an unconventional atmosphere for
individuals in a short time, thus affecting their original cognition.
In the present study, creativity performance in the poster-design
task was enhanced precisely because the previous description task
of SICI activated the creative-thinking process of the subjects.
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Some of the results in Study 2 provide indirect evidence to
corroborate previous studies regarding stereotypes and creativity.
According to Dumas and Dunbar (2016), when the priming
stimulus has low-creativity connectivity (e.g., “a stubborn
librarian”), it is not conducive to individual creativity. Only when
the stimulus has high-creativity connectivity (e.g., “an eccentric
poet”)—or at least does not have low creativity—will it boost
individual creativity. Similarly, we found that when the high-
creativity-connected SCI (“an eccentric poet”) was primed, its
boosting effect on creativity was marginally significantly higher
than that of priming with low-creativity-connected SCI (“a
female nurse”), p = 0.09, which is consistent with the results of
Dumas and Dunbar (2016). What is more, we further explored
the impact of SICI with different creativity correlations on
creativity. We found that when the SICI were highly related
with creativity—such as “a dull poet,” which is anti-stereotyped
since information on poets is generally associated with high
creativity—it was not conducive to boosting individual creative
performance. However, when the SICI had low connectivity
to creativity—such as a male nurse, since information about
nurses generally has a low connectivity to creativity—it did boost
individual creativity.

In general, based on previous research and theories, the
present study made some reasonable inferences and further
obtained some meaningful conclusions and findings that
can extend and supplement previous findings through strict
manipulation and control of variables. However, there are still
some limitations to our study. First, the participants selected
in the two experiments were all college students. We did not
consider other social groups, which could have affected the
ecological validity of the study. As a special group, college
students have stronger cognitive ability and higher intelligence,
relative to other social groups. Studies have shown that individual
intelligence and creativity have a moderate level of correlation
(Nusbaum and Silvia, 2011). Therefore, in future research,
it will be necessary to select other social groups—such as
teenagers and children—and different occupational groups to
test these hypotheses. Second, while Study 2 explored the effect
of creative connectivity on creativity-boosting by selecting “an
eccentric poet” and “a dull poet) and “a female nurse” and
“a male nurse” as high/low creative connectivity stereotypically
consistent/inconsistent targets—future research may also adopt
other groups to conduct repetitive tests, such as the following:
“an innovative artist” and “a somber artist’; “a male engineer”
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Multicultural experience refers to those experiences gained through individuals’ contact
with other cultures. This study focused on exploring whether knowledge of different
cultures can improve creative performance-and also how multicultural experiences
influenced this performance through changes in individual’s physiological mechanisms.
Study 1 explored the influence of different cultural priming on creative story-writing tasks.
Eighty-nine Chinese college students were randomly assigned to 4 conditions: sole
American culture, dual cultures, sole Chinese culture or control condition, and made to
watch 45 min slides with cultural elements—including pictures, music and videos, —and
then they were asked to complete the creative story-writing task. The results showed
that American culture priming group’s score was significantly higher than the control
condition with regards to the uniqueness and novelty of the creative story-writing task.
Study 2 was aimed at exploring the relationship between physiological arousal levels
induced by different cultural and creative performance. We divided the whole experiment
into five stages,—including the baseline, picture, listening to music, watching video,
and completing creative tasks. Through Biofeedback measurement, we recorded the
physiological indexes of participants in different groups in every stage, including skin
conductance, thermal, electroencephalographic, and heart rate. The results showed that
contacting with foreign cultures would increase individuals’ physiological arousal level and
brain activity, which contributed to the following creative task.

Keywords: multicultural experience, creativity, physiological awaken, culture shock, cultural priming paradigm

INTRODUCTION

Creativity, which refers to the generation of useful and appropriate new ideas (Dong et al., 2016), is
one of the most important capabilities of the twenty-first century (Fink et al., 2014; Miron-Spektor
and Beenen, 2015). There are two common elements in the definition of creativity, namely novelty
and applicability (Sternberg et al., 1999; Runco and Jaeger, 2012). The measurements of creativity
include the cognitive process of the creativity and creative support, such as the measurement
of creative performance through problem solving tasks, remote association task, story-writing
task and divergent thinking tasks (Leung, 2008) Creativity depends on many factors including
environment, personality, cognition and motivation and so on (Amabile, 1996; Csikszentmihalyi,
1996; Sawyer, 2006; De Dreu, 2010; Chua et al., 2012, 2014). Zha et al. (2006) also proposed
that culture could contribute to individual creativity in respect of the definition and evaluation
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of creativity. However, whether different cultures have different
influence on creativity and the psychological mechanism by
which culture influences creativity all remain to be explored.
Recent researches have shown that multicultural experience
could enhance creativity (Presbitero, 2016; Falavarjani and
Irandust, 2017). Multicultural experience refers to all direct
and indirect experiences gained by individuals when they
communicate or connect with members or elements of other
cultures (Leung, 2008; Aytug et al., 2018). Due to the diversity
of cultures, multicultural experience should include not only
the experience brought by exposure to cultures of different
countries, but also the experience brought by exposure to cultures
of different nations and regions. Chang et al. (2017) suggested
that multicultural experiences not only provide individuals
with opportunities to learn new concepts and knowledge, but
often require the establishment of innovative frameworks, which
help to solve the incongruity when the idea of new learning
is incompatible with individuals’ prior knowledge structures
(Chang et al., 2017). Studies also have shown that exposure
to working groups that include members of multiple cultures
or contacting a diverse range of perspectives generated by
groups, are positively correlated with the development of creative
potential (Guimera et al., 2005; Kurpis and Hunter, 2016;
Sparkman et al,, 2016). It may be that this exposure increases
tolerance for the mixed views of organizations and teams. Other
research shows that individuals who speak two kinds of language
have higher levels of creative performance than those who
speak one language (Lambert et al., 1973). In addition, previous
evidence showed that race diverse groups, such as first or second
generation immigrants, were more creative (Simonton, 1999),
which was evaluated by multidimensional indexes, such as verbal
fluency, flexibility and originality (Chang et al., 2014). Chang
etal. (2015) found that the children of parents from two different
cultures would have better performance in general fields and
special fields mathematics creativity. Tendayi Viki and Williams
(2014) found that the bicultural experience in the family is
conducive to the creativity of children who belong to mixed race
group. In addition, more and more research shows that studying
abroad could stimulate individuals’ creativity (Hu et al., 2017).
Besides, the results found that people who lived abroad could
solve the Duncker Candle Problem much more easily than those
who did not, while the time spent living abroad significantly
predicted creative solutions. However, the time spent on traveling
abroad before had no correlation with individual creativity
(Galinsky et al., 2006; Falavarjani and Irandust, 2017). Shi et al.
(2012) found that the disintegration of multicultural experience
general knowledge structure improved the access to knowledge
which was difficult to obtain in conventional cases. Yang and Li
(2015) suggested that individuals with multicultural experience
were more likely to obtain complex construct cultural cognition
and improved their cognitive complexity. And research also
showed that multicultural experience would enable individuals
to adopt the global processing cognitive styles in information
processing (Yang and Wan, 2012; Yang, 2014). All of these studies
showed that creativity was promoted to a certain extent when
an individual was in one or more new cultures, and previous
studies have indicated that this was most likely due to the fact that

when an individual experienced a multicultural environment,
the cognitive process would be changed, which might enhance
individuals’ creativity.

For individuals without experience abroad, studies also found
that the multicultural experience could make the participants
tend to the whole processing of information, and properly has
the significant positive correlation with creative problem solving
(Gaither C. J. et al.,, 2015). It can also have a positive impact on
verbal creative tasks. Furtherly, the scores of novelty of the AUT
task and story-writing task of the participants in the American
culture priming group were significantly higher than those in
the Chinese culture group and the control group, and multiracial
participants who were primed with flexible multiracial identities
performed significantly better on RAT tasks than non-primed
multiracial participants and primed mono-ethnic participants.
These studies have shown that even if individuals do not live
in a new cultural environment, they could still get multicultural
experience by culture priming, and the promotion effect on
creativity might still exist, which proved the effectiveness of the
cultural initiation paradigm to some extent.

Leung and Chiu (2010) using cultural priming paradigm,
found the multicultural experience could help to improve
individuals’ creativity. According to researchers exposed to
different cultures, the individuals’ concepts would be expanded,
so as to improve the creativity of the individuals. However, Leung
only found this phenomenon under dual cultural conditions,
and this point of view is obviously not enough to explain all
the experimental results. In Leungs study, participants only
exposed to Chinese cultural elements were actually stimulated
by new cultural elements and gained multicultural experience.
However, their creativity was not improved, so the influence of
multicultural experience on creativity was not necessarily due to
concept expansion. In addition, on account of the difference in
mainstream culture and the disparity in national development
level, American college students’ degree of interest and familiarity
with Chinese culture is greatly different from that of Chinese
college students’ degree of interest and familiarity with American
culture, which leads to different results in the influence on
creativity. Therefore, we speculate that since this experiment’s
participants were all college students in the United States,
different results would be obtained if the college students in
China participated in the experiment. We speculate that since
the participants used in this experiment are American college
students, if the subjects were replaced by participants from
another cultural environment, the results might be different.
Because of the difference in mainstream culture, as well as the
difference in the two countries level of development, American
students’ interest and familiarity in Chinese culture may be
different than Chinese students, leading to the change on the
creative ability also could produce different results. Therefore, we
would test this assumption in study 1.

Studies have shown that when individuals are separated
from the environment or customs they used to live in, they
would feel a sense of physical and emotional maladjustment
which was brought by cultural shock caused by the new
environment (Junaid and Pertiwi, 2017). Cultural shock refers
to the psychological reaction when most people are exposed to
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a new culture that they have never experienced before. Different
cultural shocks can lead to different psychological responses,
such as anxiety, surprise and confusion when people enter the
new environment (Kristian, 2013). Cultural shock may have
some positive emotions, such as surprise, excitement, careful
and good social interaction and adaptation of life changes.
These experiences are likely to improve individual physiological
activation level.

Clark et al. (1993) pointed out that high creativity individuals
has faster synapses activities and more abundant chemical
composition of neurons, so that there may be a more complex
neural model underlying the information processing of high
creativity individuals. He also pointed out that high creativity
alpha waves of electrical activity in the brain maintained more
durable and input more quickly, therefore, they had better
effect on learning and memory. According to Martindale et al.’s
(1996) research, higher creative people have stronger intense
skin potential responses to tone stimulation than lower creative
people did, and the underlying skin response is covariant
with cortical activation levels. Previous study about creative
individuals showed that the amplitude of the pre-frontal cortex
wave was higher in the verbal association and in the imagination
task, while the amplitude of the frontal lobe wave was higher in
the imagination task (Hudspith et al., 1985). In researches of EEG
on divergent thinking and convergent thinking, Jausovec and
Jausovec (2000) found that individuals with high creativity have
a higher wave power. The investigation of the cortical activity in
remote association task, which has three conditions: the classic
remote association task, simple associative task and eye-opening
rest, showed that the power value of the 2 (20-30 Hz) distant
association task’s worm 2 (20-30Hz) band were significantly
increased in various brain regions compared with the other
two tasks. The power of 61 (4-6Hz) increased significantly
in the frontal cortex of the brain; and the a wave (8-13 Hz)
was significantly increased in the posterior region of the brain
Razumnikova (2007). Carlsson et al. (2000) explored the changes
of brain blood flow in alternate uses task, and found that the
high creativity individuals showed significant activation in both
frontal lobes of the brain. Previous studies have shown that when
individuals’ cognitive activities change, the physiological arousal
level might be different with a series of changes. Above results
suggested that creativity was closely related to brain activity and
physiological activation.

Some theories suggest that creativity has a lot to do with
the level of cortical activation in the brain. There are two
distinct findings about the relationship between creativity and
cortical activation. One opinion suggested that high creativity
people have higher cortical activation levels. Individuals who
were more creative got higher scores on the word association and
anxiety tests than those who were less creative did. Furthermore,
there was a positive correlation between basic skin conductance
measurements and creativity tests in high creativity individuals
(Zhou and Zhang, 2002). Another view claimed that high
creativity individuals have lower levels of basic activation.
Wyspianski et al. (1963) found that compared with high creativity
people, the amplitude of o wave is greater in the low creativity
people, which can represent the activation level of cerebral cortex.

Another experimental evidence showed that the plasma levels
of uric acid in the high creativity individual are low, since
the plasma levels in the high creativity individual reflect the
physiological activity status, which also indicates that the basic
activation level of the high creativity individual is relatively
low. Due to these different findings, some researchers proposed
the variability of cortical activation level, and the variability
of physiological activation was higher in individuals with high
creativity. Studies by Martindale and Hasenfus (1978) showed
that individuals with high creativity showed more variability
in their skin electrocardiogram and EEG o waves. Previous
studies have shown that attentional alertness level changes are
accompanied by a series of physiological arousal changes (Pfaff,
2008; Smolders and de Kort, 2014). For example, the increasing
of the sustained attention and the alertness level had a positive
relationship with EEG low theta activity (Oken et al., 2006).
Besides, there was a negative correlation between attentional
alertness level and Electromyogram (EMG) and maximum fractal
length (MFL) of EEG (Arjunan et al, 2009). As we could
know from the research reviews above, we could conclude that
multicultural experience would change individuals' cognitive
process of information processing and changes in cognitive
processing were usually accompanied by a series of physiological
changes. Since there was a correlation between physiological
arousal changes and creativity promotion, study 2 designed to
explore the internal mechanism of multicultural experience to
promote creativity from the perspective of physiological arousal.
Therefore, in current study, we also wanted to explore the
relationship between multicultural activation and physiological
arousal, and the effect of activation of this physiological state
on creativity.

STUDY 1

To explore the influence of different cultural startup conditions
(American cultural priming conditions, Chinese cultural priming
conditions, American-Chinese fusion culture conditions and
control conditions) on the story-writing task.

Methods

Participants

The participants were selected from students of Southwest
University, which were randomly assigned to such four groups.
This is a between-subjects design with 20 subjects in each
condition. In accordance with the Declaration of Helsinki (1991),
the experiment was approved by the Academic Committee of
the School of Psychology and the local ethics committee of the
School of Psychology, Southwest University in China. We had
obtained appropriate ethics committee approval for the research
reported, and all subjects gave written informed consent before
our experiment.

Materials

Prime conditions: American cultural priming conditions,
Chinese cultural priming conditions, American-Chinese fusion
culture conditions. Each condition was presented to the subjects
as a slide show, which included 160 images and was played with
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a music background of the corresponding culture for 20 min.
After that were 10 min music video and 15min TV video.
Materials under the three cultural conditions involve various
aspects, such as home decoration, entertainment program music,
furniture, costume, cooking, life, film, art and architecture,
landscape literature, and so on. Under the American-Chinese
fusion culture conditions, American cultural elements and
Chinese cultural elements each account for half, and alternate
presented (Zhou et al., 2011).

Creative task: Story-writing task. First of all, let the
participants read about the story of the Cowherd and the
Weaving Maid (a Chinese legend), and then let them to make
up a new versions of the story for Turkish children. They are
required to try their best to imagine to rewrite the story, make the
story more creative, novelty and organization. They not only need
to give participants an overview of the original story, but also
the information about Turkey’s geographical location, climate,
religion, economy, industry, and a narrative of everyday Turkish
life. Importantly, these participants were unfamiliar with Turkish
culture. Before rewriting the story, the subject was asked to report
familiarity with Turkish culture, with a score range 1-7. A score
of 1 indicating that he was not at all familiar, and a score of 7
indicating that he was very familiar. Finally, the score was M =
1.72, SD = 0.98.

Procedures

First of all, the participants were randomly assigned to four kinds
of experimental conditions: (1) the American culture condition:
the participants only watched the slide showing about American
culture (2) the Chinese culture condition: the participants only
watched slides showing about Chinese culture (3) the American-
Chinese fusion culture conditions: the participants watched a
slide showing of Chinese and American culture alternatively (4)
control condition: participants did not watch any power point
slides. The slide lasted 45 min, including pictures of music video
in the corresponding culture, in which the picture stage was about
20 min, the music stage was about 15min, and the TV video
stage was about 10 min, followed by the subjects finishing the
story-writing task.

After the experiment, the four undergraduate students in
the department of Chinese language and literature were asked
to rate the story making task from the two aspects of novelty
and uniqueness (scores ranged from 1 to 7). The novel degree
of novelty was about the original story, and the uniqueness
was relative to the unique degree among all the stories written.
The consistency reliability of novelty was 0.898, the consistency
reliability of uniqueness was 0.886.

Analysis

SPSS16.0 statistical software was used to test the differences
in creative performance under various cultural conditions with
one-way ANAVA (Table 1).

Results

The results showed that under all the culture priming
conditions, the novelty of the story-writing task reached marginal
significance [F(3, 76) = 2.656, p = 0.055, npz = 0.410], and the

novelty score of the story-writing task in the United States was
significantly higher than that in the control group (p = 0.01), and
there was no significant difference between the other groups. In
addition, there was a significant difference in the originality of
the story-writing task under all the culture priming conditions
[F(3, 76) = 3.437, p = 0.021, npz = 0.348]. The originality score of
American culture groups was significantly higher than that of the
control group (p = 0.002).

In terms of the total scores of story-writing task under various
cultural priming conditions, there were significant differences
between the groups [F(3, 76) = 3.208, p = 0.028, npz = 0.333].
The score of the American culture group was significantly higher
than that of the control group (p = 0.003).

Discussion

Base on the experimental results, our study suggested that the
multicultural experience did have a significant promoting effect
on the creativity of the participants, since the performance
in American culture priming group was better than the other
groups on the whole. However, the promoting effect depended
on: (1) whether the participants did get the multicultural
experience. The multicultural experience can be formed only
when the participants have a certain understanding of the
new culture; (2) prototype features contained in multicultural
experience. If the multicultural experience included prototypes
that promoted creative work, the multicultural experience would
promote creativity.

From the study 1, it could be concluded that the significant
difference in the creative task was caused by individuals’
multicultural experience. When the participants experienced new
culture, they might produce culture shock. According to previous
studies mentioned above, we could speculate that this culture
shock experienced by individuals could improve their attention
alertness level and increase the involvement of individuals.
Therefore, we would use the biofeedback technology to verify
the speculation as previous studies which have shown that
individuals’ attention alert changes would be reflected in the
physiological arousal level.

STUDY 2

The participants may have different physiological arousal levels
when watching the slides of different cultural conditions, which
would have influence on the following creative tasks. This
study aimed to explore the relationship between multicultural
experience and physiological arousal level.

Methods
Participants
There were three conditions in the experiment: American
cultural priming conditions, Chinese cultural priming
conditions, American-Chinese fusion culture conditions,

and the design of the study was a between-subjects design
with 16 subjects in each condition. The subjects had not
received biofeedback training in the past, had no surgical
or hospitalization experience in the past 1 year, and had no
neuropsychiatric history. On the day of the experiment, the
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TABLE 1 | The total score and dimension score of the story-writing task under the conditions of cultural priming.

Conditions Novelty Originality AUT score

M SD N M SD N M SD N
American culture 5.20 0.97 20 4.75 1.16 20 9.95 2.01 20
Fusion culture 4.43 1.38 20 3.93 1.48 20 8.35 2.79 20
Chinese culture 4.45 1.36 20 4.03 1.53 20 8.48 2.78 20
Control group 4.12 1.18 17 3.29 1.34 17 7.41 2.48 17

subjects could not do strenuous exercise and could not overeat,
smoke, drink, or take drugs. The subjects kept an empty stomach
for half an hour before the experiment, and the female subjects
were not in the Menstrual Cycle. In accordance with the
Declaration of Helsinki (1991), the experiment was approved by
the Academic Committee of the School of Psychology and the
local ethics committee of the School of Psychology, Southwest
University in China. We had obtained appropriate ethics
committee approval for the research reported, and all subjects
gave written informed consent before our experiment.

Experimental Materials and Equipments

In order to assess the impact of cultural contents on the
participants more objectively, this study adopted the Dutch Spirit
10 biofeedback instrument to collect the physiological indicators
of the participants. Physical data, such as skin conductivity (SC),
skin temperature (TEMP), electroencephalogram (EEG), blood
volume (BVP), electromyography (EMG), and heart rate (HR)
were collected. In this experiment, only EEG, SC, TEMP, and
HR data were collected. During the experiment, each participant
was isolated in a biofeedback laboratory and did not interfere
with each other. The subjects could adjust the seat and earphone
volume according to the comfort level. During the experiment,
the environment was kept quiet.

Creative task: divergent thinking task, in which the subject
was asked to write out the alternative uses of a newspaper for
2min. In study 1, we have proved that experience multicultural
could enhance creativity which measurement was story-writing
task. As there were so many ways to measure of creativity, so in
study 2, we would like to further explore whether we would also
conclude the same result when we used other measuring method
of the creativity.

Prime materials: priming conditions: American culture,
Chinese culture and Chinese-American fusion culture. There are
160 images in the slides and was played with a music background
of the corresponding culture for 20 min. After that were 10 min
music video and 15 min TV video.

Experimental Procedures

First of all, the participants filled in the informed consent
form. The experimenters debugged the biofeedback instrument
and installed the electrode. Then explained the biofeedback
instrument to the participants to reduce the anxiety and
discomfort when use of the instrument. Then, baseline levels
were measured. The participants sat in a relaxed state for 5 min,
and the participants recorded baseline levels of EEG, SC, TEMP,

and HR. The mean of the final 3 min measurement was taken as
the baseline level. After 5 min, the subjects were shown slides. The
physiological indexes of the subjects were recorded when learned
the culture. After that, the subjects completed the divergent
thinking task within 2 min, and biofeedback data were collected
throughout the process.

Spirit 10 biofeedback instrument to collect physiological
indexes of EEG, SC, TEMP, and HR. Firstly, participants were
required to clean the skin, and then placed electrodes, galvanic
skin electrodes were placed in the left hand index finger and
ring finger, electrodes placed on the left hand little finger skin
temperature. EEG is formulated according to the international
society for EEG 10-20 international EEG recording system (Wei
and Luo, 2002). Two channels ExG cables were used to conduct
the lead connection of the electrodes. Positive 1 was placed at F4,
negative 1 at A2, positive 2 at F3, negative 2 at Al, the grounding
electrode was placed at Fz, and the blood volume (heart rate)
electrode was placed at the middle finger of the left hand.

Experimental Results and Analysis
Physiological Results
Although we recorded the whole physiological indexes during
the experiment, we only selected data of a part of each stage
in the analysis, and the last 3 min of each stage were taken for
analysis (Table 2).

The results showed that as for the index of SC, the main effects
of four stages in each conditions were significant [F(,, 45y = 3.557,
p=0.037,m,% = 0.608, F3, 135) = 2.913, p = 0.037, 1,* = 0.362]
and the interaction effect was also significant [F(4 135y = 2.360,
p=10.034, 1p? = 0.403]. In the American group, the SC gradually
increased when viewing slide, while in the Chinese group, the
SC gradually decreased. Furthermore, there was no significant
difference among baseline, photograph and music stages, but in
the video stage, the results showed significant difference [F(y, 45)
= 3.563, p = 0.037, npz = 0.652]. The American group was
significantly higher than the Chinese group (p = 0.029) and the
fusion group (p = 0.022). Under the American culture condition,
the four stages of SC had reached marginal significant difference
[F(3, 45) = 2.556, P = 0.067, npz = 0.601]. The photograph stage
was significantly higher than the video stage (p = 0.026). Under
the fusion condition, there is no significant difference between
the four stages. Under the Chinese culture condition, the four
stages also reach marginal significance [F(3 45y = 2.486, p =
0.073, np? = 0.577]. Furthermore, music stage and baseline stage
reached marginal significance (p = 0.078).
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TABLE 2 | In the three experimental conditions, participants watched music video and TV video in the baseline stage.

Indicators Stages American group Fusion group Chinese group
M SD N M SD N M SD N
SC Baseline 0.65 0.06 16 0.62 0.03 16 0.65 0.08 16
Photograph 0.62 0.05 16 0.61 0.02 16 0.62 0.04 16
Music 0.66 0.10 16 0.62 0.02 16 0.62 0.04 16
Video 0.73 0.22 16 0.62 0.02 16 0.63 0.04 16
After task 0.74 0.21 16 0.63 0.03 16 0.63 0.04 16
TEMP Baseline 23.05 0.48 16 23.29 0.13 16 23.23 0.18 16
Photograph 23.20 0.23 16 23.28 0.14 16 23.23 0.18 16
Music 23.18 0.23 16 238.27 0.15 16 23.22 017 16
Video 23.19 0.24 16 23.26 0.16 16 23.21 0.17 16
After task 23.04 0.38 16 23.21 0.35 16 23.05 0.34 16
Lefto Baseline 36.29 12.90 16 25.94 9.41 16 35.79 14.97 16
Photograph 35.21 13.33 16 32.80 18.40 16 35.62 13.24 16
Music 30.35 12.50 16 23.94 9.88 16 36.34 30.08 16
Video 40.36 38.68 16 31.77 16.02 16 37.35 15.94 16
After task 39.37 16.73 16 38.29 17.92 16 40.05 12.69 16
Lefta Baseline 16.82 5.84 16 13.26 3.13 16 15.21 4.05 16
Photograph 13.24 3.36 16 14.01 10.83 16 12.45 2.83 16
Music 11.99 3.12 16 10.16 2.24 16 13.47 10.22 16
Video 21.21 16.87 16 13.33 8.00 16 14.46 9.48 16
After task 16.46 6.72 16 17.89 12.66 16 15.90 4.34 16
Left SMR Baseline 7.74 1.67 16 8.41 3.27 16 7.18 1.91 16
Photograph 8.29 2.28 16 9.96 11.83 16 7.05 1.51 16
Music 7.50 1.84 16 6.62 1.69 16 8.24 7.36 16
Video 11.02 4.83 16 7.94 2.36 16 8.58 2.50 16
After task 13.52 9.45 16 10.32 4.08 16 9.51 2.55 16
Left B Baseline 7.34 1.96 16 7.93 3.32 16 6.44 1.41 16
Photograph 7.93 2.63 16 8.54 8.28 16 6.28 1.65 16
Music 7.00 1.83 16 6.30 2.04 16 6.84 4.36 16
Video 10.12 4.36 16 6.96 2.32 16 7.54 2.25 16
After task 10.61 5.34 16 9.18 3.42 16 8.18 2.14 16
Lefty Baseline 12.20 5.06 16 13.34 10.70 16 13.77 8.59 16
Photograph 14.28 7.45 16 15.46 11.47 16 13.59 7.69 16
Music 16.44 8.14 16 11.39 4.72 16 12.70 5.97 16
Video 20.12 30.08 16 14.45 7.86 16 14.66 10.22 16
After task 17.02 9.10 16 14.18 5.87 16 13.25 6.01 16
Right 6 Baseline 36.82 156.14 16 27.28 9.83 16 42.91 35.42 16
Photograph 37.59 15.74 16 31.68 13.34 16 36.83 15.37 16
Music 32.99 16.76 16 32.88 23.54 16 31.11 12.09 16
Video 36.92 12.71 16 30.37 12.45 16 31.84 12.26 16
After task 39.91 13.99 16 33.44 10.19 16 41.20 12.54 16
Right o Baseline 12.40 3.52 16 16.10 18.14 16 11.95 3.28 16
Photograph 12.25 3.23 16 11.73 2.14 16 13.26 3.29 16
Music 14.59 7.19 16 12.81 3.72 16 13.49 3.81 16
Video 21.87 3.05 16 13.32 3.22 16 15.58 4.31 16
After task 16.41 4.79 16 14.04 412 16 16.30 4.21 16
Right SMR Baseline 156.34 2.63 16 7.75 2.96 16 8.72 2.47 16
Photograph 9.46 6.33 16 7.95 2.95 16 7.75 3.21 16
Music 7.94 2.67 16 11.26 1.57 16 6.81 1.60 16
Video 7.54 1.73 16 7.29 1.05 16 7.94 3.12 16
(Continued)
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TABLE 2 | Continued

Indicators Stages American group Fusion group Chinese group
M SD N M SD N M SD N
After task 16.30 4.21 16 8.77 4.09 16 9.62 3.70 16
Right B Baseline 7.19 2.19 16 11.57 1.88 16 6.02 1.70 16
Photograph 8.91 6.32 16 7.24 2.62 16 6.78 2.58 16
Music 10.75 11.05 16 11.67 16.01 16 77 2.48 16
Video 14.74 2.64 16 7.08 2.91 16 7.53 2.25 16
After task 8.95 2.05 16 7.87 3.61 16 8.13 2.92 16
Right y Baseline 17.46 1.69 16 12.60 7.81 16 19.70 2.33 16
Photograph 18.92 1.92 16 16.56 1.08 16 18.02 1.18 16
Music 18.32 1.97 16 18.28 1.65 16 15.84 1.53 16
Video 19.46 1.99 16 14.75 7.19 16 15.61 8.62 16
After task 14.44 4.09 16 12.60 6.26 16 16.54 15.10 16
HR Baseline 81.57 24.25 16 82.34 32.53 16 81.95 26.26 16
Photograph 76.69 25.08 16 66.97 20.51 16 77.03 21.79 16
Music 85.13 21.85 16 68.75 22.11 16 78.10 17.07 16
Video 84.03 19.61 16 70.14 25.21 16 73.57 20.19 16
After task 84.74 27.98 16 83.71 29.43 16 90.45 29.74 16

In these four stages, the mean and standard deviation of the heart rate of each indicator of the ecg temperature, left alpha, left SMR, right alpha, right alpha, right SMR, right beta, right

gamma, were shown in Table 2.

For each stage of the physiological indexes of three kinds
of experimental conditions with one-way ANOVA, the results
showed that when considered the left SMR index, At the baseline,
photograph and music stages, there was no significant difference
between the experimental conditions, but at the video stage,
there was significant difference between the three conditions
[F2, 45 = 3.594, p = 0.036, ,> = 0.656]. The American group is
significantly higher than the Chinese group (p = 0.05) and fusion
group (p = 0.015). Similarly, as for the left  index, there was
no significant difference between the experimental conditions in
the baseline, photograph and music stages, but at the video stage,
there was significant difference between the three conditions
[F(2, 45 = 4.590. p = 0.015, npz = 0.775]. The American group
is significantly higher than the Chinese group (p = 0.025) and
fusion group (p = 0.007).

Results of Creative Tasks and Physiological Indexes
at the Task Stage
We analyzed the results of divergent thinking task, and the
results are as follows: divergent thinking task is scored from three
aspects, including fluency, flexibility and novelty. The index of
fluency referred to the number of newspaper uses. The index of
flexibility is the category of newspaper use. The score of novelty
is to calculate the frequency of occurrence of each item. If it is
>10%, 0 points will be recorded; if it is between 5 and 10%, 1
point will be recorded; if it is <5%, 2 points will be calculated
(Hu and Adey, 2002). By analyzing the data of the creative test,
we found that there is no significant difference in the scores of
divergent thinking tasks under the three cultural conditions.

We also recorded biofeedback data as the participants
completed their creative tests (Table 2).

The analysis showed that there was significant difference in
the SC index in the creative task stage under various cultural
conditions [F(y 45y = 4.239, p = 0.021, n,* = 0.608], the
American group was significantly higher than the Chinese group
(p = 0.016) and the fusion group (p = 0.015), and there was no
difference in other indexes under various cultural conditions.

Discussion

Electrodermal is the excess or resistance of electrical current
between two points in the skin, which measures the activity of
the sweat glands and reflects changes in the human physiological
state. When individuals mood is nervous or anxious and
wakeful, skin surface sweat, skin conductivity and skin electricity
would increase. In a relaxed state, people’s mood is calm, sweat
gland secretion, skin conductivity, and skin electricity would
decrease (Zheng, 2003).

EEG is a kind of rhythmic nerve activity, which could also
reflect the physiological arousal state of people. When the
brain is highly awakened, the frequency is high. Otherwise, the
frequency is low. B waves, frequency range for a 12-36Hz,
appeared when experience mental tension and emotional or
stimulated. B waves can be divided into three bands: low Beta
waves (12-15Hz), namely the SMR, middle Beta waves (15—
18 Hz), and high Beta waves (12-36 Hz). SMR is related with
behaviors, such as analysis judgment, problem solving thinking
and listening, middle Beta waves associated with intelligence and
mental activity, and high Beta waves is concerned with alert and
excited state (Zheng, 2003).

According to the results, the American group was significantly
higher in the SC, left SMR and left § than the Chinese group
and the fusion group when watching the video. The results
showed that the physiological arousal level in American group
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was relatively high. In addition, the cultural priming conditions
in the United States indeed improved the physiological arousal
level of the subjects. Finally, arousal level had a significant
association with attention. Arousal played an important role
in maintaining and changing the excitability of the cerebral
cortex and maintaining the state of arousal. It also helped
maintaining attention and focusing on consciousness (Xuemin
and Xinbao, 2005). This may contribute to the next creative task.
In addition, in the video stage, the left-side SMR of the American
group was significantly higher than that of the other groups,
indicating that the participants showed more analytical problems,
thinking, listening and other behaviors when watching video, and
their brain activity level was higher. According to Leung and
Chiu (2010), researchers believed that multicultural experience
promoted creativity because the exposure to multicultural
culture expanded individuals’ concepts, which enhanced the
creative performance of participants. However, the current study
considered that conceptual extension was not the only reason
why multicultural experience influenced creativity. Confronted
with new culture, individuals might be involved in attention
switch and the increase of alertness level, which could help
individuals to be more engaged in the following creative task and
thus improve their creative performance. Previous studies have
shown that the improvement of attention alertness level would
be accompanied by a series of changes in physiological arousal
level. The results of study 2 in this study also confirmed this
point and indicated that multicultural experience could increase
the individual’s attention alertness, which has been reflected in
the change of physiological arousal level. Furthermore, previous
studies have proved that the increasing of physiological arousal
was related to the promotion of creative performance. That
was to say, the hypothesis, which suggested that multicultural
experience promoted creativity was not only due to the expansion
of individual concept, but also the improvement of individual
attention alertness level has been indirectly confirmed in study 2.
Unfortunately, this study did not produce direct evidence as there
was no significant difference in the creative tasks under the three
conditions in study 2. We speculated that this was due to a change
in creative tasks. In study 1, we used the story-writing task and
asked the participants to make up stories for Turkish children.
Considering that it was to make up a story for foreign children,
in order to make the children understand their stories better,
the participants would consider more about cultural differences,
so that the promotion of multicultural experience on creative
tasks might be more obvious. And the AUT in study 2, although
it was a task widely used in the field of creative research, but
the task only focus on object uses itself. Essentially, AUT task
was a general field of creative task, which was less sensitive to
the multicultural experience. Therefore, its promoting effect was
weaker, leading to there was no significant difference in creativity
performance among three priming conditions. In future studies,
we still need to adopt creative tasks which are more related to
cultural factors to continue exploring about it. On top of this, it
may also be influenced by environmental factors. During the task,
the subjects also collected physiological data. As it was a paper-
and-pencil test, the electrodes glued on the subjects might have
some influence on the writing of the participants, thus affecting

the results of the creativity test. In future studies, we should
improve on this defect.

GENERAL DISCUSSION

Reasons Why Multicultural Experiences

Influence Creativity

In this study, Chinese college students’ creative performance was
higher after viewing the slides of American cultural elements than
after viewing the slides of Chinese cultural elements and the slides
without viewing any cultural elements. It may be that exposure to
different cultures gives individuals the ability to perceive more of
their inner functions through the surface of things. In addition,
this experience may expand the perception scope of participants,
activate the upper concept in a semantic network, and expand
the concept classification category and concept prototype, so
that the individual is easy to break through the mind-set
and functional fixation (Yang, 2014). Multicultural experience
also exist in problem-solving situations, enabling individuals to
extract information automatically from different cultures, and
integrate it in novel ways to expanding the conceptual categories
in the brain by adopting seemingly unrelated concepts (Ward
et al.,, 1997). For example, when participants were activated to
experience multi-racial culture in the context of environmental
demands, they could quickly transform among multiple races
to improve cognitive flexibility (Gaither S. E. et al., 2015), thus
promoting the expansion of creative ideas.

However, the creative task (story-writing task and AUT)
adopted in this study was only limited to the verbal divergent
thinking task related to semantic concepts, and the performance
of the creative task under the American culture priming
condition was better than other conditions. This was not
completely consistent with the findings of Leung and Chiu.
We believed that this result first illustrated the promoting
effect of multicultural experience on the creativity of Chinese
college students. Chinese college students have grown up under
the influence of Chinese culture, and their way of thinking
and behavior have been deeply branded with Chinese culture.
Exposing to American cultural elements different from Chinese
culture would prompt them to compare the differences between
the two cultures. Compared with Chinese culture, American
culture is more attractive and novel for Chinese college students,
because American culture is easy to be associated with open
and free innovation. Therefore, the value advocated by American
culture is more in line with the characteristics of keeping pace
with the times of college students, so. Chinese college students
are more interested in American culture and have more contact
with it, and their comparison of cultural differences will be more
profound. For example, when see a picture of a hamburger, they
know that it is fast food in the United States, and also have tasted
the taste of it, so, when compare it with the Chinese food, they
would not only take it from the color shape and taste, but also
can from the ways of production and material. Therefore, they
are more likely to get new ideas, extension of the concept of
food, such as prototype, they would perform better in divergent
thinking task.
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However, the American college students in Leung and Chiu’s
study were not familiar with Chinese culture. Therefore, under
the condition of single Chinese culture initiation, they were
probably unable to understand Chinese culture with the help
of their American cultural knowledge because they actually did
not know Chinese cultural elements so that it is impossible to
expand the concept and form corresponding concept prototype
of something. However, for Chinese college students, why did
they perform better in the verbal creative task only under the
American culture conditions and there was no difference between
fusion condition and Chinese culture condition? We believed
that Chinese college students are more familiar with American
culture than American students are with Chinese culture, and
American culture is more novel and attractive to Chinese
students than Chinese culture to American students. Mendelsohn
(1976) emphasized the importance of attention process in
creative performance and thus influences the following creative
tasks. He believed that the difference in individual concentration
level is the main reason for the difference in creativity level.
Studies by Dewing and Battye (1971); Dykes and Mcghie (1976)
and Kasof (1997) showed that individuals with low creativity
level had narrower attention than those with high creativity
level. So the Chinese students under American culture priming
condition would actively analysis the differences between these
two cultures due to attention resources were attracted to novel
and relatively familiar elements of American culture, so that
the concept or concept of something is expanded to form a
concept prototype that helps to inspire the next verbal creative
task to be completed. However, the Chinese college students
under the fusion condition contacted between the two kinds
of cultural elements alternatively, so they needed to continue
switching between the two kinds of culture. On the one hand,
it may extend the participants’ concepts of something, and on the
other hand, it may also limit the scope of participants’ idea or
concept extension. Therefore, the performance of verbal creative
task is limited. In addition, this study participants were college
students under the background of Chinese culture, cultural
experience is still the dominant Chinese culture, and the Chinese
culture elements under the fusion condition may be a ceiling
effect. Besides, the priming effect of American cultural elements
is less than half that of American cultural groups in terms
of time and quantity. Therefore, the diversity of participants’
multicultural experience under American cultural conditions
may be superior to that of fusion cultural groups so the
performance of the creative task is better than that of the fusion
culture group.

Multicultural Experiences Affect the

Physiological Basis of Creativity

In study 2, the participants’ galvanic skin gradually rise under
the American culture conditions. This may be caused by
exposure to new cultural shocks, indicating that the American
cultural priming group caused higher physiological arousal
of the subjects, and the activation level of the subjects was
relatively high, which may have some influence on the following
creative tasks. High activation levels can increase the degree

of individual attention. In addition, as for the indexes of left
SMR and left B in American culture group is higher than
other groups. It suggested that the brain activity levels in the
left hemisphere were also higher when the subjects viewed
a slide of American culture. Some psychologists have shown
that the left hemisphere of the brain is involved in continuous
processing of analytical language, while the right hemisphere is
involved in the overall processing of visual images. Therefore,
it is possible that when the subjects watched the American
culture slide, they compared and processed the American culture
elements and the Chinese culture elements, which expanded
the concept of words and words, thus enhancing the activity of
the brain.

Finally, there was no difference between the cultural priming
groups in the divergent thinking task, which might be caused
by the influence of external environmental factors. When the
subject was conducting the experiment, the electrode plate was
glued on the left hand, which was a certain obstacle to the
completion of paper and pencil test, and thus had an impact on
the experimental results.

Deficiencies and Prospects of the

Research

In current study we only used photograph, music and video,
if we can also provide some information about people how to
solve the similar problems in different cultural environment
of the material, the multicultural experience obtained at this
moment, may not only promote the semantically related creative
tasks, such as divergent thinking task, but also help the creative
problems like graphical insight problem solving. Of course,
it remains to be validated in further research. In addition,
the multicultural experience priming conditions used American
culture. However, With the increasing economic and cultural
exchanges between China and the United States, especially in
education of China, American culture is no totally strange
for Chinese college students. It remains to be seen whether
similar results could emerge if the experimental conditions
were changed to a completely unfamiliar culture, or change the
participants with less knowledge of American culture. Besides,
in the second experiment, creative tasks under the different
conditions has no significant difference. It may be because
during the paper-pencil tests, the electrodes were glued on the
hands of the participants, which had a certain hindering effect
on the completion of the task, which should be improved in
future experiments.

CONCLUSION

The multicultural experiences have a significant promoting effect
on the creativity of the subject, but such promoting effect depends
on:(1) whether the subject really obtains the multicultural
experience; only when the subject has a certain understanding of
the new culture can the multicultural experience be formed; (2)
the participants acquired the prototype characteristics contained
in the multicultural experience. If the multicultural experience
included the prototype that had a promoting effect on the
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creative work, the multicultural experience had a promoting
effect on the creativity. In addition, the activation of American
culture will increase the physiological arousal level of the
individual, increase brain activity, and improve the attention
level of the participants, thus contributing to the following
creative tasks.
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The nature of creative thinking is complex and multifaceted, often involving cognitive
processes and dispositions modulated by implicit cultural belief systems and ways of
thinking. In this article, we build on existing research on the relations of creative thinking
and culture, and explore how specific cultural resources can be harnessed to foster
creative problem-solving in education. We first review the recent changes in our
understanding of creative thinking, from an exclusive focus on cognitive processes to a
more inclusive view of creative problem-solving as socially negotiated and culturally
modulated, carrying important cultural functions. We then introduce a pedagogical model,
QEOGSA, to illustrate how cultural resources, particularly culture-specific ways of thinking
about the world, can be harnessed to foster creative thinking in education, and what
developmental and pedagogical considerations are involved to make it effective. We finally
conclude this article by indicating the value of this line of work that integrates psychological,
cultural, developmental, and educational principles in fostering the development of a
creative mind-set with relevant knowledge, skills, dispositions, and values.

Keywords: problem-solving, indigenous epistemologies, developmental constraints, creative mind-set,
pedagogical design

FOSTERING CREATIVE THINKING: COGNITIVE
CONSIDERATIONS

Creativity is often defined in terms of a psychological process leading to novel and useful
ideas and products (Plucker et al., 2004). While distinct cognitive processes and mechanisms
are identified (Finke et al., 1992), they are always associated with affective and
conative forces that provide the necessary impetus, that is, energy, purpose, and direction
for such endeavor (Dai and Sternberg, 2004). In addition, as long as this process involves
multiple individuals interacting with one another in such an undertaking, the process is
socially engendered and culturally facilitated (Sawyer, 2012). Thus, connecting
cognition, creativity, and culture entails the recognition that the creative process is complex
and multifaceted.

There has been a bulk of research on creative thinking and creative problem-solving (see
Mumford and Gustafson, 1988; Plucker et al., 2004 for reviews). It is difficult to exhaust
all possible processes and mechanisms that help define and solve problems in a creative
way. There are two prominent issues, however, regarding creative thinking and
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problem-solving. One is how to overcome rigidity in thought
and exercise cognitive flexibility, particularly when a problem
is ill-defined; that is, the nature of the problem as well as
the solution paths is not clear (Spiro et al., 1991). In real
life, individuals can be easily the victims of mental sets and
entrenched views that create tunnel vision and dogmatism
(Ambrose et al., 2013). Besides self-serving biases and interests,
there are important cognitive sources of rigidity in thinking.
We tend to think about issues in terms of conflicts and
contradictions, for example, pitting economic development
against environmental protection, as if one is also gained at
the cost of the other. Cast such thinking in game theory,
all games are zero-sum games: if the other side wins, you lose.
This is a cognitive trap easy to fall into, even for scientists
and scholars; if a claim is true, then an alternative claim is
always false (e.g., the perennial nature-nature debate in
psychology; see Dai, 2012). In either case, breaking mental
sets (Luchins and Luchins, 1970) is essential for finding out
better alternative possibilities and solutions, rather than rigidly
adhering to a fixed problem representation and solution path
(Dai and Cheng, 2017). For example, to overcome conceptual
entrapment, we can alternatively view environmental
protection as a win-win opportunity for job creation and
reindustrialization; or on the nature-nurture issue, we can
see nurture sometimes transcends nature, and other times
reveals nature, or view both as making up one inseparable
functional and developmental system (e.g., Gottlieb, 1998).

In addition to initial problem framing, a subsequent issue
is how to seek better solutions by carefully constructing a
problem representation that identifies and satisfies relevant
goal-related constraints in reaching a solution. Researchers have
reached a consensus that creativity involves both divergent
and convergent thinking (Treffinger, 1995; Cropley, 2006; Runco,
2010), and that creativity is not just free ideation or association
but entailing knowledge of a problem and exercise of strategic
thinking about tackling a problem (Mumford and McIntosh,
2017). For that matter, while holding multiple, sometimes
competing, perspectives is important, a crucial step moving
problem-solving forward is to critically analyze these options
and negotiate a viable solution through gathering and
integrating information.

In sum, envisioning multiple possibilities while holding
a critical perspective is the key to creativity (Baron, 2000;
Langer, 2012); we define this way of approaching specific
real-world problems as a creative mind-set, a concept we will
elaborate on in later sections. While novelty of a solution
comes from cognitive flexibility that generates alternative
perspectives and possibilities, usefulness and appropriateness
come from careful evaluation of alternatives that help select
more viable and optimal ones. Because creative problem-
solving in the real world is often knowledge-rich rather than
knowledge-lean (Finke et al., 1992; Ericsson et al., 2006),
transfer of learning and problem-solving across situations
through analogical mapping or rule-based reasoning becomes
a relevant issue as to how one learns to be creative. As
we shall demonstrate later with QEOSA, a pedagogical model,
fostering creative problem-solving through education can

be firmly based on such scientific understanding of underlying
social-cognitive processes.

FOSTERING CREATIVE THINKING:
CULTURAL CONSIDERATIONS

There are many ways of defining culture. For the purpose of
this article, we view culture as conventions and norms that
regulate thought and action among members of a particular
group. In an important way, it is an “invisible hand” behind
people’s attitudes, thoughts, mind-sets, and behaviors (Triandis,
1990). For example, norms in individualistic cultures encourage
self-expression, and norms in collectivist cultures expect
conformity and self-control. There is evidence that individuals
in loose cultures are more likely to succeed in creative tasks
than individuals in tight cultures (Chua et al, 2015), and
tight cultures are less receptive to novel ideas deviating from
accepted ways of life or thinking (Shane, 1992; Jones and
Davis, 2000; Niu and Sternberg, 2001). Furthermore,
individualistic cultures value originality, an essential component
of creativity (Torrance, 1972), compared with collectivist cultures
(Bechtoldt et al., 2010).

Arguments have been advanced, however, against such
broad-brushed generalization. In a more nuanced manner,
Arieli and Sagiv (2018) showed through a series of experiments
that congruence between cultural mind-sets and problem
types matters in effective problem-solving. Kharkhurin (2014)
suggested that Western ideology highlighting individualism
and Eastern ideology stressing the collective or common
good may yield qualitatively different views of what constitute
creative solutions (see also Niu and Sternberg, 2002). Shi
(2008) challenged the view that traditional Chinese culture,
a collectivist culture, hinders creativity. He identified essential
characteristics, such unity of the person and the universe
(RANA—), the value of harmony and “middle way” (3%
1), and moral reflection (1Mt %), among others, as
important for a creative personality. His view of creativity
has a distinct ethical and moral overtone, similar to
Kharkhurin’s conception of creativity as involving utility values
specific to particular cultures. In the same vein, Hennessey
(2017) advocated a systems view of creativity with a distinct
cultural dimension: creative problem-solving serves a cultural
agenda of solving real-world problems of cultural importance.
Viewed this way, an emphasis on the person and the universe
as forming a unity (in Chinese culture) rather than an
antagonistic relationship seems to be more productive in
terms of being harmonious with nature for an agricultural
economy. There are distinctive culture-specific epistemic beliefs
or indigenous epistemologies (Dai, 2015) in terms of what
constitute reliable and viable ways or strategies to comprehend
the realities and solve real-world problems. These belief systems
can either operate in an implicit manner, embedded or
encrypted in a culture’s natural language and social practices
(Masuda and Nisbett, 2006; Paletz and Peng, 2009), or
be articulated by intellectual leaders as mottos or scripted
teachings spread out throughout a culture.
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Are these norms, conventions, and belief systems necessarily
more or less creative in serving their respective cultures?
We differ from some researchers who set out to determine
whether specific epistemic beliefs in a culture (e.g., dialectic
thinking) can or cannot facilitate creative thinking (e.g., Paletz
et al., 2018). We believe that epistemic beliefs serve as heuristics
rather than algorithms in problem-solving situations. To fashion
our strategies for promoting creativity, we asked what part of
Chinese culture helps people break their rigid, dichotomous
(i.e., either-or thinking) mind-set when dealing with practical
dilemmas or conceptual conflicts, and what kind of epistemic
beliefs in Chinese culture facilitates cognitive flexibility and
creative ideation. In other words, there are a set of norms,
conventions, belief systems that can be made explicit and
“harnessed” as cultural resources to foster creative thinking.
As a result, we found rich connections between what the
psychology literature we reviewed earlier helps us conclude,
and what was conveyed from two most influential schools of
thought in Chinese history: Confucianism and Taoism.

The Confucian golden mean (FJf), or the value of harmony
and “middle way” mentioned earlier, is an ethical rule that
helps balance competing social concerns and maximize gains
for all concerned parties with competing priorities (i.e., for the
common good). In contrast to the tendency in Western cultures
for stressing and polarizing differences and conflicts, the principle
of golden mean seeks harmony and unity. It is based on the
conviction that, rather than destined to be a zero-sum game,
optimal solutions can be found for complex social problems
with competing and conflicting priorities and claims. In effect,
it is similar in spirit to Sternberg’s (1999) balance theory of
wisdom. The influence of the principle of harmony is even
embodied in the ying-yang logo showing the seamless
complementarity and perfect harmony of the apparent opposites.
Indeed, the logo itself evidences originality and creativity. Pervasive
cross-cultural differences in ways of thinking can be found in
research. For instance, Peng and Nisbett (1999) compared college
students from China and United States and found that American
students tend to engage in adversarial dispute resulting in
polarized viewpoints, whereas Chinese students are more likely
to consider both sides of competing or contradictory arguments
as valid to some extent and thus have a tendency to seek the
“middle road” (see also Masuda et al., 2018; see Nisbett, 2003
for a general review).

In comparison to Confucians concerned mainly with ethics,
Taoists (e.g., Lao Zhi and Zhuang Zhi) took a more
epistemological approach; they tried to make people aware
of language entrapment and entrenched conceptual schemas
that prevent them from thinking freely and adaptively in
an ever-changing world. They maintained that breaking
language and conceptual barriers is the only way to achieve
free thinking, hence creativity (see Feng, 1988). Taoism
inherited the essence of the Book of Change in that it views
the world as constantly changing, a kind of dynamism based
on ying-yang dialectics that defies static description (see Dai,
2015). Again, this idea finds support from the contemporary
psychology literature showing the impediments of entrenched
perspectives or mind-sets on creative problem-solving

(Frensch and Sternberg, 1989; Kameda and Sugimori, 1993;
Ohlsson, 2011; Brockner and Rubin, 2012).

A crucial question from a practical point of view is that,
if the Chinese conventions and norms in thought and action
are implicitly functional in people’s everyday life, is it possible
to articulate and harness them to foster creative thinking and
problem-solving in education, especially in formative years of
human development? After all, if creativity is truly “an important
vehicle for cultures to advance their purpose” (Hennessey, 2017,
p. 343), the process of enculturation should involve cultivation
of such potential. This is precisely what we are trying to
accomplish with QEOSA, to articulate and formalize an implicit
aspect of culture for an educational intervention aiming to
develop a creative mind-set capable of envisioning multiple
possibilities while holding a critical perspective (Langer, 2012).
Our work was inspired by Confucianism in the sense that
creative solutions to complex real-world problems entail a
balancing act for the common good. It was inspired by Taoism
in the sense that, to achieve an optimal solution, one has to
break loose the language and conceptual entrapment, particularly
the either-or dichotomous mental set. In this way, the Chinese
cultural ideas we introduce here, generated more than 2000 years
ago, serve as heuristics or norms to guide thinking and problem-
solving. To fully implement this agenda, there are developmental
and pedagogical considerations, to which we now turn.

FOSTERING CREATIVE THINKING:
DEVELOPMENTAL AND PEDAGOGICAL
CONSIDERATIONS

Masuda et al. (2018) explored the developmental ramifications
of enculturation in terms of cultural ways of thinking. It is
clear that cross-cultural differences in cognitive processes
mediated by cultural influences must have a developmental
underpinning; that is, they have to do with the use of specific
symbolic systems (e.g., language) as well as patterns of social
interaction over time in formative years in shaping the way
individuals feel and think, namely, enculturation (Peng and
Nisbett, 1999). A question can be raised as to whether we can
deliberately cultivate a creative mind-set in formative years,
and what are psychological mechanisms that mediate
developmental changes involved. Indeed, to postulate that young
children can formulate creative solutions to complex and
ill-defined problems almost violates the developmental canon
that thinking and reasoning become more sophisticated only
when one reaches adulthood (see Grossmann, 2018 for a review
of Reigel’s and Perry’s theories). This is why it is more common
to see well-defined problems featured in early childhood
education; it was not until recently that the issue of designing
a learning environment featuring ill-defined problems and
projects was brought to public attention (e.g., Resnick, 2017).

Decades ago, Torrance (1972) analyzed and summarized
133 studies that were designed to examine whether children
can be taught to think more creatively. His review indicated
that it is possible to teach children to think more creatively.
In addition, several case studies demonstrated that creativity

Frontiers in Psychology | www.frontiersin.org

April 2019 | Volume 10 | Article 833


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Daiet al.

Harness Culture to Foster Creativity

can be cultivated in formative years. Although under the
influence of developmental theory (e.g., Piaget, 1950/2001),
people tend to see young children as incapable of hypothetical
thinking, Craft et al. (2007) showed that creative learning of
children aged 3-7 can be enhanced by what she called possibility
thinking, a process by which children are prompted to switch
modes of thinking from “what is” to “what might be” (Craft,
2002). Although analogical transfer of problem-solving is
considered difficult even for college students, Brown and her
colleagues (e.g., Crisafi and Brown, 1986) showed when structured
properly (e.g., ensuring that children noticed structural
similarities between two problems), children as young as
2-3 years old are capable of applying a reasoning rule and
making analogical transfer in problem situations, which is a
basic mechanism for far transfer and creative problem-solving
(Mayer, 1992; Lohman, 1993). Ansburg and Dominowski (2000)
found that children having creativity training solved 14-24%
more problems than a control group. Together, they suggest
that creative thinking in formative years can be enhanced by
carefully designed activities.

Developmental considerations go beyond just age-
appropriateness of specific knowledge, skills, and dispositions
we expect children to master in order to exercise creative
thinking; they also draw our attention to the nature of creativity
from a developmental point of view. Many scholars (e.g.,
Mumford and Gustafson, 1988; Sternberg and Lubart, 1991;
Amabile, 2001; Perkins and Tishman, 2001) argue that intelligence
or creativity is not a unitary ability or skill to be developed,
but reflects a combination of knowledge, skills, values, and
personal dispositions, coupled with an environment conducive
to acts of intelligence and creativity. Viewed this way,
enculturation of a creative mind-set capable of envisioning
multiple possibilities while holding a critical or evaluative stance
(Langer, 2012) is a long-term developmental proposition that
involves the growth of the whole mind, not merely skill sets.
According to Vygotsky’s (1978) social-cultural theory, such
individual development involves an internalization process
involving prolonged co-construction of cognitive apparatus with
more competent peers or adults (see Moran and John-Steiner,
2003). An important pedagogical implication is that, although
a “skill training” approach to enhancing creativity can be useful,
in formative years of individual development, a growth-oriented
approach to nurturing a creative mind-set through enculturation
is more viable and effective.

Consistent with the view enhancing creativity through
enculturation, Torrance (1972) argued that the most successful
method of teaching children to think creatively is to consider
their cognitive and emotional functioning, give them sufficient
structure and motivation, and provide opportunities to engage,
practice, and interact with teachers and other children. These
instructional strategies form the core of a pedagogy for fostering
children’s creative thinking. For example, at the beginning,
teachers need to evoke children’s knowledge and emotional
experiences with a presenting problem, and then motivate children
to think creatively and scaffold the creative ideation and action
through social interaction such as brainstorming. More recently,
metacognitive monitoring of creative work is also emphasized

as part of this pedagogy (e.g., Scardamalia and Bereiter, 2006).
All these features are incorporated into QEOSA.

More specific to learning to be creative problem solvers is
the issue of transfer: how to develop a unique set of knowledge,
skills, dispositions, and values, a mind-set that is responsive
to a range of problem situations calling upon creative solutions,
and capable of generating novel and useful solutions. This was
the impetus that drove the development of a pedagogical model,
QEOSA (Figure 1; Cheng, 2012).

QEOSA AS A PEDAGOGICAL MODEL
OF FOSTERING CREATIVITY IN
FORMATIVE YEARS

QEOSA, standing for Question, Explore, Optimize, Show, and
Act, is a pedagogical model developed in the context of preschool
education, aiming to nurture creativity in formative years with
children of age 3-6 years (Cheng, 2012). Historically, QEOSA
was developed as an alternative to teaching divergent thinking.
Divergent thinking focuses on ideational fluency and functional
flexibility, elaboration, and originality whereas QEOSA
emphasizes finding optimal solutions to real-life dilemmas. A
focus on optimal problem-solving represents a distinct quality-
over-quantity strategy compared to the divergent thinking
paradigm of creativity, which originated with Guilford’s (1950)
conception of creativity, and the evolution model of creativity:
blind variations followed by selective retention (Campbell, 1960;
see also Simonton, 2003).

In keeping with the current practice of using authentic
occasions for fostering and assessing creativity (Treffinger, 1995;
Mumford and McIntosh, 2017), QEOSA uses practical problems
accessible to preschool children as the main tool for enhancing
and assessing creativity rather than more contrived traditional
divergent thinking tasks.

While inspired by the Chinese cultural tradition embodied
in Confucianism and Taoism in terms of seeking win-win
solutions to social and practical problems and conflicts, and
overcoming the conceptual entrapment of either-or dichotomous
thinking, QEOSA integrates cognitive, developmental, and
pedagogical considerations in informing a viable creativity
pedagogy for young children. This way, cultural resources
capitalized in QEOSA include but are not limited to culturally
inspired ethical rule or epistemic stance; they include other
norms (e.g., agency, collaboration, and responsibility) and
conventions (e.g., children-initiated questioning, peer critiquing
of new ideas) for promoting creative thinking. First, QEOSA
structures learning experiences into five phases, with each phase
having a distinct set of goals and activities; together, they
constitute a steady progression toward a creative solution to
some real-world problems. Second, QEOSA is a group-based
pedagogy; peer interaction and collaboration as well as teacher-
learner (in classroom) and parent—child interaction (at home)
are the norm for scaffolding and synergistic play. Questions
Pool, Products Collection, and Ideas Tank are built as public
records of problem-solving for later productive use in a collective
manner. Organized this way, QEOSA stresses the social
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FIGURE 1 | QEOSA: A pedagogy model specifying five phases and seven processes.

(vs. solo) and co-constructed nature of creative problem-solving,
which serves the important function of scaffolding optimal
problem-solving. Third, to make all steps of problem-solving
accessible and visible to young children, all learning activities
involve pictures, tangible tools, and manipulatives. In the
following section, we delineate each of the five phases of
QEOSA in detail, illustrated by a case “Grandpa’s Misgivings”
used in instruction.

The Questioning Phase

The first phase of QEOSA is to generate a pool of questions
raised by young children. For example, the case we introduce
here, Grandpa’s Misgivings, was initiated by a question asked
by one girl, Diandian: “My grandpa always forgot to take
medication. What should I do?” This question brought forward
a dilemma: her grandpa was troubled with forgetting (he is
taking multiple medications with different schedules) but did
not want to rely on her parents who had to constantly remind
him of taking pills on time. Other children bring their own
problems, questions, and observations to share. The teacher
organizes a variety of opinions voiced by children and helps
them clarify the problems in questions. Then the Questions
Pool is created for later use.

The Exploration Phase

In this phase, children are asked to brainstorm ideas about
the nature of a problem at hand as well as possible solutions.
The exploration of various life dilemmas helps build the
Experiential Bridge in terms of foregrounding children’s
experience and factual knowledge (e.g., in the case of Grandpa’s
Misgivings: illness, treatment, medicine, troubles with taking
it on time, the help is not without costs). The next step is
to guide children to think about advantages and disadvantages
of each solution (e.g., Grandpa is prompted to take medication
timely and correctly but the lives of mom and dad are disturbed,
and vice versa). Two cards are presented to children when
children brainstorm ideas of advantages and disadvantages of
a solution. If a child identifies advantages of a solution, a
happy face card will be given to her or him. Conversely, if a
child identifies disadvantages of a solution, a sad face card
will be presented. Such visible feedback evokes children’s emotions
(i.e., opening Emotional Windows) and motivates cause-effect
analytic thinking. The third step is to scaffold children’s ability

to synthesize information for finding optimal solutions by
providing a cost-benefit analytic scheme. As shown on Q-Pad
presented in Figure 2, two solutions show both advantages
and disadvantages, and children are encouraged to brainstorm
ideas of creating a win-win solution, with advantages retained
and disadvantages avoided (e.g., Grandpa will be able to take
medication in time as well as correctly, while Diandian’s parents
are free of the labor of constantly reminding her grandpa).
The session ends with the teacher’s suggestion to children that
they should go back home thinking and discussing with their
moms and dads about a win-win solution. The sad and happy
cards and Q-Pad serve two important pedagogical functions:
to make cost-benefit analysis and paths to optimal solutions
accessible to young children, to make children’s own thinking
and reasoning visible to themselves. Related to the issue of
design, Q-Pad provides a structure for navigating an ill-defined
problem space with identifiable constraints (Welter et al., 2017).
Introducing Q-Pad in early phases of problem-solving
distinguishes QEOSA from the traditional approach: QEOSA
imposes a structure (i.e., constraints for optimal win-win
solutions) before brainstorming. The purpose of imposing
structure early is to scaffold an evaluative (or critical) stance
early toward solutions better than those involving a trade-off,
a distinct quality-over-quantity strategy we mentioned earlier.
This approach is developmentally appropriate given that young
children are still fragile in terms of formulating logical thoughts
(Piaget, 1950/2001). Research shows that identifying and satisfying
goal-related constraints is central to problem-solving. Creative
solutions sometimes rely on releasing assumptions of constraints
(Ohlsson, 2011), and other times rely on identifying or setting
up new constraints (Stokes, 2001). Optimal problem-solving
that QEOSA promotes with dilemma cases involves satisfying
multiple constraints so as to create a win-win condition. Medeiros
et al. (2014) showed that imposing constraints, when done
with the right doses, can improve creative problem-solving.

The Optimization Phase

In this phase, the teacher first reminds children that they are
striving for an optimal solution (i.e., seeking a win-win solution).
The brainstorming session in the previous phase is followed
by a critique session in which children challenge one another
about validity and feasibility of the suggested solutions
(i.e., whether they truly satisfy the cost-benefit constraints).
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FIGURE 2 | Q-Pad for the case of “Grandpa’s Misgivings”: The first figure shows constraints for optimal solutions, and the second figure shows an achieved

Then, under the guidance of the teacher, different practical
solutions are tried and tested, and children are guided to find
tools and resources relevant to specific ideas. For example, in
the case of Grandpa’s Misgivings, medicine boxes, (fake) medical
pills, timer, and recorders become part of an optimal solution
(see Figure 3). During this optimization process, children have
to learn the design rule of combining these tools for a
multifunctional design, another aspect of constraint satisfaction.
Much “just-in-time” learning and the teacher’s scaffolding (but
without telling) take place during this phase.

The Show Phase

In this phase, children have to demonstrate, present, and share
their ideas of how a dilemma can be solved. Although young
children still do not have the skills to engineer their design
ideas, they can show their solution by drawing or metaphorically
using a seven-piece puzzle (a set of manipulatives for model
building). The purpose of showcase childrens solutions is to
develop children a sense of audience, ownership, and agency,
both collectively and individually. Renzulli (2005) pointed out
the motivational importance of addressing an audience and
making a social impact with creative work, this point is often
neglected by creativity researchers. Since the use of QEOSA in
young children in China, more than a dozen plays based on
real incidences of QEOSA-guided problem-solving have been
scripted and performed by participating children on stage in
front of classmates and parents as audiences. In the Show phase,
some projects were enacted as a theatrical play; so far, a repertoire
of 17 plays have been created. And others as the Collection of
Products or Ideas Bank are showcased in children’s learning
fair. The Show phase not only presents occasions that enhance
children’s sense of agency and accomplishments; it is also a
metacognitive moment to show how they managed to get this far.

The Action Phase

In this final phase, the main task is to truly materialize the
solution, including searching the market value of a solution.
Parents and teachers help children search relevant information
as to, for instance, whether the multifunctional medicine box

Medicine
Box

Medical
Pills

Timer

Recorder

FIGURE 3 | Toy tools used in the case of Grandpa’s Misgivings.

in the case of Grandpa’s Misgivings has been produced before.
If not, they would help children produce a real multifunctional
medicine box as they conceptualized. In this case, children
were eventually able to invent a multifunctional medicine box
to materialize the optimal solution, capable of automatically
prompting Grandpa to take specific medications. These activities
form an Action Chain to help improve childrens practical
skills, but more importantly, enhance a sense of entrepreneurship
and achievement. Indeed, so far more than four dozen QEOSA-
guided and children-made designs and products have been
officially patented in China.

HOW QEOSA CONTRIBUTES TO THE
DISCOURSE REGARDING BRIDGING
CULTURE, COGNITION, AND CREATIVITY

In the previous section, we presented in a nutshell how QEOSA
as a pedagogical model was conceptualized and implemented
in education for young children. Particularly important to this
special issue is the question of how does it contribute to the
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current discussion of the role of culture in creative thinking
and problem-solving? There are at least three ways in which
QEOSA makes culture more prominent in nurturing creativity,
with its emphasis on (1) a distinct set of norms and conventions
for thought and action embedded in QEOSA, (2) the social
and co-constructive nature of developing creative thinking, and
(3) the enculturation of a creative mind-set instead of the
training of a skill set.

Culture as a Set of Norms and
Conventions for Thought and Action
Embedded in Pedagogy

While the sequence of Questioning, Exploring, Optimizing,
Showing, and Acting resembles current models of creative
problem-solving (e.g., Treffinger, 1995; Mumford and McIntosh,
2017), optimal problem-solving engendered by QEOSA carries
a distinct set of norms (implicit or explicit) and conventions
(i.e., built-in procedures) aiming to shape a creative way of
thinking about social and practical problems, dilemmas, and
conflicts. Viewed this way, what we consider as influences of
Confucianism and Taoism is just part of norm-setting (e.g.,
the relentless search for a win-win solution, or avoiding either-or
conceptual entrapment). More broadly, other values are embedded
in QEOSA, such as taking initiative and exercising personal
agency, collaboration, and responsibility (be ready to defend
one’s hypotheses or proposed solutions). In addition, QEOSA
also institutes a set of built-in routines (i.e., conventions),
such as creating questions and ideas banks for collective use,
building Emotional Windows, and facilitating Experiential Bridges
to activate personal experiences and generate new
understandings, as well as ensure sustainability of optimal
problem-solving. Together, these norms and conventions help
create a culture of problem-solving among preschool children,
analogous to creating a community of learners and inquirers
(Brown, 1994), for knowledge building and creative knowledge
work (Scardamalia and Bereiter, 2006).

Historically, creativity has been viewed as having a fixed
set of underlying cognitive processes regardless of cultural
experience. This view is challenged (Hennessey, 2017). A
pedagogy capable of enhancing creative thinking is one that
is capable of preparing and positioning a mind to solve real-
world problems. From this perspective, even a Western conception
of divergent thinking as quintessential for creativity, starting
with Guilford (1950), reflects a cultural norm characteristic
of an individualist culture.

Social and Co-constructive Nature of
Developing Creative Thinking

A developmental corollary of the above argument is that the
process of developing creative problem-solving has to involve
enculturation that is social in nature; thinking and reasoning,
such as maintaining a critical stance, finding multiple possibilities,
and seeking win-win solutions, must be co-constructed and
scaffolded in formative years. The exercise of optimal problem-
solving under QEOSA helps children not only solve complex
problems creatively, but also come to appreciate the complexities

of the real world and untapped possibilities for the common
good. Indeed, the social and intellectual aspects of individual
development are intricately connected. As shown in our
introduction to QEOSA, almost in every step of the way,
children are constantly working with the help of more competent
peers and adults. In exploration as well as optimization phases,
ideas are generated and improved in such a manner that no
individual alone can claim full credit for the outcomes. This
approach is in sharp contrast to trait or cognitivist conceptions
of the genesis of creativity.

Enculturation of a Creative Mind-Set
Instead of the Training of a Skill Set

Mind-set, a term popularized by Dweck (2006), implies a
specific way of thinking about important aspects of the world
and self. If the norms and conventions involved in a culture
of problem-solving embedded in QEOSA provide a structure
in support of the development of a creative mind-set (seeking
multiple possibilities while holding a critical stance; Langer,
2012), the co-constructing and scaffolding of problem
representation and optimal solution finding provides a social-
cultural meditational process that helps shape such a creative
mind-set over time, the way children learn to relate to and
think about the world and themselves in a way conducive to
creative contributions.

Such a mind-set surely includes cognitive skills, but it goes
beyond divergent and convergent thinking to encompass world
knowledge, epistemic stance regarding how the world operates,
and how we should approach real-world problems and issues
(e.g., how to avoid conceptual entrapment). It should also
involve a sense of personal agency for making a difference,
whether it involves significant others (e.g., in the case of
Grandpas Misgivings) or the human race (e.g., the issue of
global warming). A corollary of the argument for developing
a mind-set rather than merely cognitive skills deemed essential
for creativity is that an exclusive cognitive approach to creativity,
devoid of experiential, affective, knowledge, and social bases,
is untenable (see Dai and Sternberg, 2004, for a critique of
cognitivism). From a developmental and pedagogical point of
view, this point becomes even more important in formative
years (i.e., childhood).

CONCLUSION

Historically, creativity research has made many turns in focus,
from person, to process, to product, and more recently, to
place (or press; see Dai, 2013). Lubart (2017) even coined
seven Cs in mapping out all the components involved. This
article represents our attempt to make a case for the importance
of culture in creative thinking and problem-solving, with a
focus on how various lines of research, psychometric, cognitive,
developmental, and psychosocial, can be integrated in
fashioning a pedagogy of creative problem-solving and the
enculturation of a creative mind-set. QEOSA is just a small
step in this direction. The enculturation hypothesis advanced
in this article is predicated on the notion of transferability
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of such a creative mind-set. Empirical effort has been made
along this line. Much research is warranted to advance this
line of inquiry for the sake of individuals as well as the
vitality of society.
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It still remains uncertain whether working memory updating ability influences spatial insight
problem solving and whether working memory updating ability plays a role in the
representation restructuring phase. The current study explored the correlation of working
memory updating ability and spatial insight problem solving by behavior and eye movement
experiments, and the results showed that high working memory updating ability individuals
spend significant shorter time to solve spatial insight problem than low working memory
updating ability individuals. For participants with high or low working memory updating
ability, the underlying mechanism of spatial insight problem solving is sudden rather than
incremental, which demonstrated that the working memory updating ability did not
influence the representation restructuring phase. Working memory updating ability
influences spatial problem solving, and it works critically in the problem space search
phase, while the restructuring phase is sudden and immediate, which is not influenced
by working memory updating ability. The representation restructuring tends to
be spontaneous.

Keywords: working memory updating, problem solving, insight, representation restructuring, eye movement

INTRODUCTION

Creative thinking plays an important role in human society, facilitating individual and social
development. Creative thinking is ubiquitous in current society, production, transportation,
and entertainment, especially in the field of education. Researchers attempt to identify factors
that influence creative thinking (Chirico et al., 2018) and ways to improve creative thinking
(Nurdyani et al., 2018). Insight is an important cognitive process in creative thinking. Bowden
and Jung-Beeman (2007) argued that insight is a phenomenon accompanied by an “aha”
experience in which participants suddenly and intuitively understand complex perceptual
situations or capture the intrinsic property of things.

Ash and Wiley (2006) indicated that the process of insight problem solving consists of
three main phases: the initial representation phase, the faulty problem space search phase,
and the post-impasse problem representation restructuring phase. In the initial representation
phase, the problem solver would inappropriately represent the problem. The faulty problem
space search phase may lead to the form of impasse. In post-impasse problem representation
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restructuring phase, the solver would overcome the impasse
and restructure the problem representation and then get the
problem successfully solved. The non-insight problem (analytical
problem) can be solved through the search for problem
representation, but the solution of insight problem needs to
be restructured into an appropriate representation after the
faulty problem space searching, only in this way can the insight
problem be solved. Fleck and Weisberg (2004) hold the view
that restructuring occurs in a few small, incremental, reportable
steps that change the initial representation after a problem-
solving failure, during which consciousness and cognitive
resources should be involved. By contrast, some studies proposed
that restructuring contains subconscious changes in the
representation of problems, which is an unreportable and sudden
process. It is tended to be spontaneous (Jung-Beeman et al.,
2004; Ollinger et al., 2006). Overall, problem representation
restructuring is essential to cognitive mechanism underlying
insight problem solving, but whether the consciousness involved
in representation restructuring phase remains debate.

In the process of insight problem solving, executive function,
emotional state, time pressure, expected reward, and embodied
guidance (Xing et al, 2018) would have an impact on it.
Gilhooly and Fioratou (2009) investigated the individual
differences in executive function in insight and non-insight
problem solving and found that the achievement of insight
problem solving is only related to the working memory
subcomponent of executive function, and the span of working
memory could well predict the achievement of insight and
non-insight problem solving. On the other hand, the insight
and non-insight problem solving are irrelevant with the inhibition
and transformation, that is, the process of insight problem
solving does not seem to need the participation of inhibition
and transformation. Executive functions are generally considered
to include three sub-components: responses inhibition,
transformation of mental sets, and working memory updating
(WMU; Huizinga et al., 2006; Zhou, 2013). In addition, WMU
ability is closely correlated to fluid intelligence and advanced
cognitive abilities (Chen and Li, 2007; Engle, 2010). Chein
and Weisberg (2014) compared the differences of individuals
with different working memory capacities and attentional
abilities in solving insight problem and found that individuals’
differences in working memory capacity and attention ability
can significantly predict the score of insight problem solving.
The process of insight problem solving required working
memory and attention resources, and the updating ability is
used to maintain multiple representation and quickly update
the representation in a short-term information storage and
processing system when the specific stimuli occur. WMU ability
shows the individual’s working memory capacity and information
updating ability and mainly involves the cognitive resources
and conscious process (Collette and Linden, 2002; Zhou, 2013).
Furthermore, quantities of studies have found that WMU
ability has a significant predictive effect on insight problem
solving (Jung-Beeman et al., 2004; Chein and Weisberg, 2014;
Xing et al., 2017).

Verbal insight problem has been proved to be correlated
with executive function, and the results suggested that executive

function influences searching within the problem space but
not the problem representation restructuring phase (Xing
et al., 2017). The two key processes in representation
restructuring are constraint relaxation and chunk
decomposition (Luo and Niki, 2003; Luo et al., 2004; Zhang
et al, 2019). In this case, the representation restructuring
phase in spatial insight problem is similar to that in verbal
insight problem. Classic spatial insight problem includes the
nine-dot problem, the mathematic arithmetic problem, and
tumor-laser radiation problem. The nine-dot problem requires
problem solvers to draw four connected straight lines to
connect all of nine dots, and the pen used for drawing is
not allowed to be lifted from the paper (Chein et al., 2010).
Chein et al. (2010) found that higher spatial working memory
capacity was related to faster solution of nine-dot problem.
The matchstick arithmetic problem requires problem solvers
to move one or more matchstick to ensure the equation
make sense (Ollinger et al., 2006). Recent study proposed
that tight chunk in matchstick arithmetic problem is more
difficult to restructure representation than loose chunk (Zhang
et al.,, 2019). Problem solvers in tumor-laser radiation problem
simulate to use laser power to kill tumor and avoid doing
harm to healthy tissue (Duncker, 1945). Xing et al. (2018)
used eye movement technique to reveal the impact of embodied
guidance on insight by tumor-laser radiation problem. Although
spatial and verbal insight problems both emphasize the impasse
and representation restructuring as important features of
insight, the existing findings revealed differences in the
psychological and neural mechanisms of spatial and verbal
insight problem (Gilhooly et al., 2011; Cushen and Wiley,
2012). Therefore, it is necessary to explore the impact of
WMU ability on spatial insight problem solving and its
underlying mechanism, as well as investigate the WMU ability
affect which specific phase in the course of spatial insight
problem solving.

Previous works investigated the neurocognitive mechanisms
of insight problem solving using fMRI (Shen et al, 2016,
2017) and ERP (Zhang et al., 2019) technologies. Eye movement
technique, more suitable to investigate the underlying
mechanism of spatial insight problem, is also increasingly
used (Hegarty and Just, 1993; Grant and Spivey, 2003; Xing
et al., 2018). Previous study found that attention is closely
related to eye movement (Deubel and Schneider, 1996), and
eye gaze is a good indicator of attentional flexibility, which
well predicts change in cognitive activity (Kruschke et al,
2005; Rehder and Hoffman, 2005; Blair et al., 2009). Therefore,
in the research of spatial insight problem solving, the involving
of eye movement technique can help intuitively observe the
change of individual’s attention resources in the process of
spatial insight problem solving and understand its
underlying mechanism.

The present study consists of two experiments. Experiment 1
initially explored the correlation between WMU ability and
spatial insight problem solving. Experiment 2 used eye movement
technique to directly explore the attention resources change
and its underlying mechanism in the process of spatial insight
problem solving.
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EXPERIMENT 1

Method

Participants

Fifty-seven undergraduate volunteers participated in the experiment
(20 males; aged from 17 to 24; mean 18.15 + 3.1 years),
right-handed, having normal or corrected-to-normal vision. All
the participants did not encounter the Triangle of Circles or
similar problems before, and they signed the informed consent
before the experiment and got course credit after. Our sample
size was determined using G*power 3.1 (Faul et al, 2009).
We assumed that the current study would yield a comparatively
large effect size (d = 0.8, power = 0.8, « = 0.05), in this case
the total sample size should be 42 participants, 21 participants,
respectively, in one group.

Apparatus

The working memory updating task was programmed using
the E-prime 2.0 program. The display resolution of the screen
is 1,024 x 768. The spatial insight problem was presented on
a paper, and participants should draw the answer on a sheet.

Procedure

Working Memory Updating Task

Matrix updating task designed by Chen and Li (2005) is used
as working memory updating task, which could well predict
WMU ability (Chen and Li, 2007; Ecker et al., 2010). At first,
a 4 x 4 matrix with 16 cells is presented in the center of
computer screen. And there are three different color dots (red,
yellow, and green), respectively, in one of the cells. The initial
locations of these three dots are lasting for 4,000 ms. Afterward,
some color arrows (red, yellow, and green) are presented in
the center of the matrix successively. These arrows with different
directions (left, right, up, or down) are available for 1,500 ms
followed by a blank for 500 ms. These color arrows indicated
that the dot sharing the same color should move one cell
according to the direction of the arrow. There are three series
of the number of arrows, respectively, 3, 4, and 5, so arrows
of each color are presented once or twice in each trial

The number of arrows varied randomly in each trial, so that
participants have no idea about their termination. After all
the arrows are presented in one trial, a note is presented on
the screen: “Now it’s time to answer” Only in this time,
participants could write three words (red, yellow, and green)
to indicate the current locations of dots in 4 x 4 matrix with
16 cells printed on an answer sheet. It should be emphasized
that participants were required not to take any notes or keep
track of dots using pencil before answering, and they could
only update the location of dots mentally. After participants
finish answering, they can press the space bar to continue to
the next trial. Participants would practice three trials (3, 4,
and 5 arrows, respectively) to be familiar with the experiment
procedure. In the formal experiment, there are four trials in
each series of the number of arrows, 12 trials in total. Each
correct answer (correct location of color dot) is rated 1 point,
thus 3 points with all correct answers in one trial. The score
is recorded from 0 to 36. Getting higher scores means stronger
working memory updating ability.

Spatial Insight Problem Task

The “Triangle of Circles” is used to be the materials of the
spatial insight problem solving, which is adopted from Cushen
and Wiley (2012). As shown in Figure 1A, 10 circles are set
up as a perfect triangle pointing toward the top of the page.
And the participants are required to move only three circles
to reform a perfect triangle pointing toward the bottom of
the page, as shown in Figure 1B.

Before the experiment, participants read the requirement of
the spatial insight problem, and it is ensured that they understand
it. In the formal experiment, participants would be provided
30 s to think and try to figure out the solution. Then, they
are given 10 s to draw out three to-be-moved circles and the
after-moving positions (Figure 2 shows an example of one
participant’s answer). If they do not get the right answer, they
would be provided another 30 s to think about the problem
and 10 s to answer it. This pattern was repeated as mentioned
above until the participants get the right answer or until 10 min
running out counting from the first answering.

A

B

FIGURE 1 | Sample of “Triangle of Circles” problem. Initial state of insight problem (A) and target state of insight problem (B).
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FIGURE 2 | An example of one participant’s answer.

Two parts should be considered to successfully solve the
problem of “Triangle of Circles,” the circles to be moved and
the positions after moving. The key circles are the ones on
each vertex of the triangle, while the two key positions are
on the left and right side of the second row counting from
the top, respectively, and the third one is right above the
middle of the fourth row. Only find out all right circles and
positions can the participants get the correct answer. Each
key circle or position is assessed 1 point, with 6 points in
total. Each assessment was according to the participants’ answer
of to-be-moved circles and after-moving positions. Take one
answer shown in Figure 2 as an example, two key circles and
one key position are correct, so this answer got 3 points. In
the course of problem solving, each answer would be assessed
and only the final correct answer got total 6 points.

The order of two tasks was counterbalanced across
the participants.

Results and Analysis
Analysis of Time of Spatial Insight
Problem Solving
The average score of WMU ability is 24.42 + 7.02 (M + SD).
Participants with score above the average were divided into
high working memory updating ability group (high-level group
in short), while participants with score below the average were
divided into low working memory updating ability group (low-level
group in short; Li et al, 2007; Xing et al, 2017), leaving 28
participants in high-level group and 29 in low-level group.
Forty-one of 57 participants successfully solved the insightful
problem, with 21 of them in high-level group and 20 low-level
group. The average time of solution for high-level group is
136.71 + 57.40 (M + SD) s, while 234.00 + 151.29 (M + SD) s
for low-level group. Independent sample T test is applied to
compare the time of solution of both groups. The result showed
that the solution time of high-level group is significantly
shorter than that of low-level group (t = -2.78, p = 0.008,
Cohen’s d = —-0.85).

Analysis of Representation Pattern Score of
Spatial Insight Problem

According to the researches by Cushen and Wiley (2012),
each answering assessment can be seen as their problem
representation pattern, in order to obtain an online measure

of representational change. Therefore, before the participants
successfully reached insight (get 6 points), their representational
state of concessive answering can be regarded as search or
exploration in the faulty problem space. The length of the
search process is represented by their solution time. To analyze
the restructuring process of insight problem solving,
we compared the scores of the participants’ last four answers,
which may represent representation pattern.

For 41 participants who successfully solved the problem,
their last four assessments were chosen into the analysis, that
is, the forth answer prior to the solution (d4), the third answer
prior to the solution (d3), the second answer prior to the
solution (d2) and the solution (d1, d1 = 6). Those who solved
the problem within four times of answering were excluded in
data analysis. As a result, 40 sets of data are effective. The
average scores of d4, d3, d2, d1 of these 40 participants are
shown in Figure 3A.

A repeated measures ANOVA was conducted on four sets
of d score, and F(3,117) = 246.49, p < 0.001, 7112, =0.86. The
results showed that there is no significant difference between
d3 and d4, while the difference of other sets of scores reached
significance. The score gap (represent representational change)
of d1-d2 (d12) is significantly more than d2-d3 (d23) or
d3-d4 (d34). This means that the gap between final correct
representation pattern and the prior one is much larger than
the other two periods. The detailed data were shown in
Figure 3B.

For the analysis of different score of d4, d3, d2, d1 for
both high- and low-level group together, it showed that there
is no significant difference in d3, d2, and d1 for two groups,
with marginal significance in d4, p = 0.06. We analyzed mean
score gap in high- and low-level group, respectively. For low-level
group, there is one difference between d3 and d4, but significant
difference existed between the other two comparisons. For
high-level group, there is marginal significance between d3
and d4, p = 0.08, with significant difference existing between
the other two comparisons. The different representation pattern
of high- and low-level group was shown in Figure 4.

Discussion

The solution time of high WMU ability group is significantly
shorter than that of low WMU ability group. In other words,
the participants in high-level group figured out the solution
more quickly. According to three phases of insight problem
solving (Ash and Wiley, 2006), it is indicated that participants
with high WMU ability would form the correct problem
representation more quickly. In the general analysis of
representation pattern of insight problem, the comparison of
score gap among four sets of d score (assessment of answer
representing representation pattern) indicated that there is
no significant rise of the solver’s representation level before
breaking the impasse (d1). In addition, the following analysis
of the score gap of d score showed that the score gap of
d12 (d1-d2) is significantly larger than that of d23 (d2-d3)
or d34 (d3-d4). Therefore, it can be inferred that the process
between the impasse (d4, d3, d2) and the impasse overcoming
(d1, representation restructuring phase) is not an incremental
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FIGURE 3 | Mean score of last four answers (A) and mean score gap between two answers (B). Error bars represent 1 SEM.
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FIGURE 4 | The different mean score of high- and low-level group in last four
answers. Error bars represent 1 SEM.

and gradual one but a sudden and immediate one. Furthermore,
WMU ability has no influence on the tendency of this sudden
and immediate process in spatial insight problem solving. In
other words, this process involves little working memory,
which further indicated that the process of overcoming the
impasse and representation restructuring is tended to
be spontaneous.

According to the analysis of representation pattern in insightful
problem for both high- and low-level groups, there is no
difference for the score in d1, d2, and d3. However, there is
marginal difference in score of representation pattern in d4
(early problem space search phase). And the representation
pattern of low-level group is similar to that of the general
group, but there is significant difference between each two of
four sets of scores (one marginally significant). Therefore, in
the problem space search phase, participants with low WMU
ability are inclined to adopt analytical search mode, while
participants with high WMU ability tended to adopt divergent
search mode. Hence, in the early phase of problem space
search, the problem representation of participants with high

WMU ability is far away from the target state but they can
reach the target state quickly.

We believe that the influence of individual cognitive resources
on insight problem space search mode is more reflected in
the distribution of resources and the cooperation between
different functions. That is, the divergent resource allocation
of high-level groups enables attention and cognitive resources
to better update and restructure the problem representation,
then to search for the correct problem representation. Eye
movement technique can intuitively observe the change of
attention recourses, so we used it to directly explore the attention
resource change and to underlie the mechanism in the process
of spatial insight problem solving in Experiment 2.

EXPERIMENT 2

Method

Participants

Sixty-two undergraduate volunteers participated in the experiment
(25 males; aged from 18 to 26; mean 20.15 + 2.51 years),
right-handed, having normal or corrected-to-normal vision. All
the participants did not encounter Triangle of Circles or similar
problem before, and they signed the informed consent before
the experiment and got course credit after.

Apparatus

The working memory updating task and spatial insight problem
task were programmed using the E-prime 2.0 program. The
display resolution of the screen is 1,024 x 768. Eye movement
data were recorded by EYELINK II with a sampling rate of
250 HZ. The movement of right eye was recorded.

Procedure

The procedure of working memory updating task is the same
as Experiment 1. The procedure of spatial insight problem
task is similar to Experiment 1 with the difference that the
insight problem in Experiment 1 is presented by paper and
answered by drawing, while the problem in Experiment 2 is
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presented by computer screen and answered verbally. In order
to ensure that participants could consider the insight problem
continuously, if they do not come up with an answer during
the answering phase, there is no need to answer. On the other
hand, if the insight happens during the observation phase,
participants can immediately press the space bar to enter the
answering phase, during which they could answer the question
verbally. Eye movements in both two phases were recorded.
We set the position of the three key circles and the target
position as the Area of Interest (AOI), which is represented
by square boxes. The AOI 4, 5, and 6 are key circles, and
the AOI 1, 2, and 3 are key positions, as shown in Figure 5.

Results and Analysis
Analysis of Time of Spatial Insight
Problem Solving
The data of 11 participants who did not successfully answer
the spatial insight problem were excluded, remaining 51 subjects
in the analysis. For WMU ability, the participants above the
average score 21.96 = 6.87 (M + SD) were rated as group
with high WMU ability (high-level group for short), while
the participants below the average score were rated as group
with low WMU ability (low-level group for short), leaving 26
participants in the high-level group and 25 in the low-level group.
The average solution time of the high-level group was
150.77 £ 61.25 (M + SD) s, and the average solution time of
the low-level group was 232.00 + 114.31 (M + SD) s. Independent
sample T test was conducted on the time of spatial insight
problem between high- and low-level groups. The results showed
that the problem-solving time of high-level group was significantly

FIGURE 5 | The distribution of AOls.

shorter than that of low-level group, #(49) = -3.18, p = 0.003,
Cohen’s d = —0.88.

Analysis of Eye Movement Data

Thirty-second observation phase and 10-s answering phase are
together regarded as one block. Since the number of blocks
required to solve the spatial insight problem in the high-level
group was 3.78 + 1.53 (M £ SD) blocks, the eye movement
data in last three blocks of each participant (three blocks count
downward from the last block) were chosen for analysis. To
help clarity, the last block was the block in which participants
successfully solve the problem, and the data in the last block
was also included into analysis. Nine participants in the high-
level group completed the spatial insight problem task within
two blocks, so these data were excluded from final analysis,
leaving 25 participants in low-level group while 17 in high-
level group. We set Block 3 referring to the last but two blocks,
Block 2 referring to the last but one block, Block 1 referring
to the last block in which participants successfully solved the
spatial insight problem.

Fixation refers to eyes keeping comparatively static during eye
movement, and the number of fixations could effectively reflect
the processing cognitive load of the certain stimuli, with larger
cognitive load accompanying with larger number of fixations
(Yan et al, 2013). Owing that AOIs we settled only occupied
some parts of the Triangle of Circles, fixation ratio in AOIs was
selected as an indicator of eye movement, which refers to the
proportion of the number of fixations in AOIs and the number
of fixations falling on the entire stimulus. A 2 (WMU ability) x 3
(block) repeated measures ANOVA was conducted on the fixation
ration in AOIs, with WMU ability being between-subject variable
and block within-subject variable. The results showed that the
main effect of block was significant, F(2,80) = 7.62, p = 0.001,
nf, =0.16, but the main effect of WMU ability was not
significant, F(1,40) = 0.046, p = 0.83, 1]12) =0.001. There is no
significant interaction, F(2,80) = 0.052, p = 0.95, nf, =0.001.
Further analysis found that the difference between Block 3 and
Block 1 was significant, p = 0.004; the difference between Block 2
and Block 1 was significant, p < 0.001; the difference between
Block 3 and Block 2 is not significant, p = 0.50.

The information in AOIs is critical to spatial insight problem
solving. Among them, the AOIs 4, 5, and 6 are key circles,
and the AOIs 1, 2, and 3 are key positions. To verify the
successful solution of spatial insight problem depends which
types of information, a 2 (type of AOIs) x 3 (block) repeated
measures ANOVA was conducted on the fixation ration, with
type of AOIs and block being within-subject variables. The
results showed that the main effect of block is marginally
significant, F(2,82) = 2.77, p = 0.068, 1,=0.063, but the
main effect of type of AOIs is not significant, F(1,41) = 0.225,
p = 0.64, 1712, =0.005 . The interaction was either not significant,
F(2,82) = 1.38, p = 0.26, 1]1%:0.032. Further analysis found
that the difference between Block 3 and Block 1 was significant,
p = 0.03; the difference between Block 2 and Block 1 was
significant, p = 0.019; the difference between Block 3 and
Block 2 is not significant, p = 0.61. See Table 1 and Figure 6
for the detailed fixation ratio in each block.
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TABLE 1 | Descriptive statistics of fixation ratio in AOIs (M = SD).

AOIs Block 3 Block 2 Block 1

Overall 0.37 £ 0.03 0.33+0.03 0.50 + 0.03
Key circles 0.18 £ 0.02 0.17 £0.02 0.23 +0.02
Key positions 0.19 £ 0.02 0.16 £ 0.02 0.24 £ 0.02

Note: Block 3 refers to the last but two blocks; Block 2 refers to the last but one block;
Block 1 refers to the last block.
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FIGURE 6 | The fixation ration in AOIs in last three blocks. Error bars

represent 1 SEM.

Discussion

The last block in which participants successfully solve the
spatial insight problem is regarded as insight phase, while
other blocks are regarded as non-insight phase. In the process
of spatial insight problem solving, the fixation ration in AOIs
of insight phase is significantly higher than that of non-insight
phase, indicating that more attention resources are allocated
to the key circles and key positions when the participants
reached insight. Moreover, there is no significant difference
between the fixation ration of key circles and key positions,
indicating that it is necessary to focus on these two key pieces
of information instead of one single piece of information to
achieve insight. In the previous problem space search phase,
the participants did not pay enough attention to the key circles
and key positions, or just focused on some parts of them,
so that the participants form the incorrect problem representation
and were stuck in impasse. The eye movement reflects the
change of attentional and cognitive recourses to a certain
extent (Godijn and Pratt, 2002). When the participants attempted
to solve the spatial insight problem, they would try to move
the circles to other positions. In the process, the participants
needed to remember the previous-moving circles, the after-
moving positions, and the reconstructed shape of the stimulus,
after that participants should judge whether the new shape
of circles is the perfect triangle pointing to the bottom. Each
step in this process is closely related to the WMU ability.
Participants with high WMU ability may remember the
previously wrong representation of information, so they found
key information and reached insight faster than those with
low WMU ability. They may repeat the same misrepresentation

of the problem, leading to spend longer time to solve the
spatial insight problem.

From the whole course of spatial insight problem solving,
the fixation ration in AOIs of the last block is significantly higher
than that of its previous block, while there is no significant
difference in the fixation ratio in AOIs between the last but two
blocks and the last but one block. The changing pattern of the
fixation ration in AOIs in Experiment 2 is similar to that of
representation pattern in Experiment 1. The results showed that
the underlying mechanism of insight problem solving is sudden
rather than incremental, although there is difference in the length
of time to solve the insight problem, which provides some evidence
for that representation restructuring phase is a spontaneous process.

GENERAL DISCUSSION

The current study is an expansion and supplement of Cushen
and Wiley (2012) to make it clearer to understand the psychological
process of insight problem solving. First, Cushen and Wiley
(2012) defined the participants’ problem representation by rating
the importance of each problem item. And in current experiment,
the participants were not required to rate the circles but to
directly offer their immediate answers, which represent more
specific representation. Second, the time limit for the participants
to think is reduced from 1 min to 30 s, which makes it clearer
to understand the process of the problem representation
restructuring. Third, even if the participants found out the key
circles, they might still fail to solve the problem for not getting
the key positions. Therefore, scores are given according to both
key circles and key positions in Experiment 1, and AOIs are
settled for both key circles and key positions in Experiment 2.
Finally, to investigate the problem representation, participants
were asked to draw the answer on the answer sheet in Experiment 1
every 30 s, which may interfere with their thinking course. It
is different from the solution to the insight problem in real
life, which should be smooth and continuous. So, Experiment 2
improved the design to avoid this interfering influence.

Quantities of studies were conducted to explore whether
the underlying mechanism of insight problem solving is conscious,
cognitive recourses needed or spontaneous, automatic, and
implicit. Murphy (2005) investigated the correlation between
the insight problem solving task and the graphical fluency
task (measurement of the inhibition of dominant responses
and the transformation of the basic response) and found that
there is inhibition and transformation involving in the solution
of the insight problem.

However, some researchers indicated that restructuring is
an all-or-none and unreportable problem-solving process in
insight problem solving (Metcalfe and Wiebe, 1987; Ash and
Wiley, 2006; Ash et al, 2009). Fleck (2008) compared four
insight and non-insight problems (analytic problems) and found
the correlation between working memory span and non-insight
problem solving, as well as the correlation between insight
problem solving and short-term information storage (without
attentional control), which supports the spontaneous theory of
restructuring in insight. It also revealed that in insight problem
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solving, control processing accounts for a small proportion
and automatic processing accounts for a large proportion. Lavric
and Forstmeier (2000) also drew similar conclusions that dual
processing tasks (simultaneous computing tasks) having less
interference with insight problem solving. Ash and Wiley (2006)
compared the different size of the faulty initial search space
and found that higher capacity to control attention help navigate
the initial space. This result also explains the effect of automatic
processing on restructuring for that small search spaces only
need to be restructured, while large search spaces need to
be searched and restructured. Shanker (1995) proposed that
unconsciousness does not have a rigorous filter like consciousness.
In the course of solving creative problems, problem solvers
unconsciously pick out clues irrelevant or new to the problem
and link them, which explain the facilitate role of unconscious
thinking in insight problem solving to some extent.

The Representational-Change Theory (Ohlsson, 1992; Knoblich
et al., 1999) asserts that insight only occurs when the problem
solvers stuck in impasse, which is the result of the current
problem representation acts as the memory predictor of the
incorrect initial problem representation. Individuals only change
the current problem representation and form a new memory
predictor, then extract the relevant information from the memory
can overcome the impasse, and then partial or complete insight
may occur. Later, Knoblich et al. (2001) perfected this theory,
arguing that the initial representation of problems established
by problem solvers enables unimportant knowledge be activated,
creating obstacles to problem solving. Only by restructuring
the representation of this problem and changing the state of
knowledge activation, they can solve the insight problem
successfully. And Knoblich et al. (2001) also pointed out that
representation restructuring mainly relies on two mechanisms,
constraint relaxation and chunk decomposition. Among them,
the entire constraint is the most difficult to relax, because in
this case, it is necessary to transform the representation of
the whole problem; and the partial restriction is much easier,
because the partial constraint only affects part of the problem
representation. The same is true for chunk decomposition,
which is easier to break down for loose chunks than tight
chunks (Zhang et al., 2019). Knoblich et al. (2001) also verified
the theoretical hypothesis of constraint relaxation and chunk
decomposition by solving the matchstick arithmetic problem.
After problem solvers see the stimulus and get the negative
feedback in the insight condition, they need to break his
previous guessing rules and generate new connection between
the answer and the puzzle as well as correct representation,
in which process more attention recourses and working memory
are needed. Individuals with low WMU ability have formed
an incorrect problem representation, so they spend more time
in impasse than individuals with high WMU ability.

Analysis of representation pattern in Experiment 1 found
that search mode of individuals with low WMU ability in
problem search space is similar to that in analytical problem
solving, which is analytical search mode, while individuals with
high WMU ability adopt the divergent search mode. Compared
with analytical search mode, the divergent search mode enjoys

higher requirements in terms of cognitive resources, state of
consciousness, attention span, and divergent thinking. WMU
ability mainly shows the individual’s working memory capacity
and information updating ability (Collette and Linden, 2002)
and involves the participation of cognitive resources and
conscious process. The negative correlation between WMU
ability and the time of spatial insight problem solving in both
Experiments 1 and 2 showed that WMU ability plays an
important role in the problem space search phase. It is believed
that there are quantities of cognitive resources participating
and investing in the initial representation phase and problem
space search phase in the course of spatial insight problem solving.

In addition, Experiment 1 found significant difference of
representation pattern between representation restructuring
phase and impasse; Experiment 2 found significant difference
of fixation ratio in AOIs between insight phase and non-insight
phase. Both two experiments proved that the restructuring
process of insight is sudden and immediate. The representation
restructuring phase is not affected by the ability of working
memory updating, which leads to that the representation
restructuring may be a spontaneous processing.

In conclusion, the current study found that insight basically
conforms to the Representational-Change Theory. According
to the interpret of different phases in the course of insight
problem solving (Ash and Wiley, 2006), the previous two phases
(initial problem representation phase and problem space search
phase) are more involved of conscious processing, and the
last phase (representation restructuring process) is more inclined
to be a spontaneous process. The current study also provided
some evidence for that the solution of insight problem is a
dual thinking processing.

There are several limitations in this research, which could
be further improved and investigated in the future. (1) The
test of the individual’s WMU ability only used Matrix Updating
task, and the evaluation and prediction of the WMU ability
can be conducted in a more integrated and comprehensive
method (Ecker et al., 2010; von Bastian et al., 2015). Furthermore,
the division of high and low WMU ability group could be upper
and lower quarter or third (Gelman and Park, 2009), to make
the comparison more precisely. (2) The current study chose
classic spatial insight problem, but previous studies have found
that the size of problem space would influence insight problem
solving (Ash and Wiley, 2006), so we consider further
investigating the effect of WMU ability on different size of
problem space. (3) The exact moment of insight is difficult
to define. Some conservative participants may rethink the
problem again after insight to verify their answer. In future,
we can combine eye movement and ERPs technology to explore
the solution of insight in a more precise time course.

CONCLUSION

1. The ability of working memory updating affects the solution
of spatial insight problem solving, and individuals with high
WMU ability spend significant shorter time on spatial
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problem solving than individuals with low WMU ability.
The influence occurs in the problem space search phase.

2. The representational score and fixation ratio in AOIs of
insight phase is significantly higher than that of non-insight
phase, indicating the representation restructuring phase of
spatial insight is a sudden and spontaneous process and is
not affected by the ability of WMU.

3. There is no significant difference in the fixation ratio in
AOIs of the key circles and key positions, indicating that
the solution to the spatial insight problem solving needs
to pay attention to both types of key information.
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The Remote Associates Test (RAT) is a measure of associative ability, which is often
regarded as essential for creative thinking. The most commonly used version of the
test is the compound RAT. However, many RAT items do not translate directly in
different languages. Additionally, a linguistic measure cannot be used to measure visual
associative ability. A visual measure for associative ability that is similar to the RAT
would be a useful tool for cross-cultural investigations of creativity. The present study
investigated the relationship between the linguistic and a newly developed visual version
of RAT in Russian and Finnish native speakers (for both samples n = 67). Both linguistic
and visual measures showed good internal reliabilities in both samples (Cronbach’s
a = 0.73-0.84). The mean score in the visual task was slightly higher for the Finnish
sample. The correlation between the two measures was stronger in the Russian sample
(r = 0.56) compared to the Finnish sample (r = 0.28). These results are discussed in
relation to linguistic and cultural differences between the samples.

Keywords: Remote Associates Test, creativity, measurement, cross-cultural, visual stimuli

INTRODUCTION

The Remote Associates Test (RAT) is a widely used measure in creativity research. The RAT was
developed by Mednick (1962) to empirically test his associative theory of creativity. According to
the theory, creative individuals are better at making remote associations in comparison to non-
creative (Mednick, 1962). The originally proposed version of the RAT is to find a solution word
for three stimuli words. According to Mednick (1962), the solution word can be associated with
the stimuli by semantic association (e.g., chicken and egg), synonymy (e.g., chicken and coward) or
formation of a compound word (e.g., spring chicken). The most commonly used version of the RAT
is the compound Remote Associates Test (cRAT; Bowden and Jung-Beeman, 2003). In the cRAT
the stimuli words form a compound word with the solution word. For example, for stimuli words
“cake,” “swiss;,” and “cottage,” a potential answer is “cheese,” because it creates compound words that
have new meanings: “cheesecake,” “swiss cheese;,” and “cottage cheese.” Traditionally, the cRAT has
appealed to researchers as each item is held to have only one correct response, making scoring easy
as well as taking limited space and time to administer (Bowden and Jung-Beeman, 2003; Lee et al.,
2014). However, new computational approaches have shown that many cRAT stimuli words have
more than one correct answer (Olteteanu and Falomir, 2015).

The cRAT has been used in several languages and has provided normative data
for example in English (Bowden and Jung-Beeman, 2003), Dutch (Chermahini et al,
2012), and Japanese (Terai et al, 2013). Due to the language specific rules on forming
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compound words, the translation of the test items is often
difficult if not impossible. Also, due to high demands of
vocabulary in the cRAT, native speakers have been shown
to have an advantage compared to second language speakers
(Estrada et al, 1994). Additionally, some researchers have
argued that the cRAT is limited as a measure of remote
associational ability due to its overreliance on linguistic
rules (Worthen and Clark, 1971).

Another variation of linguistic RAT is the functional
RAT (fRAT; Worthen and Clark, 1971). As in the cRAT,
participants are asked to come up with words that are
associated with the three stimuli words. However, instead of
creating compound words, the response word is connected
to the stimuli with semantic associations. For example, for
stimuli “bait;} “pond] and “tuna,” the answer word can be
“fish” (bait is used to catch fish, fish live in ponds and
tuna is a type of fish). In the fRAT, it is likely that there
are also other potential words that may connect the stimuli
words semantically. A set of functional items has been created
computationally (Olteteanu et al., 2018). Additionally, a recent
extension of the fRAT is the visual Remote Associates Test
(VRAT). In the vRAT, participants are asked to identify
a concept that is semantically linked with three presented
images (Olteteanu et al., 2015).

The VRAT has many advantages. Firstly, the use of
visual stimuli in the VRAT overcomes limitations of language
specificity for linguistic measures. The use of the VRAT
instead of linguistic versions of the test may reduce the
advantage of native speakers over second-language participants.
Secondly, the use of VRAT in combination with linguistic RAT
measures, can address questions relating to domain-specificity
in creativity research. Mednick (1962) argued that his measure
is domain-general but other researchers have proposed that
the cRAT in particular is a domain-specific measure that taps
into verbal abilities linked to a general intelligence factor
(Kaufman et al., 2008).

The present study provides further information on the validity
of different versions of the RAT as a measure of associative ability
by investigating the relationship between visual and linguistic
RAT measures in two samples of Russian and Finnish native
speakers. A correlation of 0.37 between the cRAT and vRAT
has been reported in an English speaking sample (n = 38;
Olteteanu and Zunjani, 2019). The present study addressed the
following questions:

(1) Is there a relation between the linguistic and visual RAT
performance in Finnish?

(2) Is there a relation between the linguistic and visual RAT
performance in Russian?

(3) Are these relations
Finnish samples?

similar in the Russian and

In addition, the study investigated potential difference in
the VRAT between the Russian and Finnish samples. A mean
difference in the visual task could be an indication of
culture/language-specificity. For example, certain images could
be more relevant in some cultures than in others.

METHODS

Sample

The participants were members of general public, recruited
via social media. Both Russian and Finnish samples had 67
participants (age range 18 to 69; see the Supplementary Material
for details). The Russian sample included 17 males and 50
females, the Finnish sample 7 males and 60 females. A priori
power analysis showed that a sample of 52 participants would be
required to detect an effect of 0.37 (Olteteanu and Zunjani, 2019)
with 80% power at significance level of 0.05.

Measures

Same visual items were used for both samples (vRAT). The test
included 46 items. For the development of visual items, see
Olteteanu et al. (2015) for further details.

Translation of the English cRAT items (Bowden and Jung-
Beeman, 2003) to Russian and Finnish was unsuccessful due to
changes in the meanings of the words. Therefore, some Russian
and all Finnish linguistic RAT (lingRAT) items were created for
this study. Linguistic items and test forms (cRAT, fRAT) differed
between the samples. In the Finnish sample, all 47 linguistic items
were in the compound form (cRAT). In the Russian sample, 48
items were both in compound (cRAT) and functional (fRAT)
forms. The use of different lingRAT stimulus sets was aimed to
provide insights on the form of linguistic stimuli (compound vs.
functional) in relation to the vRAT.

The study utilized 36 previously used Russian lingRAT items
(Druzhinin, 1999). Twelve additional items, both compound and
functional, were created by the research team. The items were
tested by a group of native Russian speakers to make sure the
items were commonly known (procedure similar to Chermahini
et al, 2012). The lingRAT items were created in Finnish by the
research team (procedure similar to Chermahini et al., 2012).
However, no piloting was done prior to the present study.
Examples of the measures (in English, Russian, and Finnish) are
presented in Table 1. All Russian and Finnish lingRAT items are
presented in the Supplementary Material.

In all tasks, participants were asked to provide an answer word
that is connected to stimuli. Also, participants were shown two
practice items with example answers. No time limits for the tasks
were set to replicate the procedure of the initial study (Olteteanu
etal., 2015). In all tasks, participants could skip the items they did
not have an answer for.

In addition to the responses (accuracy), reaction times (RT)
were recorded for all items (see Supplementary Material). RTs
longer than 400,000 ms (6 min and 40 s) were coded as outliers
and imputed with the new series mean method in SPSS. The cut-
off point was chosen to exclude extreme outliers at this pilot stage
of the project. This will be redefined in the following studies,
in which, with the additional data, we can make more informed
decisions regarding the cut-off for the reaction times.

Scoring
All responses (lingRAT and vRAT) were checked and scored
by native Russian and Finnish speakers. This was to make sure
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TABLE 1 | Example items of cRAT, fRAT, and vRAT.

Test The form Task Language Stimulus 1 Stimulus 2 Stimulus 3 Example response
of Stimuli
Compound  Word What word can form English Cake Cottage Swiss Cheese
lingRAT compound words with the g jgian Kuno (a cinema)  DK3aMeHaIMOHHbII (an exam) — [1poesanoii (a travel)  Buner (ticket; paper)
RA thi timuli words?
(cRAT) ree stimull woras Finnish Kirja (a book) Tori (a marketplace) Tiede (science) Kauppa (shop)
Functional Word What word is associated English Bait Pond Tuna Fish
lingRAT with the three stimuli Russian Xononuast (cold) 3enenas (green) Mythas (muddy) Boza (water)
(fRAT) words?
VRAT Image What co-occurs with the English . ' / Hand
three stimuli images? —

lingRAT, linguistic RAT; vRAT, visual RAT; cRAT, compound RAT; fRAT, functional RAT.

that all correct answers were identified, since some of the items
could have more than one correct answer. Correct answers were
assigned 1 point, incorrect answers scored 0. The summed total
was used as an Accuracy score for each participant.

RESULTS

Descriptive statistics and frequency distributions showed that
all measures (RAT scores and RTs) were normally distributed.
Table 2 presents descriptive statistics, internal reliabilities
(Cronbach’s alpha), within sample correlations and the total mean
time for the four measures (Russian VRAT, Russian lingRAT,
Finnish vRAT, and Finnish lingRAT).

The correlation between the lingRAT and vRAT in the
Russian sample was r(65) = 0.56, p < 0.001, and n = 67,
and in the Finnish sample it was r(65) = 0.28, p = 0.02, and
n = 67. The difference between sample-specific correlations was
statistically significant (Fisher’s r-to-z transformation z = 1.95
and p = 0.03). Additionally, there was a significant mean
difference in VRAT [#(132) = —3.78 and p < 0.001] between the
Russian and Finnish samples. The total reaction times (sum of
RTs for each item) were positively correlated between lingRAT
and VRAT total scores for both Russian [r(65) = 0.47 and
p < 0.001] and Finnish [r(65) = 0.46 and p < 0.001] samples.
The difference in correlations was non-significant (Fisher’s r-to-z
transformation z = —0.07).

DISCUSSION

The present study was the first to explore the relationship of
linguistic and visual stimuli in the RAT in Russian and Finnish

samples. Correlations between accuracy scores in the linguistic
(cRAT + fRAT) and visual (VRAT) tasks differed between the
samples: correlation was moderate in the Russian sample and
weak in the Finnish sample. For the RT measure, a very similar
moderate correlation was found in both samples.

The difference in the lingRAT stimuli sets may influence the
accuracy correlation between the lingRAT and vRAT. Finnish
items were all compound words whereas Russian items were
a combination of both compound and functional items (30
functional items). In the vRAT, all items were the same for
both groups. Since the VRAT is based on semantic associations
(same as linguistic fRAT items), the higher correlation in the
Russian sample may reflect that the similar strategy could be
used to solve items in lingRAT and vRAT. Conversely, the lower
correlation in the Finnish sample could be due to differences in
measures. Whereas the VRAT tapped into semantic associations,
performance in the Finnish lingRAT (all compound items) was
more related to linguistic ability to form compound words than it
was in the Russian sample.

Alternatively, the difference between the correlations may also
indicate language-specific features of how compound words are
created. Due to different linguistic rules in Russian and Finnish,
it may be that language specific grammatical constraints direct
the selection of the words that can be used to form compound
words. For example, if in Russian fRAT items a stimulus word
is an adjective, it will have the appropriate grammatical gender
in congruence with the solution word. Potentially this will also
constrain the search space for the correct solution word.

Overall, the two samples performed very similarly in the visual
RAT. The frequency distributions were largely overlapping with
similar ranges. However, there was a small mean difference in the
VRAT between the samples. Future research is needed to explore

TABLE 2 | Mean accuracy means (standard deviations); internal reliabilities (Alpha); skewness and kurtosis values; mean accuracy correlations; total mean times; and

total mean time correlations for the vRAT and lingRAT in Russian and Finnish samples.

M (SD) Alpha Skewness Kurtosis Accuracy correlation M total time (in minutes) Total time correlation
Russian VRAT 24.6 (6.8) 0.79 —0.61 1.30 0.56%* 14.40 (5.8) 0.47%*
lingRAT 26.6 (6.9) 0.83 -0.76 0.71 18.83 (8.3)
Finnish VRAT 29.2 (7.1) 0.84 -1.99 5.57 0.28* 14.07 (6.49) 0.46%*
lingRAT 21.6 (5.9) 0.73 0.37 0.45 29.25 (13.6)

**p < 0.07 and *p < 0.05. n = 134, Nyyssian = 67, Nfippish = 67.
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whether this difference stems from methodological limitations or
some culture/language specificity. The observed difference may
reflect culture-specificity of certain items, when some concepts
(images) may be more familiar in certain cultures. For example,
a picture of Poseidon is recognizable only to participants with
knowledge on Greek mythology.

Different proportions of linguistic test items was also a
limitation in the study. In our future work we will address
this by creating comparable stimulus sets to investigate the
relationships of lingRAT (cRAT, fRAT) and vRAT within the
samples. Additionally, we will also investigate the psychometric
properties of the linguistic and visual items in more detail. Future
studies should also employ the same stimuli, both in linguistic
or visual form, to explore their role in associative processing.
Eventually, future studies will help to further develop a valid
VRAT measure that can be used in cross-cultural studies.

The findings of the present study show promise in the use of
a VRAT across populations with different native languages. They
also show that linguistic and cultural specificity may influence
RAT performance. Using linguistic and visual remote association
tests in cross-cultural context will lead to better understanding of
the cognitive processes underlying creativity.
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The purpose of this study was to examine how culture shapes creativity by reviewing empirical
findings across diverse studies. The impact of culture on creativity is typically manifested in
three ways: (1) people from different cultures or settings have distinct implicit and/or explicit
conceptions of creativity; (2) individuals from different cultures, particularly those from individualist
and collectivist cultures, show differences in preferred creative processes and creative processing
modes (e.g., usefulness seems more important than novelty in the East, whereas novelty seems
equally important as usefulness, if not more so, in the West) when they are engaged in creative
endeavors; (3) creativity may be assessed using different measures based on culture-related
contents or materials, and findings are accurate only when culturally appropriate or culturally
fair measures are used. Potential implications and future directions are also proposed.

Keywords: culture, creativity, conceptualization, thinking pattern, creative process

INTRODUCTION

Creativity, a key engineer for facilitating social harmony, sustainable human development,
technological invention and scientific revolution, is manifested in human activities at different
levels, from everyday life to advanced technological industries. To date, there is no consensus-
based definition of creativity; however, according to a standard definition, creativity is often
perceived as the ability to produce something new/novel and appropriate/useful. At present,
unprecedented significance is being attributed to creativity due to the implementation of
policy-based, innovation-oriented national development strategies and increasingly pressing
global issues, such as global warming and terrorism. Perhaps for these reasons, the study
and application of creativity have received considerable attention in the past 10 years, and
many critical findings regarding creativity have been revealed through a variety of research
methods and approaches. Although these findings play an increasingly important role in
understanding and developing creativity, they are largely isolated and fragmented because of
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the various approaches and methods used. Creativity, as a
key product of human culture and a tool for enriching culture,
has an extremely intimate but complex relationship with culture.
To obtain a comprehensive understanding of the nature of
creativity, this work attempted to integrate available studies
from a cultural and cross-cultural research perspective. In a
sense, creativity is inherent to culture. Simply speaking, if
culture is the “background,” then creativity is the “object” that
is likely to become a new “background” for emerging and
forthcoming “creativity (objects).” Nobody can live well and
be creative without the involvement of culture. Accordingly,
the present study attempted to identify how culture molds
creativity from a (cross-)cultural psychology perspective.

Creativity is deeply rooted in all cultures, but its definition
and attributes vary across cultures. According to the literature,
the dichotomy of “the West” and “the East” is one of the
most influential approaches in characterizing (potential cultural)
differences in understanding and defining creativity. “The East”
commonly refers to Asian countries, especially East Asian
countries such as China and other countries influenced by
its culture, such as Japan or Korea; they possess general
similarities in social and cultural aspects that differ from those
of “Western” countries. The mentioned countries are often
considered to largely represent “collectivist cultures” (i.e.,
cultures that emphasize that collective interests should override
individuals’ interests and that fitting in with the collective is
more important than being unique) and share a similar tradition
that traces its origin from Asian thought, such as Taoism,
Buddhism, and Confucianism. In contrast, “the West,” although
usually considered to reflect “individualist cultures” (i.e., those
that value the individual’s goals and interests over the group’s
collective interests and goals; Xie and Paik, 2019), usually
refers to the US, Western Europe, Canada, Australia, and
New Zealand, which are closely linked to ancient Greece and
the ideas of Christianity, Judaism, and rationality (Weiner,
2000; see Dubina and Ramos, 2016). The plausibility of such
clustering of the East and the West has been substantially
supported by several large-scale studies, such as the World
Value Survey (Inglehart et al., 1998) and the GLOBE project
survey (House et al., 2004; see Xie and Paik, 2019).

In a review of previous studies, we found that some
pioneering studies have probed the link between culture and
creativity from various perspectives. These studies included
two fascinating approaches: a comparison of cross-cultural
creativity between aboriginals from different cultural
backgrounds and the investigation of the effects of multicultural
experiences, such as studying abroad, and cultural priming
on creativity. Leung and Chiu (2010), for example, asked
European American undergraduates to complete a creative
writing task (followed 5-7 days later by a creative analogies
construction task) immediately after exposure to visual materials
that mirrored either American or Chinese cultures or a hybrid
culture created by the fusion of American and Chinese cultures.
The researchers not only empirically documented a robust
facilitative role of multicultural experience in both immediate
and delayed creative performance but also found that this
effect was primarily mediated by the generation of uncommon

and unconventional ideas and by enhancing receptiveness to
ideas that are natively rooted in foreign cultures and modulated
by individuals’ need for cognitive closure and existential
terror. Similarly, through five studies using a multimethod
approach, Maddux and Galinsky (2009) empirically revealed
the positive association between time spent living abroad
(not traveling abroad) and creativity, demonstrating that
foreign living experiences and the experience of adapting to
a foreign culture temporarily boosted creativity in individuals
who had lived abroad. Although considerable studies of this
kind have reliably replicated the effects of exposure to foreign
culture on facilitating creativity, they require integration and
a more comprehensive perspective. Two recent theoretical
studies (Shen and Yuan, 2015; Huang et al., 2018) attempted
to integrate these “isolated findings”; however, they mainly
focused on the influence of different aspects of culture (i.e.,
cultural values/norms and activities, multicultural learning,
or cultural artifacts/products) or multicultural experiences
on creativity (as an entity), without evaluating the effect of
culture on different aspects of creativity. Nonetheless, creativity
as a multifaceted and complex construct naturally involves
distinct representation across different levels, from conceptual
analysis to experimental manipulation and practical assessment.
In fact, an increasing number of studies have been criticized
for utilizing a “Western” (or American) framework to
conceptualize and measure creativity (Glaveanu, 2010).
Therefore, to deepen the understanding of the relationship
between culture and creativity, particularly the role of culture
in modifying and nurturing creativity, the major roles of
culture in conceptualizing, manipulating, and measuring
creativity were carefully identified.

The remainder of this research is organized as follows.
Section “Culture Underwrites the Definitions of Creativity”
mainly illustrates the role of culture in conceptualizing or
defining creativity. Next, we present recent findings on the
influence of culture on the creative process, followed by the
effect of culture on assessing creativity or developing creativity
measures. Finally, the study concludes with some proposed
directions for future studies.

CULTURE UNDERWRITES THE
DEFINITIONS OF CREATIVITY

Creativity is bound to culture. To systemically or scientifically
investigate a new construct, the first order of business is to
establish a definition of the construct. Without exception, a
key to scientifically demystifying the construct of creativity
is to conceptualize or define creativity. Although defining
creativity is easy, establishing a consensual definition of creativity
is not. Previous studies have acknowledged that a collection
of creativity conceptions proposed by earlier psychologists
has been compiled into a book (see Treffinger, 1996), indicating
that there have been considerable attempts and efforts to
explicitly define creativity. For example, working from the
perspective of intersubjectivity, Gliveanu (2010, p. 157)
conceived of creativity as a complex phenomenon leading to
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“the generation of new and valuable artifacts by working
with ‘culturally impregnated’ materials within an intersubjective
space” However, the standard definition of creativity argues
that creativity requires both originality (also called novelty,
newness, or uniqueness) and effectiveness (also called utility,
usefulness, appropriateness, value, or meaningfulness) (Runco
and Jaeger, 2012, p. 92). In contrast to considering creativity
as an intrapersonal cognitive process or performance or as
an individual’s personality or abilities (Williams and Yang,
1999, p. 378), creativity is assumed to be a complex, multivariate
construct or phenomenon that refers to the “interplay between
ability and process by which an individual or group produces
a perceptible outcome or product that is both novel and
useful as defined within some social context” (Plucker et al.,
2004, p. 90). Perhaps because so many different definitions
of creativity are available and because of the lack of universal
agreement regarding such definitions, individuals across cultures
conceptualize creativity differently and sometimes use context-
or culture-specific theories of creativity as general theories
or definitions (Lee et al,, 2015). A review of the existing
literature found that some definitions of creativity concerned
the nature of dynamic thought processes and the intellectual
capability used to produce insights or creative solutions to
problems; some primarily focused on the personal
characteristics (personality or traits) and cognitive abilities
of individuals; and still others targeted the products or
outcomes of creative attempts (Martins and Terblanche, 2003).
Importantly, some variability is found in explicit conceptions
of creativity across cultures or countries. Typically, these
suggest that Western cultures attach more importance to
process- and product-based creativity and highlight the
pragmatic, problem-solving outcome of creativity and that
Eastern cultures have great interest in creative spirits and
person-based creativity, treating creativity as a form of revelation
or rediscovery (Westwood and Low, 2003) and emphasizing
the role of creativity in facilitating personal fulfillment and
enlightenment or the self-expression of an inner essence or
ultimate reality (Lubart, 1999; Glaveanu, 2010).

Numerous conceptual constructs in psychology can
be studied and depicted as explicit (based on domain experts
and/or theories) or implicit (derived from laypersons’ or
individuals’ belief systems). Creativity is no exception. In
contrast to explicit theories, which rely heavily on experts’
data-driven theories regarding creativity, implicit theories of
creativity preexist in people’s minds and only need to
be discovered (Shen et al, 2018b). Implicit theories are
regarded as having great practical and theoretical importance
for formulating common cultural views on creativity and
understanding how individuals perceive their own beliefs
regarding creativity (Rudowicz, 2003; Shen et al., 2018b).
Consistent with the numerous studies that have attempted
to determine the explicit concepts of creativity, substantial
evidence has demonstrated that implicit conceptions of
creativity show some variability across cultures. According
to Rudowicz (2003), the majority of studies concerning
implicit theories of creativity have either focused on creative
individuals (the traits or personality characteristics that typify

a creative individual) or the conceptualization of creativity
(what laypeople perceive creativity to be). For example,
Sternberg (1985) reported that the implicit conception of
creativity overlaps with but also distinctively differs from
the conceptions of intelligence and wisdom. In Western
studies, descriptions such as “curious,” “imaginative,’
“independent,” “inventive,” “original,” “wide interests,”
“nonconformist,” “individualistic,” “confident,” “assertive,”
“daring,” “artistic,” “open-minded,” “intelligent,” “capable,” and
“sense of humor” were frequently named as implicit personality
characteristics that describe a creative individual (Runco and
Bahleda, 1987; Rudowicz, 2003; Runco, 2014; Luescher et al.,
2019). Using Chinese undergraduates as participants, Rudowicz
and Yue (2000) demonstrated that Chinese college students
from Beijing, Guangzhou, Taipei, and Hong Kong all named
“originality,” “innovativeness,” “thinking,” “observational skills,”
“flexibility,;,  “willingness to try; “self-confidence,” and
“imagination” as core characteristics of a creative person,
with some regional differences (except in the Taipei sample)
that attributed “wisdom,” “assertiveness,” and “individualism”
to creativity. Additionally, Rudowicz and Yue (2002) surveyed
489 Chinese students and required them to name the most
creative Chinese people in history and in modern times.
Their results showed that Chinese youths’ perceptions of
creative individuals focused more on an individual’s social
influence or their potential or realized contributions to
society through their creativity. Furthermore, Rudowicz
(2003) noted that characteristics related to “artistic” and
“sense of humor” were missing or almost nonexistent in
Chinese perceptions of creativity and that “inspires people,”’
“makes contributions to society,” and “is appreciated by
others” were uniquely Chinese views of creativity that were
not reported among Westerners implicit conceptions of
creativity. Overall, to Westerners, creativity implies a break
with tradition and a move beyond what exists, whereas
to Easterners, creativity suggests the reinterpretation or
rediscovery of tradition. Relatedly, in the West, creativity
is valued primarily for solving particular problems through
insight or achieving personal success, whereas in the East,
the value of creativity primarily lies in the social and
moral contributions an individual can make to society
(Rudowicz and Yue, 2000; Niu and Sternberg, 2006).

Taken together, although mounting studies have investigated
the potential influence of culture or multiculturism on creativity
(Leung et al., 2008; Leung and Chiu, 2010; Shen and Yuan,
2015; Chua, 2018), including conceptualizing creativity and
showing the rich connotations and cultural variability of creativity,
the majority of these studies focused on experts’ data-driven
definitions of creativity and laypersons’ perceptions of creativity
to identify explicit and implicit conceptions of creativity. Western
notions of creativity primarily focus on creative processes and
products at the explicit level and on achieving personal success
and solving difficult problems at the implicit level, whereas
the Eastern world strongly emphasizes the spirit of creativity
and personal characteristics, either traits or abilities, at the
explicit level and individuals’ moral and social contributions
to society at the implicit level.
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CULTURE UNDERWRITES
CREATIVE PROCESSES

As a complex and multistage process, creativity is not integral
to an entire process and may involve various subcomponents
or subprocesses. In other words, creativity is a consequence
of human thought that involves a variety of creative processes
and operates on a set of existing representations, concepts,
objects, symbols, rules, or notions. As mentioned above,
creativity does not seem to appear in a vacuum or to
be isolated from various materials. The materials that are
involved in or processed during creativity include
representations, concepts, objects, symbols, rules, or notions,
which are actually derived from individual and group context-
related experiences or cultures and undoubtedly involve
elements that are more or less cultural. Nevertheless, the
cultural effect of the materials processed during different
stages or processes of creativity is not the point of interest
in this study; rather, the point of special interest is the
effect of culture on creative processes or stages across diverse
contexts or cultures. However, this approach does not suggest
that the processes underlying creativity in different cultures
are completely distinct, without any standard or normative
processes or stages; rather, it means that researchers from
different cultures are inclined to study different creative
processes or processing modes and assign different degrees
of importance to the same aspect of the creative process.

Creativity embraces both novelty and usefulness. These
concepts correspond to two critical processes of creativity:
the generative process of acquiring and accessing information
and knowledge and recombining them to produce new ideas
and the exploratory process of searching one’s knowledge
for novel and potentially useful combinations of ideas and
judging the viability of potential solutions (Chua et al., 2015).
Substantial evidence indicates that in Western or individualistic
cultures (Xie and Paik, 2019, p. 7), greater importance is
assigned to the novelty processing mode underlying creativity
and to flexible, inferential processing, which is beneficial to
generating more novel solutions; in contrast, Eastern or
collectivist cultures attribute more significance to the processing
mode of appropriateness or usefulness underlying creativity
and value cautious, persistent processing, which is conductive
to more useful solutions (Nijstad et al., 2010; Adair and
Xiong, 2018). In fact, the emphasis on novel or
“groundbreaking” outcomes fits better with the Western or
individualist belief system, which is based on the ideals of
individuality, freedom, and democracy. In contrast, the focus
on usefulness reflects a strong reliance on tradition, and
Eastern or collectivist societies, which are firmly grounded
in the ideals of interdependence, cooperation, collectivity,
and authoritarianism, have evolved a distinct perspective on
the inherent meaning of uniqueness, originality, and/or novelty
(Rudowicz, 2003; Kaufman and Lan, 2012).

Similarly, different degrees of significance have been
attributed to radical creativity or innovation and incremental
creativity or innovation. A gradual or incremental pattern
dominates creativity in the East, while a pattern of radical

creativity is the dominant pattern of creativity in the West
(Shen et al., 2018b). Specifically, some studies have shown
that in East Asian cultures, particularly in Chinese culture,
there is both a strong desire for creativity and great fear
and rejection of radical creativity (Paletz and Peng, 2008;
Shen et al., 2018b). In two recent studies (Jarman, 2014;
Shen et al., 2018b) that examined the psychological processes
underlying creative insight, particularly insight experiences,
researchers observed that small radical insights or radical
restructuring (which, according to the Chinese, only occurs
when solving brainteasers; see Luo and Knoblich, 2007) is
different from the robustness of more radical forms of creativity
(e.g., radical insight, restructuring or creativity) valued by
Westerners (Jarman, 2014). Essentially, the cultural difference
in preferred creativity processing patterns or creative processes
is rooted in belief system differences between the East and
the West. Specifically, in Eastern areas, creativity is characterized
as an ongoing process involving “a circular movement in the
sense of successive reconfiguration of an initial totality”; in
contrast, in the West, creativity is considered “a linear movement
towards a new point” and “an insightful production achieved
by individuals engaged in a working process with a finite
beginning and end” (Lubart, 1999, p. 341). There is a unique
dialecticism called Chinese naive dialecticism that is mainly
derived from East Asian philosophical and religious traditions,
such as Confucianism, Taoism, and Buddhism; as such, it
deals with apparent contradictions by retaining the fundamental
elements of opposing perspectives as a state of tension or
conflict in which contradictions do not necessarily have to
be resolved and opposites can coexist (Paletz and Peng, 2009;
Shen et al., 2018b). Under such belief systems, almost all
things that Westerners believe are radical are regarded by
Chinese as incremental.

The four-stage approach of Wallas (1926), derived from
Helmholtz’s ideas on the thought process involved in creative
ideas (Rhodes, 1961; Sadler-Smith, 2015), is a heuristic working
model that illustrates key cognitive processes of creativity;
it states that the creative process can be divided into the
stages of preparation, incubation, illumination, and verification
(Shen et al., 2018a). Although Wallas’ four-stage model of
creativity, the most widely cited framework for creativity in
the West, has been used to describe the key processes
underlying creativity in some contemporary Eastern studies
on creative cognition, such as creative thinking and insight,
cultural variation in the four stages of the creative process
also exists; for example, relatively, the Western process model
follows a cognitive problem-solving approach (a product-
oriented definition of creativity; e.g., Dubina and Ramos,
2016), whereas the Eastern creative process highlights the
emotional, personal, and intrapsychic aspects of creativity.
Lubart (1999) cited two alternative models, contrasting Eastern
processes of creativity with the Western four-stage model of
creativity which were introduced in Maduro (1976) and Chu
(1970). The four-stage model based on the Yoga Sutras (from
Maduro, 1976) emphasizes self-will and the ceaseless effort,
internal identification, personal insights, and social
communication of personal realizations; these aspects are
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individually considered similar to the four stages of Wallas’
creative model (preparation, incubation, illumination, and
verification) (Shen et al., 2018a). Different from the Western
depiction of the creative process, mediation or mindfulness
is also regarded as a key facilitator and sometimes as integral
to the Eastern process of creativity. In addition, from a three-
stage perspective, Chiu and Kwan (2010) assessed how culture
impacts the creative process of authoring, editing, and accepting
and revealed that existing knowledge of the established norms
of one culture and cultural elements are not only reference
points for determining the originality or uniqueness of new
ideas but also serve as important sources of inspiration.
Specifically, the cultural norms and elements in which an
individual is located build perceptual and conceptual sets
that may also result in mental impasses and impede the
fluency of the problem-solving process. In contrast, exposure
to a foreign culture could help expand the conceptual boundaries
established in the individual’s culture, providing inspiration
to break free from his/her culture’s limiting sets and initiating
the creative reappropriation/synthesis of diverse ideas. One
powerful avenue for creativity is the combination of disparate
ideas from as diverse categories (a culture can be considered
a category) as possible. Individuals exposed to different cultures
have a great likelihood of generating novel or new things
through combining different elements from the experienced
cultures, which would be perceived as novel by individuals
who have experience with only one or some of those cultures.
Culture is believed to indirectly facilitate or impair the fluency
of the creative process of idea authoring (i.e., authoring
creative ideas) through moderating variables or intervening
factors, such as the process of selecting, editing, and marketing
new ideas (i.e., how ideas are edited and marketed) and the
process of accepting or tolerating creative or novel ideas
(e.g., the acceptability of novel ideas).

In summary, the role of culture in underwriting creative
processes is primarily that culture both provides the fundamental
materials and inputs that are processed in creativity and modifies
the specific processes of creativity directly and/or indirectly.
Cultural knowledge, such as awareness of cultural norms,
simplifies, facilitates, or modifies some processes of creativity
and provides reference points for these processes. In addition,
culture may lead to different preferences in the selection and
application of models of creative processes among different
cultures and to different attributions of importance to the same
creative process across cultures.

CULTURE UNDERWRITES THE
ASSESSMENT OF CREATIVITY

Through the use of creativity measures and assessment tools,
creativity can be studied qualitatively and/or quantitatively.
Most previous studies have shown that Westerners scored
higher than their Eastern counterparts on various creativity
measures or tests (for details, see the Singaporean bestseller
Why Asians Are Less Creative than Westerners; Ng, 2001),
resulting in an enduring controversy regarding whether Eastern

or Asian populations lack creativity or are inferior in terms
of creativity. However, an increasing number of studies
demonstrate that although Western students perform better
on many measures of divergent thinking and creative
performance, this superiority is not consistent across all types
of creativity measures (e.g., convergent thinking measures)
and does not always appear for all dimensions of creativity
assessment (e.g., originality, fluency, and flexibility; see Xie
and Paik, 2019). For instance, Saad et al. (2015) reported
that more ideas (assessed by two divergent thinking problems)
were generated by Canadians (representing individualist
culture), while Taiwanese (representing a collectivist culture)
showed greater originality in their generated ideas. In a review
based on 29 published papers, Xie and Paik (2019) reported
mixed findings regarding the effect of individualist vs. collectivist
cultures (West vs. East) on creativity, as assessed with a variety
of creativity measures.

Given the complexity of conceptualizing creativity and
the variation in creative processes across contexts and cultures,
it is difficult to believe that assessing creativity is a simple
thing. This difficulty in assessing creativity mirrors the
diversity of cultures or contexts in which creativity is rooted
and is reflected in the variation in creativity measures (for
instance, see Cropley, 2000) and approaches to assessing
creativity. As early as 1989, Torrance and Goff (1989), in
an increasingly substantial body of evidence, listed more
than 255 creativity assessment tools; the current number of
creativity measures may be substantially higher. Overall, the
four P’s of creativity — person, product, process and press —
seems to be a more profitable framework for measuring
creativity. Of the instruments developed to assess creativity,
some attempt to evaluate the cognitive processes involved
in creativity, such as creative insight; some are concerned
with product-based creativity or creative performance/
achievements; some focus on personal characteristics or
personality traits; and others examine the impact of the
environment (Feldhusen and Goh, 1995).

Culture is a key factor that influences cross-cultural
assessment and determines individuals’ or groups’ creativity
in diverse settings. In contrast with previous assertions that
Western populations have higher scores on creativity tests
compared with Asian or Chinese populations (Lubart, 1999;
Kharkhurin and Samadpour Motalleebi, 2008), recent studies
have revealed that individuals from tight cultures, as opposed
to those from loose cultures, feel more confident and
experience greater creative self-efficiency when they attempt
creative tasks or measures within their own cultures (see
Chua et al, 2015). More importantly, an increasingly
substantial body of evidence reliably shows that Asian and
Chinese populations exhibit greater creativity on some creative
performance or thinking measures (e.g., Zhou et al., 1995;
Xie and Paik, 2019). For example, by presenting six creative
problems to Chinese and American college students, Chen
et al. (2004) examined the potential influence of the folk
tales (cultural compositions) that the participants had heard
during their childhood on creative or insight-based problem-
solving. They observed that more than 70% of Chinese
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undergraduate students were able to solve the Statue Problem,
which is procedurally similar to the folk tales they heard
during childhood; in contrast, fewer than 10% of their
American counterparts solved this problem because they
had not heard the relevant folk tales. The opposite performance
pattern was observed for solving the Cave Problem, which
was similar to stories the American students had heard
during childhood but bore no similarity to any tale the
Chinese students had heard before. This effect might
be considered a familiarity effect (cultural customs) rather
than truly superior creativity. However, another longitudinal
study by Zhou et al. (1995) provides stronger evidence; in
that study, a three-wave (longitudinal) China-German
comparison of children’s creative performance (assessed
individually using figural divergent thinking test, verbal
alternative uses test, and technical problem-solving task)
was conducted, and better figural creativity performance
was found for Chinese elementary students than for their
German counterparts (irrespective of grades), while the
opposite trend was found for verbal convergent thinking
performance. After reviewing 29 papers, Xie and Paik (2019)
found no consistent findings regarding the relative strength
of Westerners in creativity and innovation.

Findings of this type suggest that culturally appropriate
measures are important for accurately assessing creativity
and that culture may influence the precise assessment of
creativity. The same issue also appears in the Torrance Tests
of Creative Thinking (TTCT). For example, Lubart (1999)
noted that the images and objects that are used to construct
test questions or brief paper-and-pencil creativity tasks such
as those on the TTCT may be culturally bound (e.g., Jellen
and Urban, 1989; Rudowicz et al., 1995). Perhaps for these
reasons, the seven-piece puzzle (tangram; e.g., Domino, 1980;
Siew and Chong, 2014) and the Chinese ring puzzle (puzzle
ring; see Hamel and Elshout, 2000) were developed by the
Chinese to measure creativity and/or intelligence; in contrast,
tasks involving Roman numerals (see Knoblich et al., 2001)
and English letters (e.g., anagrams; see Bowden, 1997) were
developed by Westerners to assess creativity in the West.
Nevertheless, some issues persist due to the use of language
or verbal forms to assess creativity across different cultures.
A growing number of studies show that language learning
can influence individuals’ creativity and that language, as an
integral aspect of culture, may influence the generation of
creativity (expressed in verbal forms). In a study of Hong
Kong children that used the Chinese version of the TTCT
as a creativity measurement tool, Rudowicz et al. (1995)
found that “stimuli, in the form of pictures, presented in
the verbal forms seem to relate to stories that are more
familiar to American and European children than to Asian
children” (p. 424; see also Lubart, 1999). In addition, most
creativity measures are developed in the West, especially in
the United States; thus, Westerners may be more familiar
with them than Easterners are, which would account for
the better performance among Westerners. Simply speaking,
familiarity with the materials, especially verbal expressions
or symbols, that are used to construct test questions and

culture-related misinterpretations of the task (which result
from the existence of different norms or conventions) will
both influence the accuracy of creativity assessments.

In addition to objective measures of creativity, many
techniques are relative (sample- or population-based) measures
of creativity, including divergent thinking tests and consensual
assessment techniques. As an example, in the evaluation of
originality or uniqueness in divergent thinking tests, such as
the consensual assessment method, cultural differences in
widespread knowledge and social norms mean that a response
that is considered highly original or unique in one culture
will not necessarily be considered highly unique in other
cultures or contexts. As mentioned in Jones and Shea (1974),
“statistical frequency-based measures of originality that lump
together the responses of different cultural groups tend to
inflate the originality score of responses common in one group
and to diffuse culture-specific originality” (Lubart, 1999, p. 347).
Additionally, the cultural background of the raters influences
their ratings, a finding that has been better illustrated for
differences in creativity or originality according to ethnicity
(e.g., Kaufman et al, 2004; Kaufman, 2006) and gender
(Gralewski and Karwowski, 2013), in which individuals of
different genders or ethnicities could be considered members
of different (sub)cultures.

The influence of culture on the assessment of creativity is
typically manifested in two points below. On the one hand,
culture exerts great impacts on the construction of creativity
measurement instruments due to the cultural characteristics
of the materials constructed as test questions or items. On
the other hand, culture influences the expression or output of
individuals’ creative ideas due to cultural familiarity or
performance bias resulting from the application of culturally
inappropriate creativity measures. Additionally, culture plays
important roles in the subjective or relative ratings of subjective
creativity and in some dimensions of creativity tests, especially
population- or sample-based originality ratings.

CONCLUDING REMARKS

Creativity is complex and culture-sensitive. In this review,
cross-cultural differences in conceptualizing, processing, and
measuring creativity were discussed and summarized by
contrasting Eastern and Western cultures. Our research provides
substantial evidence supporting the profound role of culture
in defining and assessing creativity and underwriting creative
processes. Consistent with our finding, Lubart (1999) argued
that culture might influence creativity, and this influence
might manifest as people from different contexts or cultures
having distinct implicit and/or explicit concepts of creativity
and people from various contexts or cultures adopting or
preferring to use different psychological processes, such as
tingeing, in their creative endeavors. Because the definition
and assessment of creativity are highly dependent on culture,
most of the observed differences in actual creativity could
be the result of cultural differences. Future studies should
take greater efforts to carefully examine the influence of
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culture on the “consensus components or operations” of
creativity or the standard processes or criteria of creativity.
In addition to the fact that culture, including language and
environment, may nurture creativity, culture may also exert
a robust role in the assessment of creativity. Future studies
could empirically investigate the roles of culture, including
but not limited to multicultural experiences and language
learning, that have emerged in the past 10 years in underwriting
the conceptualization, processing, and assessment of creativity.
Additionally, other studies could take greater efforts to
demystify the cross-cultural neural underpinning of creativity
using high-density brain potentials or neuroimaging measures,
given that two recent studies have started to explore the
neural correlates of cross-cultural differences in creativity
(Ivancovsky et al.,, 2018, 2019).
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This study focused on the social factors and cognitive processes that influence collaborative
idea generation, using the research paradigm of group idea generation, evaluation
apprehension, and incubation. Specifically, it aimed to explore the impact of exposure to
others’ ideas, evaluation apprehension, and incubation intervals on collaborative idea
generation through three experiments. The results showed that in the process of generating
ideas in a group, exposure to others’ ideas and evaluation apprehension can lead to
productivity deficits in the number and categories of ideas, without affecting the novelty
of ideas. Further, exposure to others’ ideas and evaluation apprehension had an interaction
effect on the number of ideas. As compared with the situation without exposure to others’
idea, in that with exposure to others’ idea, evaluation apprehension had a weaker impact
on the productivity of the number of ideas. Furthermore, incubation intervals were beneficial
in reducing the negative effect of exposure to others’ ideas and in improving collaborative
idea generation productivity.

Keywords: exposure to ideas, evaluation apprehension, incubation intervals, idea generation, productivity deficits,
group creativity

INTRODUCTION

Collaborative idea generation is a common phenomenon in organizations (Markman, 2016).
According to this concept, when the group is regarded as a unit, members of the group will
effectively gather the innovative resources and information they have mastered, and achieve
deep collaboration and innovation within and between groups, through extensive interaction
between members and resources (Sawyer and Dezutter, 2009; Hennessey and Amabile, 2010;
Chen and Yang, 2012). The contemporary group creativity theories focus on the cognitive,
social, and motivational factors that influence group performance on creativity. High-level
group creativity requires an effective interactive process (Alper et al, 2007), optimal group
composition (Zhang et al., 2016), positive group experience, and convenient backgrounds that
support innovation and psychological security.

As the initial phase in group creativity, the quality and quantity of idea generation have a
significant impact on later phases such as the selection and execution phases. Several studies
have focused on the cognitive and social factors influencing performance on collaborative idea
generation. In addition, researchers have also focused on developing strategies to promote
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productivity in idea generation. For instance, researchers have
found that computer-supported electronic brainstorming and
brain-writing can eliminate the negative effects of social inhibition
on collaborative idea generation performance, alternating between
face-to-face and electronic conference is an ideal choice for
promoting collaborative idea generation (Paulus and Kenworthy,
2017). Korde and Paulus (2017) proposed that the hybrid
brainstorming of individual and group innovation is an effective
model for facilitating collaborative idea generation. After
comparing the performance of interactive and nominal teams
in collaborative learning groups using a task involving the
generation of innovative ideas, Zhou et al. (2018) recommended
promoting collective intelligence through strategic choices and
rule setting in group activities, such as in collaborative learning.

The present study focused on the social factors and cognitive
processes that influence collaborative idea generation, using
the research paradigm of group idea generation, inducing
evaluation apprehension and delayed incubation. It aimed to
explore the impact of exposure to ideas, evaluation apprehension,
and incubation intervals on group creativity through a series
of experiments.

Productivity Deficits in a Collaborative
Idea Generation Task

Reporting that, when groups work together on idea generation
tasks, they are less effective at creating ideas as compared to
individuals, McGrath (1984) stated that “Individuals who work
separately generate more creative and more ideas than working
in groups, even after deleting the redundant part of their ideas.”
Paulus et al. (1995) discovered that there is a “productivity
deficit” in collaborative idea generation, and follow-up studies
further explored the causes of such deficits.

The causes for productivity deficits may be rooted in the
cognitive mechanism involved, including production blocking
(Diehl and Stroebe, 1987), excessive demand for cognitive
resources and working memory (Nijstad et al., 2003), fixation
(Smith and Blankenship, 1989, 1991), and effects of part-list
cueing inhibition and output interference (Rundus, 1973;
Raaijmakers and Shiffrin, 1981). Diehl and Stroebe (1987, 1991)
found evidence of production blocking in brainstorming. The
main cause of production blocking is that multiple group
members could not speak at the same time. Specifically, in
their experiment, the “non-blocking” group allowed its members
to speak at any time, and they reported that the nominal and
“non-blocking” group generated more ideas than did the exposed
group, and there was no difference between the nominal and
“non-blocking” groups. Paulus and Yang (2000) found that
the use of improved brainstorming, which allows group members
to process fewer ideas each time, can increase productivity.
These findings suggest that cognitive overload or long delays
between idea generation and convergence can reduce productivity
when a group is in the process of generating ideas (Nagasundaram
and Dennis, 1993; Hinsz et al., 1997; Nijstad et al., 2003).

Evaluation of ideas and concerns about social activities may
also lead to a decline in group performance. The social
comparison process may lead individuals in the group to
develop low-performance standards, leading to poor performance

(Paulus et al., 2002). Further, the social comparison would
cause social loafing. Since the responsibility in the process of
completing group tasks is decentralized, if a group member
feels that his/her contribution is not noticeable and that other
group members are performing their duties, this member may
be prone to slackening, and thus, he/she would make fewer
contributions. Besides, in the process of collaborative problem-
solving or collaborative ideation, individuals often face evaluation
apprehension (Diehl and Stroebe, 1987) and exposure to other
group members ideas (Kohn and Smith, 2010), which may
also affect the quality of ideation.

Evaluation Apprehension and
Exposure to Ideas
Evaluation apprehension occurs when “the fear of negative
evaluations from other group members or external members
prevents participants who are working in groups from presenting
their more original ideas” (Diehl and Stroebe, 1987). That is,
because people may worry about negative evaluations from
group members, they will generate fewer ideas when working
together. Evaluation apprehension has negative effects on group
idea generation. Collaros and Anderson (1969) set up three
experimental conditions. In the high-evaluation apprehension
group, four group members were informed separately that the
other three members were experts; in the low-evaluation
apprehension group, four group members were informed
separately that one member of their group was an expert; and
the members in the control group did not receive any information
about their group members. The results revealed that the control
group members produced the largest number of ideas, and
the group which was informed that all other group members
were experts produced the fewest. A post-experimental survey
showed that the more a person thinks that he/she is surrounded
by experts, the more threats he/she perceives, which in turn
prevents him/her from providing more ideas. Camacho and
Paulus (1995) examined the presence of individual differences
in evaluation apprehension. Using the Interactive Anxiety Scale,
they divided participants into low and high anxiety groups.
The group type (real and nominal groups) interacted with the
degree of interaction anxiety (low and high). Additionally, they
found that, in real groups, low interaction anxiety level
significantly increased the number of ideas generated. In addition,
high-anxiety participants expressed hesitation in expressing their
own ideas during the idea generation task. Thus, it was concluded
that evaluation apprehension can lead to group productivity
deficits and that it is better to choose a group of members
with low interaction anxiety to avoid decrease in productivity.
Being exposed to other group members’ ideas also influences
the collaborative idea generation. However, researchers hold
different opinions about whether it has negative or positive
effects. Fink et al. (2012) investigated the effects of exposure
to others’ ideas on the originality of generated ideas using
functional magnetic resonance imaging (fMRI). Their results
suggested that being exposed to common or moderately creative
ideas was effective in improving creativity. In contrast,
Smith and Linsey (2011) purported that seeing or hearing
other members’ ideas in a group would prevent individuals
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from contributing their own ideas. Though being exposed to
others’ ideas would inspire individuals, there is also a
disadvantage. Specifically, after hearing other group members’
ideas, individuals may tend to focus on or limit their ideas
to similar categories. Consistent with Smith’s opinions, the
present study assumed that being exposed to others’ ideas
may reduce collaborative idea generation productivity.
Though many pieces of research have examined the impact
of evaluation apprehension and exposure to ideas on collaborative
creativity, fewer studies have focused on the interaction between
these variables. The theory of social impact (Latané, 1981)
states that the strength of some social powers, such as evaluation,
is negatively relevant to the number of individuals addressed
as the target of the social force (Henchy and Glass, 1969).
Therefore, we could suppose that, as compared with participants
who cannot see other group members’ ideas, those who can
see others’ ideas will be clearly aware of the existence of others,
leading to a reduction in the level of evaluation apprehension.
McGrath (2015) found that compared with individuals, pairwise
group structuring significantly reduced evaluation apprehension
within idea generation groups. Given the above evidences,
exposure to others’ ideas could reduce the negative impact of
evaluation apprehension on group idea generation.

Reduce Productivity Deficits:

Incubation Effects

Incubation effects is an important branch of creativity research.
The discussion on incubation effects stems from an interesting
phenomenon. When facing an extremely difficult problem that
we cannot solve immediately, we tend to put it on the shelf
for a moment. Amazingly, we can solve the problem when
we return to it after a break. The concept of incubation emerged
in the 1920s, as a method or procedure of leaving the problem
aside to solve it.

One of the most frequently and widely used paradigms in
incubation studies is the delayed incubation paradigm (Gilhooly
et al., 2012). In this paradigm, the experimental group is asked
to perform “the aiming task (Stage 1)—incubation phase
(interference task or relaxation)—the aiming task (Stage 2),
while the control group solves the problem in a single continuous
phase. Paulus et al. (2006) set three experimental conditions
to examine the effects of rest on individual brain-writing. A
group of participants engaged in a 15-min idea generation
task, a 6-min relaxation, and a 15-min idea generation task.
Another group of participants engaged in a 10-min idea
generation task, a 3-min relaxation, a 10-min idea generation
task, a 3-min relaxation, and a 10-min idea generation task.
Participants in the no-rest condition engaged in a 36-min idea
generation task. On comparing group performances in the last
10 min in three conditions, researchers found that participants
in the rest conditions produced more ideas than did those in
the no-rest condition. However, there was no difference between
the two experimental groups with rest intervals. In addition,
Lu et al. (2017) found that in creativity tasks that require
divergent or convergent thinking, constant interference task
could increase creativity by reducing cognitive fixation. Though
adopting the same paradigm, previous studies focused on

various aspects of the incubation period, such as the target
problems, the types of the interpolated tasks and the span of
the incubation period (Sio and Ormerod, 2009).

Smith and Blankenship (1991) proposed the selective forgetting
hypothesis to account for incubation effects, suggesting that
an incubation period provides time for forgetting the thoughts
that are not helpful or even detrimental to the problem-solving,
and in turn, problem solvers will be less sensitive to these
irrelevant concepts. Thus, they can have a fresh perspective
toward the current problem and generate new solutions on it
(Segal, 2004). As a result, if an individual is stuck on a fixed
path while solving a specific problem and cannot generate
more ideas, incubation intervals may help improve the situation,
reduce productivity deficits, and facilitate problem-solving
(Penney et al., 2011).

This study intended to investigate the independent and
interaction impacts of evaluation apprehension and exposure to
ideas on collaborative idea generation. Evaluation apprehension
and exposure to other peoples ideas are both important factors
that affect creativity. Both stem from the other peoples perceptions
and are related to the dual processing mechanism of emotion
and cognition. Subsequently, we attempted to identify out whether
incubation intervals can increase productivity in collaborative idea
generation, and if so, how different incubation intervals affect
collaborative idea generation. In addition, dyads are sufficiently
small groups to provide cognitive stimulation (such as exposure
to others’ ideas) while not raising the fear of evaluation from
group members to impairing level (Brown et al., 1998; Nijstad
and Stroebe, 2006). Therefore, all the groups in this study were
in the form of dyads in order to exclude the irrelevant variables.

EXPERIMENT 1

Experiment 1 explored the impact of evaluation apprehension
and exposure to others’ perspectives on creative idea output
in groups. We aimed to examine the main effect of evaluation
apprehension and exposure to others’ ideas, and accordingly
proposed the following hypotheses:

Hypothesis 1: Compared with the groups in the exposed
condition, those in the non-exposed condition would
perform better on a collaborative idea generation task.

Hypothesis 2: Compared to the condition with
evaluation apprehension, groups would perform better
on a collaborative idea generation task in the condition
without evaluation apprehension.

In addition, we purported Hypothesis 3 based on the social
impact theory mentioned above.

Hypothesis 3: There is an interactive effect between
evaluation apprehension and exposure to group
members’ ideas on group idea generation task
performance, and this exposure will weaken the negative
impact of evaluation apprehensions.
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Method

Participants

We recruited participants on the communication platform of
universities, 178 college students were recruited for this
experiment. A total of 89 men and 89 women are recruited
and formed 89 groups, each group had one man and one
woman. Participants’ age ranged from 19 to 23 years. All the
groups were divided into one of four experimental conditions
randomly. Excluding participants whose answer was blank or
did not fit the subject, valid data were collected from 80 dyads.
None of the participants had participated in any similar
experiment in the past, and they were paid after the
present experiment.

Design and Procedure

The experiment employed a 2 (exposure to ideas: exposed vs.
non-exposed) x 2 (evaluation apprehension: present vs. absent)
design. Participants were randomly assigned to one of the
following four experimental conditions: exposed-evaluation
apprehension-present group, exposed-evaluation apprehension-
absent group, non-exposed-evaluation apprehension-present
group, non-exposed-evaluation apprehension-absent group.

In the exposed group, participant dyads were instructed to
complete an idea generation task by submitting ideas together
to experimenters via WeChat. Participants within dyads could
see group members ideas but they were not allowed to
communicate with each other. In the non-exposed group, each
participant completed the idea generation task by submitting
ideas individually to experimenters via WeChat. They could
not see others’ opinions or communicate with them. Before
the experiment, the exposed and non-exposed groups were
informed that they would generate ideas with another person
in a dyad.

In the evaluation apprehension condition, participants were
informed that other participants would evaluate their ideas at
the end of the experiment. In the evaluation apprehension
absent condition, they were informed that the quality of their
ideas would not be judged.

Before the commencement of the experiment, participants
received explanations to introduce the experiment and the task
(a topic of idea generation) using the following text: “Please
list methods that can improve the university you study in”
In the next 20 min, participants sent their ideas to the
experimenter via WeChat. They did not receive communication
or feedback from the experimenter during the task. In the
exposed group, participants could see the ideas provided by
their group members.

Task and Measure

The topic of idea generation was “Please list methods that
can improve the university you study in” Similar topics have
been used in other studies on creativity (Marsh et al., 1997;
Paulus et al, 2006; Putman and Paulus, 2009; Baruah and
Paulus, 2011). WeChat was used as the tool for experiment
operation and idea submission.

As for measures, based on the encoding indexes proposed
by Kohn and Smith (2010), experimenters drew a revised set
of encoding indexes that included 30 categories. For instance,
“course” may include “more diverse curriculum settings”; “diet”
may include “regular check-ups in the school cafeteria” Two
scorers were invited to divide the 2,159 items generated by
160 participants into 30 categories (see Appendix). Scorers
were trained before the rating phase to ensure that they
understood the meaning of and criteria for each category
adequately. In the rare condition that participants reported
more than two ideas for one item, experimenters would divide
and classify this item appropriately (e.g., “train teachers” and
“install an air conditioner in the dormitory” would be respectively
be encoded to “teacher” and “dormitory” categories). Because
the coding results are nominal variables, we introduced category
agreement (CA) and intercoder reliability coeflicient to calculate
the inter-rater reliability. CA refers to the proportion of the
consistent ideas. And the intercoder reliability coefficient
(R) = (n - 1) x CA/(1 + n x CA). In experiment 1, CA = 0.68,
R =0.81. When the two coders were divided on the classification,
they were asked to discuss the issue until reaching an agreement.
Repeated or unserious ideas were excluded from the data analysis.

When creating the non-exposed group, experimenters
randomly assigned data from two participants in the nominal
group to one set and arranged these ideas chronologically.
The novelty level of ideas was determined using the following
formula: novelty score of Category X = (total number of ideas/
number of ideas falling into Category X)/(total number of
ideas/100) (Kohn and Smith, 2010). As a result, the fewer the
number of ideas in a category, the higher was its novelty score.

Results and Discussion

We conducted a two-way analysis of variance (ANOVA) on
the number, category, and novelty of ideas generated by
participants from different evaluation apprehension and
exposed conditions.

When it came to the number of ideas, there was a main
effect of evaluation apprehension [F(1, 76) = 55.876, p < 0.001,
n* = 0424, 1 - 3 = 0.98], with the evaluation apprehension-
absent group (M = 32.95, SD = 8.17) producing more ideas
than evaluation apprehension-present group (M = 21.03,
SD = 6.76). The main effect of idea exposure was not significant
[F(1, 76) = 1.774, p > 0.1]. There was a significant interaction
between evaluation apprehension and idea exposure [F(1,
76) = 6.525, p = 0.013, #* = 0.079, 1 — 8 = 0.47]. The simple
effect analysis revealed that non-exposed groups (M = 36.05,
SD = 4.54) generated more ideas than exposed groups
(M = 29.85, SD = 9.68) under the evaluation apprehension-
absent condition. But under the evaluation apprehension-present
condition, the number of ideas generated by non-exposed
groups (M = 20.05, SD = 4.16) and exposed groups (M = 22.00,
SD = 8.49) were almost the same (see Figure 1).

Regarding idea categories, the main effect of evaluation
apprehension was significant [F(1, 76) = 30.886, p < 0.001,
#* = 0289, 1 — B = 0.94], with the evaluation apprehension-
absent group (M = 15.05, SD = 3.20) generating more categories
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of ideas than evaluation apprehension-present group (M = 11.65,
SD = 2.53). The main effect of exposure to other’s ideas on
categories was also significant [F(1, 76) = 6.419, p = 0.013,
n* = 0078, 1 — f = 0.47], with the non-exposed group
(M = 14.13, SD = 3.12) generating more categories of ideas
than exposed group (M = 12.58, SD = 3.37). Whereas, the
interaction between evaluation apprehension and exposure to
ideas was not significant [F(1, 76) = 2.946, p > 0.05].

As for the novelty of ideas, both the main effects of evaluation
apprehension [F(1, 76) = 3.566, p > 0.05] and exposure to
ideas [F(1, 76) = 0.091, p > 0.1] and their interaction effect
[E(1, 76) = 0.035, p > 0.1] were not significant.

As shown above, exposure to others ideas significantly
weakened the idea category diversity, which partly supported
Hypothesis 1. Possibly, participants were influenced by the
ideas expressed by other group members, which may have led
to the occurrence of fixation. Specifically, participants may
have paid too much attention to others’ ideas, which would
have in turn limited their views to a small number of categories,
leading to the deficit in their productivity in terms of categories
of ideas generated during collaborative idea generation.

It was also observed that participants under evaluation
apprehension condition generated fewer ideas and explored
fewer categories as compared to participants under evaluation
apprehension absent condition, suggesting that participants’
expression of ideas was hindered by the presence of evaluation
apprehension. In the evaluation apprehension condition,
participants tended to adopt a more conservative strategy for
idea generation. That is, they may have avoided broadening
the categories of ideas or putting forward more original ideas
to avoid receiving a negative evaluation. Hypothesis 2
was supported.

The results also revealed that there was a significant interaction
between evaluation apprehension and idea exposure on the number
of ideas, which partly supports Hypothesis 3. Specifically, in the
absence of evaluation apprehension, the exposed group performed
more poorly as compared to the non-exposed group in terms
of the number of ideas. However, in the presence of evaluation
apprehension, the difference between the exposed group and the
non-exposed group was not significant anymore. It suggested
that the idea generation task performance of exposed and
non-exposed groups both decreased under apprehension condition,
but the degree of decline in the non-exposed groups performance
was higher than in the exposed group. This result indicates that,
as compared with the non-exposed condition, when the exposure
of ideas was present, evaluation apprehension had a less negative
influence on productivity in terms of the quantity of collaborative
idea generation. This finding supported Hypothesis 3.

EXPERIMENT 2

Based on Experiment 1, Experiment 2 explored methods to
eliminate the negative effect of exposure to others’ ideas on
idea generation. As shown in previous research, in creative
problem-solving and memory retrieval, incubation intervals
could be used to relieve fixation (Browne and Cruse, 1988;
Smith and Blankenship, 1989). Relaxation or interference tasks
(Lu et al., 2017) during the process of idea generation could
promote individual or group behavior in an idea generation
meeting. Therefore, Experiment 2 tried to provide two
experimental settings (relaxation and interference task) to explore
whether incubation can reduce the negative impact of exposure
to others’ ideas, thus improving collaborative creativity.
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Method

Participants

A total of 98 school students were recruited from different
universities across the country. None of the participants had
participated in Experiment 1 or any similar experiment before.
Participants were paid after the experiment. They were divided
into 49 dyads, each dyad containing one male and one female.
Because one dyad did not understand the rules clearly, data
collected from the remaining 48 dyads were used for the analysis.

Design and Procedure

Participants were randomly divided into the following three
groups: exposed-immediate group, exposed-relaxation group,
and exposed-task group. Each group had 16 dyads. The procedure
was similar to that of Experiment 1. Participants in the above
three exposed groups were asked to complete the idea generation
task by submitting ideas together to experimenters via WeChat.
They could see group members ideas, but they could not
communicate with each other. In the exposed-immediate group,
participants were required to conduct the idea generation task
for 20 continuous minutes without a break. In the exposed-
relaxation group, participants were required to stop the idea
generation task after 10 min and to relax and not conduct
any other activities. In the exposed group, participants were
given a break to complete other cognitive tasks after a 10-min
idea generation task. After 5 min, participants were required
to continue conducting the idea generation task, and they
could not submit any ideas that had been generated before.
After 10 min, the second idea generation task ended.

Task and Measure
Like in Experiment 1, the topic of idea generation was “List
ways to improve your present university” WeChat was used
as a tool for experiment operation and idea submission.
Experimenters collected ideas from participants in the first
and last 10 min of the experiment and classified them into
30 categories using the method employed in Experiment 1
(CA = 0.65, R = 0.79). Finally, they calculated the number
of categories and originality of ideas generated by each dyad.
The interference tasks used in this experiment were 10
graphics and logical reasoning questions extracted from the
Civil Servant Test Bank (assessment method of the civil servant
in China). In order to avoid the extra negative emotion that
might come with interference tasks, the questions would not
be scored, and the correct answer would be provided after
each question was completed. The interference tasks were just
used to let the subject break from the original task temporarily.

Results and Discussion

In order to test the differences of idea generation performance
under different conditions, three ANOVAs were respectively
conducted in the first 10 min, the last 10 min and the total
20 min of the process. Since the present study was conducted
to test three independent hypotheses on the same data set,
the negative interval in this study was set as a/3 via
Bonferroni correction.

TABLE 1 | Post hoc multiple comparisons of ideas generated in last 10 min
(Experiment 2).

Time ) J MD P
Number Immediate Relax -3.50 0.028
Task -4.81 0.003
Relax Task -1.31 0.398
Category Immediate Relax -2.31 0.026
Task -2.75 0.009
Relax Task -0.44 0.664

An ANOVA on the number, category, and novelty of ideas
generated by participants in different groups showed that, in
the first 10 min and the total 20 min, there were no significant
differences in the number, category, and novelty of ideas
generated by the dyads.

In contrast, in the last 10 min, the number of ideas generated
by the dyads in the three conditions were significantly different,
[F(2, 45) = 5.243, p < 0.05/3, * = 0.189, 1 — 8 = 0.807],
and the difference among three conditions on the categories
of ideas was marginally significant, [F(2, 45) = 4.350, p < 0.1/3,
n* = 0.162, 1 — B = 0.725]. However, the difference in the
novelty of ideas generated by participants among the different
groups was not significant [F(2, 45) = 1.693, p > 0.1]. Furthermore,
post hoc multiple comparisons showed that the dyads in the
two kinds of incubation conditions generated significantly more
ideas and their ideas had more categories than did those in
the immediate condition (see Table 1). On applying the
Bonferroni correction, the cutoff for the significance level was
0.017, and the difference in the quantity of ideas (mean difference
(MD) = 4.81, p = 0.003) and categories (MD = 2.75, p = 0.009)
between the exposed-task and exposed-immediate groups was
still significant, while that in the difference in the number of
ideas (MD = 3.50, p = 0.028) and categories (MD = 2.31,
p = 0.026) between the exposed-relaxation and exposed-
immediate groups was not significant anymore.

The results indicated that both kinds of incubation
interventions reduced the negative effects of exposure to others’
ideas on the group’s creative productivity. Additionally, it was
suggested that relaxing and interference task during the
incubation interval could promote idea generation by having
participants temporarily take their attention away from the
present task, thus reducing their cognitive fixation.

EXPERIMENT 3

Experiment 1 and 2 did not control the contents and number
of examples that participants could see. Therefore, the member
in exposed groups could see the other group member’s opinions.
This kind of experimental setting possesses certain ecological
validity. However, because the process of idea generation was
not controlled by the experimenter, it was necessary to conduct
a more rigorous experiment to verify the results of Experiment
1 and 2, including the negative effects of the process of generating
innovative ideas, and the effect of incubation on these negative
effects. Therefore, Experiment 3 controlled the examples of
the ideas presented to participants, to further verify whether
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the two incubation methods (relaxation and interference task)
could weaken the negative effects of exposure to other people’s
opinions during collaborative idea generation.

Method

Participants

A total of 111 school students were recruited from different
universities across the country. There were 34 men and 77 women,
with age ranging from 18 to 26 years. None of the participants
had participated in Experiment 1 or 2, or any similar experiment
before. Participants were paid after the experiment. After excluding
invalid data, the final effective sample size was 104.

Design and Procedure
Participants were randomly divided into the following four
groups: non-exposed group (control group), exposed-immediate
group, exposed-relaxation group, exposed-task group. Each
group comprised of 26 participants. Participants were asked
to complete idea generation tasks individually via WeChat with
the experimenter. In three exposed groups, participants received
ideas from the experimenters in the first, third, fifth, and
seventh minute of the process of idea generation. Additionally,
they were informed that the examples were from their group
member. In fact, the examples came from the four most
frequently appearing categories in Experiment 1. Each example
presented one category, along with three other alternatives. If
the idea had been put forward by the participant him/herself,
alternative ideas were used. Participants in the non-exposed
(control) group did not receive any ideas from the experimenter.
The manipulation of incubation was similar to that used in
Experiment 2. In the control and exposed-immediate groups,
participants performed the idea generation task for 20 continuous
minutes, without breaks. In the exposed-relaxation group,
participants were required to stop the idea generation task after
10 min, and to relax and not conduct any other activities. In
the exposed-task group, after a 10-min idea generation task,
participants were given a break to complete other cognitive
tasks. After 5 min, participants in the two incubation conditions
were required to continue conducting the original idea generation
task, and they could not submit any ideas that had been generated
before. After 10 min, the second idea generation task ended.

Task and Measure

As in Experiment 1 and 2, the topic of idea generation was
“List ways to improve your present university” WeChat was
used as a tool for experiment operation and idea submission.
Experimenters collected ideas from participants in the first and
last 10 min of the experiment and classified them into 30
categories using the method employed in Experiment 1 and
2 (CA = 0.72, R = 0.83). Finally, they calculated the number
of categories and originality of ideas generated by each participant.

Results and Discussion

In order to test the differences of idea generation performance
under different conditions, three ANOVAs were respectively
conducted in the first 10 min, the last 10 min, and the total
20 min of the process. Since the present study was conducted

to test three independent hypotheses on the same data set, the
negative interval in this study was set as «/3 via Bonferroni correction.

An ANOVA on the number, category, and novelty of ideas
generated by the participants in the different groups showed
that, in the first 10 min, there were no significant differences
in the number [F(3,100) = 0.597, p > 0.1], category [F(3,
100) = 0.859, p > 0.1] and novelty [F(3, 100) = 1.326, p > 0.1]
of ideas generated by participants.

In the last 10 min (see Table 2), the number [F(3, 100) = 5.06,
p < 001/3, ## = 0.132, 1 — f = 0.909] of ideas generated by
participants in the last 10 min differed significantly across the
four conditions. Furthermore, post hoc multiple comparisons (with
Bonferroni correction, the cutoft for the significance level was
0.008) showed that participants in the exposed-immediate group
generated fewer ideas as compared to the number of ideas
generated by participants in the exposed-relaxation group
(MD = -2.483, p < 0.001), exposed-task group (MD = -1.751,
p = 0.010, marginal significant) and non-exposed group
(MD = -1.789, p = 0.009, marginal significant), while the difference
in the number of ideas among exposed-relaxation group, exposed-
task group, and non-exposed group was not significant.

As for idea categories, the results of ANOVA revealed that
it differed significantly across the three conditions [F(3,
100) = 4.55, p < 0.05/3, > = 0.120, 1 — 3 = 0.874]. Post hoc
multiple comparisons showed that participants in the exposed-
immediate group explored fewer idea categories as compared
to the category of ideas generated by participants in the other
conditions. After Bonferroni correction, only the difference
between exposed-immediate group and exposed-relaxation group
was still significant (MD = 1.680, p < 0.001).

Besides, the difference in the novelty of ideas generated by
participants among the four groups was not significant [F(3,
100) = 2.43, p > 0.1].

An inter-group ANOVA on the number, category, and novelty
of ideas in the total 20 min showed that there was a marginally
significant difference in the number of ideas generated among
four conditions [F(3, 100) = 3.283, p < 0.1/3, #* = 0.090,
1 — B = 0.736]. Furthermore, post hoc multiple comparisons

TABLE 2 | Post hoc multiple comparisons of ideas generated in last 10 min
(Experiment 3).

1 J MD P
Number Non-exposed Exposed- 1.79 0.009
immediate
Exposed-relax -0.69 0.292
Exposed-task 0.04 0.954
Exposed- Exposed-relax —2.48 0.000
immediate
Exposed-task -1.75 0.010
Exposed-relax  Exposed-task 0.73 0.266
Category Non-exposed Exposed- 1.10 0.020
immediate
Exposed-relax -0.58 0.209
Exposed-task 0.12 0.803
Exposed- Exposed-relax -1.68 0.000
immediate
Exposed-task -0.99 0.036
Exposed-relax  Exposed-task 0.69 0.132
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TABLE 3 | Post hoc multiple comparisons of ideas generated in total 20 min
(Experiment 3).

1 J MD P
Number Non-exposed Exposed- 1.61 0.136
immediate
Exposed-relax -1.60 0.131
Exposed-task -0.77 0.470
Exposed- Exposed-relax -3.21 0.0083
immediate
Exposed-task -2.38 0.029
Exposed-relax Exposed-task 0.83 0.431

showed that, after Bonferroni correction, participants in the
exposed-relaxation condition generated significantly more ideas
than did those in the exposed-immediate group (MD = 3.210,
p = 0.003). The results of ANOVA are listed in Table 3.

DISCUSSION

One of the goals of this paper is to further explore the
comprehensive impact of opinion exposure and evaluation
apprehension on the creation of collaborative ideas. The result
of Experiment lsupported the main effect and the interaction
effect of exposure to others’ ideas and evaluation apprehension
in group idea generation. We also tried to explore whether two
different incubation methods (relax/task conversion) had a
significant effect on reducing the negative impact of exposure
on group creativity and thus improving idea generation productivity.

Impact of Evaluation Apprehension and
Exposure to Others’ Ideas
Experiment 1 revealed that exposed groups generated fewer
ideas than did non-exposed groups, and their ideas included
fewer categories. This result may have appeared because, in
the process of social interaction in the cooperative innovation
group, if members saw the ideas of other members, they would
focus too much attention on others’ ideas, thus limiting their
scope of thinking and reducing the output of innovative ideas.
In this study, to elicit evaluation apprehension among
participants, the experimenter’s instructions prompted participants
to conduct external evaluations. The main effects of this
manipulation were significant. Further, in the presence of
evaluation apprehension, the number and categories of ideas
generated by the non-exposed and exposed groups decreased.
This finding is consistent with those of previous research, and
it evidences the presence of the negative impact of evaluation
apprehension on the groups innovative idea generation. It is
worth mentioning that the evaluation apprehension and exposure
to others’ ideas had an interaction effect on the number of
categories of ideas generated. This phenomenon can be explained
using the social impact theory mentioned earlier in this manuscript.
When the evaluation expectation is conducted in exposed groups,
the presentation of other members’ answers clearly conveys their
existence, thus virtually sharing the pressure of this evaluation.
This, in turn, weakens the negative impact of the evaluation
apprehension. Therefore, compared with non-exposed groups,

the reduction in innovation productivity was less severe in the
presence of evaluation apprehension in exposed groups.

Role of Incubation Interval

Experiment 2 explored possible measures to reduce the negative
effects of exposure and to improve groups creative output by
introducing two different incubation methods. By controlling
the exposure to ideas received by participants and simulating
a collaborative situation in the creative generation task,
Experiment 3 conducted a more rigorous experiment to verify
the results of Experiment 1 and 2.

The results of Experiment 2 showed that both incubation
methods increased the number and categories of ideas generated
by dyads in the last 10 min, supporting the positive effect of
incubation in collaborative idea generation. The difference
between the two methods was not significant, which means
that putting the problem aside and relaxing or performing
other tasks both promoted the generation of innovative ideas.
This result could be explained by selective forgetting hypothesis
(Smith and Blankenship, 1991). Participants’ attention would
be temporarily diverted when led to a break or interference
task, contributing to forgetting the irrelevant or redundant
ideas from the previous task. Thus, participants may generate
ideas from different perspectives after the incubation period.

In Experiment 3, there was no significant difference in
the number, category, and novelty of ideas generated by the
exposure and control groups in the first 10 min among four
conditions. This may indicate that participants’ ideas were
not affected by exposure to others’ ideas immediately. Despite
this, its role in the inhibition of innovative idea generation
appeared as the experimental time increased, especially in
the last 10 min. A comparison of the performance of the
four groups of participants in the last 10 min revealed that
the control, exposure-relaxation, and exposure-task groups
produced more ideas than the exposure-immediate group,
and their ideas included more categories, suggesting the
number and types of ideas produced were affected negatively
by exposure to others’ ideas, and this effect was more likely
to manifest later in the task. On the other hand, the present
study found that the incubation interval had a positive impact
on the number and type of ideas generated by participants,
which is consistent with the results of Experiment 2 and
findings of previous studies (Penaloza and Calvillo, 2012).

The number and types of ideas generated by the two
incubation groups were higher than those of the exposure-
immediate group in the total 20 min, but not significantly.
This may be due to the fact that the experiment was used
for thinking and suggesting that the experiment was only
20 min long, and cannot reflect enough utility. Subsequent
research can consider increasing the length of time to continue
to explore the effects of incubation.

CONCLUSION

In our daily life, collaborative idea generation is a widely used
working technique, which is often applied to the conceptual
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design group (Sutton and Hargadon, 1996), the research team
and various other forms of collaborative groups. However, the
productivity loss caused by collaborative idea generation is also
an ongoing concern of researchers. Based on the results of this
study, we speculate that when individuals work in a group, they
will: (1) pay too much attention to evaluation when surrounded
by people, resulting in evaluation apprehension and (2) tend to
conform to other group members, as well as fixate their ideas
on the existing ideas of others. Both of the points above will
limit individuals™ creativity and reduce the number and categories
of ideas. This kind of influence will finally result in productivity
deficits, which means that when people work together, they will
generate fewer ideas than work alone. Furthermore, this study
also tended to explore effective strategies to weaken the negative
effects. According to the results of Experiment 2 and Experiment 3,
we draw support from previous studies that relaxation and
interference task in the incubation interval significantly diminish
the negative effects of exposure to other people’s ideas.

In summary, this study focused on the social factors and
cognitive processes that influence collaborative idea generation
using the research paradigm of group creativity generation,
evaluation of concern induction, and incubation paradigm.
Additionally, this study explored the impact of perspective
exposure, evaluation apprehensions, and incubation intervals
on cooperative innovation productivity through three experiments.
The results showed that the second half of the group’s idea
generation with exposure and evaluation apprehension led to
a reduction in the number and type of ideas generated by the
groups. Further, these factors had an interaction effect on the
number of creative ideas generated. Compared to that in
participants with no exposure, in the case of exposure, the
impact of evaluation apprehension on the quantitative productivity
of cooperative innovation ideas was weak. The addition of
incubation intervals helped to increase innovation productivity,
suggesting that relax and task transitions are beneficial for
reducing the negative impact of exposure on idea generation.

LIMITATIONS AND PROSPECTS

Although this study explored the role of exposure to others’
opinions, evaluation apprehensions, and incubation intervals
on the generation of group innovation ideas, it had some
limitations. For instance, the example ideas presented to
participants in Experiment 3 were the most typical types of
ideas that emerged in the idea generation task in Experiment 1.
Therefore, future researchers can further explore the impact
of presentation of typical and atypical, or novel and
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Acute Stress Shapes Creative
Cognition in Trait Anxiety

Haijun Duan™, Xuewei Wang', Zijuan Wang'?, Wenlong Xue', Yuecui Kan', Weiping Hu**
and Fengqing Zhang*
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This study examined the cognitive mechanism underlying acute stress in creative cognition
among individuals with high and low trait anxiety. Specifically, cognitive inhibition was
assessed using the flanker task during acute stress. Fifty-two participants (26 with high
trait anxiety, 26 with low trait anxiety, with a mean age of 18.94 years) underwent stress
induction via the Trier Social Stress Test (TSST). They all completed the Alternative Uses
Test (AUT) and the Remote Associates Test (RAT) before and after the TSST. Biochemical
markers (salivary cortisol and salivary alpha amylase) were recorded at regular intervals.
The results showed that cognitive inhibition was influenced by trait anxiety and acute
stress. In low-trait anxious individuals after experiencing acute stress, there was a lack of
cognitive inhibition and they performed better in AUT (fluency), compared to before
experiencing acute stress, whereas high-trait anxious individuals showed a decreased
interference effect and reduced performance in AUT (fluency, flexibility, and originality). In
the RAT, there were shorter response times and increased accuracy after acute stress in
both high- and low-trait anxiety groups. Thus, we suggest that cognitive control, which
modulates changes in acute stress, influences creative cognition. These findings provide
evidence that inhibition control mediates the effect of stress on the creativity of individuals
with different trait anxiety.

Keywords: acute stress, creative cognition, Trier social stress test, alternative uses test, remote associates test

INTRODUCTION

Creativity has long been of great interest in a wide range of fields. People have the ability to
exert cognitive control over creativity (Beaty et al., 2014; Kenett et al., 2018). According to
controlled-attention theory, creative production depends on individuals’ ability to exert control
over their attention and cognition (Gilhooly et al., 2007; Beaty et al.,, 2016). Individuals high
in creative thinking tend to be able to dynamically change their level of control according to
the current task requirements (Gilhooly et al., 2007; Radel et al., 2010; Benedek et al., 2012).
However, our ability to control creativity is not always consistent, especially in the face of
suddenly occurring situations.

Stress is an unavoidable feature of modern life. Stress activates the sympathetic nervous
system (SNS) and hypothalamus-pituitary adrenal (HPA) axis. In human saliva, the activity
of the SNS and HPA can be measured by salivary alpha amylase (sAA) and salivary cortisol (sC),
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respectively (Kirschbaum and Hellhammer, 1989; Foley and
Kirschbaum, 2010). It is vital that individuals have the ability
to exert cognitive control in the face of stress—not doing so
may cause stress to impair functioning (Erskine et al., 2007),
causing serious distress and mental impairment (McNally, 2006;
Qureshi et al,, 2011; Cisler and Olatunji, 2012).

Previous literature has presented inconsistent results regarding
the association between stress and creativity. Some have found
that stress leads to a decrease in creativity (Beversdorf et al.,
1999; Probst et al, 2007; Byron et al, 2010; Lovelace and
Hunter, 2013; Duan et al, 2019; Wang et al, 2019), while
others found that it increased creativity (Baas et al., 2008;
Ohly and Fritz, 2010). Still others found a U-shaped relationship
between stress and creativity (Suedfeld and Vernon, 1965; Baer
and Oldham, 2006; Yeh et al, 2015). Meanwhile, trait anxiety
was usually considered as a stress-vulnerability factor (Eysenck
and Derakshan, 2011; Berggren and Derakshan, 2013; Ward
et al., 2017; Weger and Sandi, 2018).

Trait anxiety has been defined as the tendency of individuals
to experience frequent and high-intensity anxiety and worry in
the face of stressful situations (Spielberger, 1979). Hence, studies
could focus on highly anxious individuals, who are more prone
to anxiety in stressful situations. Additionally, these past studies
did not explore the cognitive mechanisms underlying how stress
affects creativity. As mentioned above, completing creative activities
and facing stress both require cognitive control. Thus, the core
mechanism underlying creative generation under stress may
be an executive control process, including the ability to inhibit
the influence of irrelevant information caused by stress. However,
this fascinating possibility remains to be addressed.

According to the Attentional Control Theory (ACT; Eysenck
et al., 2007), anxiety activates the stimulus-driven system and
reduces the goal-driven system (the crux of the ACT is that
we have two attentional systems: top-down, goal-driven
processing and bottom-up, stimulus-driven processing).
Individuals with high trait anxiety (HTA) appear to be more
affected by stimulus-driven processing and find it difficult to
suppress threatening stimuli from entering attention. Indeed,
in the face of threat stimuli, individuals with HTA show
more pronounced cognitive deficits, including weakened
dorsolateral prefrontal cortex (DLPFC) activity (Clarke et al.,
2014; Greening and Mitchell, 2015). Hence, individuals with
HTA appear to show both behavioral alterations and cognitive
deficits. Further research has revealed that anxiety affects the
processing efficiency of executive functioning (shifting, updating
and inhibition) when faced with threatening information (e.g.,
stress; Navarro et al., 2012; Edwards et al., 2015; Goette et al.,
2015; Fogelman et al,, 2016; Fonzo and Etkin, 2017). Thus,
anxiety is related to a diminished ability to inhibit threat
(Cisler and Koster, 2010).

A group of researchers suggested that acute stress may
affect core executive functions (Hermans et al., 2014; Shields
et al., 2016; Gu et al,, 2018), particularly inhibition control
(Shields et al., 2016). However, there are scant empirical
studies examining the effect of acute stress on inhibition
control in individuals with HTA and low trait anxiety (LTA).
Some indirect evidence from studies on cortisol and individual

differences in anxiety implied that anxiety-related personality
traits modulate cognitive control processes under stress
(Edwards et al., 2017). On the one hand, Grillon et al. (2017)
asked participants to perform inhibition tasks while under
threat of an electric shock, and found that increased anxiety
promoted inhibition control. Individuals needed to allocate
only a small amount of attentional resources to fully process
the task-related information (Chajut and Algom, 2003). They
explained the results using attention approach theory, positing
that HTA individuals may have more limited attentional
resources than LTA individuals, and thus their available
attentional resources may become exhausted quickly under
stressful conditions. On the other hand, according to the
ACT (Eysenck et al., 2007), HTA individuals could display
worse inhibition control under stress (Cisler and Koster, 2010;
Navarro et al., 2012; Edwards et al.,, 2015; Goette et al., 2015;
Fogelman et al., 2016; Fonzo and Etkin, 2017).

The relationship between cognitive inhibition and creativity
has been explored in relation to creativity. Researchers hold
that there are two types of creative thinking: convergent and
divergent thinking. Convergent thinking involves deriving a
single correct solution, while divergent thinking involves thinking
of as many potential solutions as possible. For convergent
thinking, high inhibitory control is necessary to prevent irrelevant
ideas from entering into working memory and helping individuals
focus on identifying solutions that meet the required standards
(Zhou et al., 2019). However, for divergent thinking, low
inhibition (involving automatic association and a lack of filtering
of seemingly irrelevant information) may actually facilitate
generation of creative ideas (Chrysikou et al., 2014; Barr et al.,
2015; Radel et al, 2015; Beaty et al, 2016; Hao et al., 2016;
Kenett et al., 2018).

The present study drew on previous research topics involving
the complex interaction between cognitive control, stress,
and creativity, with a particular focus on individual differences
in trait anxiety. To date, no study has considered all four
of these variables together. The present study examined the
relationships among trait anxiety, acute stress, and inhibitory
control using a version of the flanker task. Trait anxiety
was operationalized using the Chinese version of the trait
anxiety portion of the State-Trait Anxiety Inventory (STAL
Spielberger et al., 1983; Shek, 1993). Acute stress was induced
using the Trier Social Stress Test (TSST) (Kirschbaum et al.,
1993; Kudielka et al., 2007). This procedure allowed us to
investigate whether trait anxiety under stress affects individuals’
ability to exert inhibitory control to influence creative
performance outcomes. To summarize, we explore the
difference in creativity between HTA and LTA individuals
who underwent a stressful situation, and determined if
inhibitory control mediated the effect of acute stress on
creativity. To this end, two hypotheses were formulated: (1)
if acute stress impairs inhibitory control processes, HTA
individuals will present better divergent thinking performance
and worse convergent thinking performance; (2) if acute
stress does not impair inhibitory control processes, HTA
individuals will present worse divergent thinking performance
and better convergent thinking performance.
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MATERIALS AND METHODS
Subjects

Initially, 713 undergraduate students from Shaanxi Normal
University (pre-test) completed the Chinese version of the
STAIL Based on their scores, we chose individuals for the
HTA group (upper 27th percentile of the distribution) and
LTA group (lower 27th percentile). In the present study,
we invited 52 individuals, including 26 HTA individuals
(M, = 18.46 years, SD = 0.89) and 26 LTA individuals
(M, = 19.42 years, SD = 1.31), to participate. An independent-
samples f-test revealed that the HTA group had higher trait
anxiety scores (M = 55.42, SD = 5.85) than did the LTA
group (M = 3558, SD = 8.04) at pre-test, #(50) = —-9.976,
p < 0.001. We applied the following criteria when selecting
these participants. We excluded those with a body mass index
(BMI) below 18 or exceeding 27 kg/m?* those engaged in
drug use; those who regularly consumed coffee or alcohol;
and those with chronic or acute illnesses. Furthermore,
participants were advised to refrain from physical exercise and
consumption of food and drinks, except water, 3 h before the
test sessions began (Kuhlmann et al, 2005; Kudielka et al.,
2009). Female participants were not menstruating. The
experiment was conducted from 2:00 pm to 5:00 pm owing
to the circadian rhythms (Izawa et al, 2010). The study
conformed to the principles of the Declaration of Helsinki
(World Medical Association, 2013) and was approved by the
Academic Committee of the Ministry of Education of Key
Laboratory of Modern Teaching Technology, Shaanxi Normal
University in China. All participants provided written informed
consent after the procedures were fully explained, and were
paid for their participation in the study.

Experiment Procedure

To control for individual differences, this study used a mixed
design, with time of measurement (pre-test, post-test) as a
within-subjects factor (McHugh et al., 2010) and group (HTA,
LTA) as the between-subjects factor. The dependent variable
of this experiment was performance on two creative thinking
tasks: the Remote Association Test (RAT) and the Alternative
Uses Test (AUT). The indicators selected for the RAT were
response time and accuracy, and those for the AUT were
fluency, flexibility, and originality. The overall procedure was
as follows: the first salivary sample (S1) was collected on
participants’ arrival at the laboratory. Subsequently, they
completed a questionnaire on their demographic information,
followed by the STAI The subjects were allowed to relax for
15 min before the second salivary sample (S2). Participants
in the HTA and LTA groups then completed the pre-test tasks
(flanker and creative tasks) for 15 min, and the TSST for
10 min. After the TSST, the third salivary sample (S3) was
taken. Then, all participants performed the post-test tasks
(flanker and creative tasks). The order of the creative tasks
was counterbalanced across participants. The AUT and RAT
were administered via a computer using the E-Prime 2.0 software
(Psychology Software Tools, Inc., Sharpsburg, Pennsylvania,
USA) (see Figure 1).

Stress Task

According to the procedure of the TSST (Kirschbaum et al.,
1993; Kudielka et al., 2007), participants were asked to create
a 5-min interview speech for applying to college, which they
would deliver to a panel of college counselors. They were given
3 min for preparation. The panel consisted of two experimenters.
If a participant’s speech did not reach the full 5 min, they had
to answer questions given by the experimenters until the full
5 min had passed. Finally, participants were asked to orally
report answers to arithmetic problems (they had to subtract
increments of 17 from 2023) as quickly and as accurately as
possible for 5 min. When they made an error, the experimenter
interrupted and instructed the participant to start over at 2023.
The entire stress task was recorded with a digital video camera.
Experimenters maintained a cold and reserved manner throughout.

Flanker Task

The flanker task measures individuals’ ability to selectively
attend to a target and ignore distractors (Eriksen and Eriksen,
1974). According to Friedman and Miyake (2004), inhibitory
control has at least two components: inhibition of the dominant
response and prevention of distracting interference. Compared
to other inhibition tasks, the flanker task is considered to best
reflect an individual’s ability to engage in inhibition control
(Redick and Engle, 2006; Shields et al.,, 2016). In the flanker
task, a central arrow (1.48° x 0.82°) was flanked by two
distractor arrows, which were kept at a distance of 0.16°. The
distractor arrows were pointed either in the same (i.e., congruent
trial) or opposite directions (i.e., incongruent trial) as the
central target arrow. A fixation cross was displayed for 1,200 ms.
After presenting a black screen for 500-1,000 ms, the arrow
flanker task was presented for 1,500 ms or until a response
was obtained. After presenting a black screen for 1,000 ms,
the next flanker task began. Overall, participants completed
100 flanker trials. The flanker-interference effect (Eriksen and
FEriksen, 1974) was defined as the difference in reaction times
under the incompatible and compatible conditions (a greater
difference indicates more interference).

Creative Task

The AUT was selected to measure divergent thinking. Participants
were given 2 min per object to verbalize as many uses as
they could. Two lists of objects were used for each experimental
session (pre-test: bucket, shoe, newspaper; post-test: umbrella,
can, paperclip) (Radel et al., 2015). The order of the lists was
randomized. According to Guilford (1950), the test is scored
in terms of fluency, flexibility, and originality. The fluency score
was calculated as the number of responses; the flexibility score
as the number of categories of responses; and originality as
the frequency of occurrence of a given response among the
participants. A response frequency percentage of less than 1%
was given a score of 2; a frequency between 1 and 5% was
given a score of 1; and a frequency of more than 5% was
given a score of 0 (Radel et al., 2015). Two experienced creative
field coders rated participants’ responses. They had satisfactory
inter-rater reliability (Cronbach’s alphas: 1 for fluency, 1 for
originality, 0.872 for flexibility).
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FIGURE 1 | Schematic illustration of the procedure. Saliva from the participants was collected at five time points (=15, 0, 15, 25, and 40 min in relation to the onset
of the stressful task). After a rest phase, participants performed Flanker task and creative tasks (AUT and RAT) before and after the TSST.
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For convergent thinking, we used the updated Chinese
Compound RAT, compiled by Xu et al. (2015) (cf. Bowden
and Jung-Beeman, 2003). Each problem in this test consists
of three words chosen from the Modern Chinese Frequency
Dictionary (1986). High-frequency words (mean frequency:
4,981.6 per million) were used to ensure that participants would
understand them. Based on a preliminary test, 135 items were
selected. From these, we selected 40 items for which the solution
rates ranged from 40 to 65%. Twenty items were used for the
pre-test and 20 for the post-test. This selection of Chinese
Compound RAT problems had satisfactory internal consistency
(Cronbach’s & = 0.897) and criterion validity. The solution rate
was 66%, and the average response time was 3.79 s. The
experiment was compiled using the E-prime program. Five
items were used in a practice experiment. At the beginning
of each trial, a 500-ms fixation is displayed at the center of
the screen. Participants must press the space bar and immediately
enter the RAT item in the next screen; then, they must think
of an answer and say it aloud immediately after pressing the
space bar. The screen automatically records the answer spoken
by the participant and presents the correct answer. Finally,
participants are asked to judge the answer displayed on the
screen. If the correct answer is consistent with the answer
spoken, they should press Q; if not, they should press P. If
after 15 s, the participant is still not able to determine the
answer, the program skips to the next question. A random
interval of 100-500 ms is presented between two items.

Physiological Measures

The participants deposited salivary samples at —15, 0, 15 min
(T2), 25 min (T3), and 40 min (T4) after the stress task. To
control for stress induced by lab environment in subjects, the
lower of the two samples between the first sample and the
second sample was chosen as the baseline (T1) (McHugh et al.,
2010). Saliva was collected using Salivettes® (Sarstedt 51.1534.500,
Germany). All saliva samples were stored at —22°C and then
thawed and centrifuged at 3000 rpm. The cortisol concentration
and salivary alpha amylase were determined by enzyme
immunoassay (Jianglai, China).

RESULTS

The physiological data, flanker task, and creativity scores were
analyzed using univariate analysis of variance (ANOVA) with
group (HTA, LTA) as the between-subjects factor and time
(measurement time points) as within-subject factor. The ANOVA
tested for the main effects of trait anxiety and presence/absence
of stressor and their interaction. The Greenhouse-Geisser

correction for non-sphericity was performed wherever
appropriate. Bonferroni corrections were used to control for
multiple comparisons. Partial-eta? (1712, ) is reported as a measure
of effect size. Descriptive statistics and correlation analysis were
conducted using SPSS.

Physiological Results

For salivary cortisol, a repeated measurement ANOVA with
the within-subject factor of time (T1, T2, T3, and T4) and
between-subject factor of group (HTA and LTA) was computed
with the salivary cortisol data to examine the effect of
stress on salivary cortisol with high- and low-trait anxiety
individual. ANOVA revealed a significant main effect of time,
F(3,150) = 123.55, p < 0.001, 77[2, = 0.712, and a significant
main effect of group, F(1,50) = 7.75, p < 0.001, 15 = 0.134.
The HTA group (M = 7.45, SD = 2.23) was lower than the
LTA (M = 8.36, SD = 1.77) group in salivary cortisol. The
results also revealed a time x group interaction, F(3,48) = 6.88,
p < 0.001, nf, = 0.301. Bonferroni-corrected simple-effects
tests at each time point revealed that the two groups
showed significantly lower cortisol at T1 than at each of
the subsequent times, (p < 0.001). Otherwise, compared with
group difference in every time, the HTA group was significantly
lower than the LTA group at T1 (p < 0.001) and T2 (p < 0.05)
(see Figure 2).

For salivary alpha amylase, a repeated measurement ANOVA
with the within-subject factor of time (T1, T2, T3, and T4)
and the between-subject factor of group (HTA and LTA) was
computed for the salivary alpha amylase data to examine the
effect of stress on salivary alpha amylase with high- and low-trait
anxiety individuals. ANOVA revealed a significant main effect
of time, F(3,150) = 114.16, p < 0.001, 13 = 0.695, and a
significant main effect of group, F(1,50) = 63.50, p < 0.001,
17}2, = 0.599. The HTA group (M = 133.34, SD = 42.77) was
lower than the LTA group (M = 164.27, SD = 26.61) in salivary
alpha amylase. The results also revealed a time x group
interaction, F(3,150) = 22.568, p < 0.001, 1712, =0.311. Bonferroni-
corrected simple-effects tests at each time point revealed that
the two groups showed significantly lower cortisol at T1 than
at each of the subsequent times (p < 0.001). Furthermore,
compared with group difference in every time, the HTA group
was significantly lower than the LTA group at T1, T2, and
T3 (p < 0.001) (see Figure 3).

Flanker Interference Effect Results

Descriptions of mean response times and error rates in the
flanker task in the pre-test and post-test for the LTA and
HTA groups are shown in Table 1. When analyzing the response
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180 SD = 40.21) was significantly slower than post-test (M = 53.41,

] SD = 32.24), p = 0.006, while the LTA group’s pre-test (M = 54.19,

160+ SD = 32.25) was significantly faster than the post-test (M = 88.49,
140 SD = 43.35), p = 0.001 (see Table 1).

120 For the interference effect in error rate, ANOVA only yielded

] a significant main effect of measurement (pre-test and post-

100 test); F(1,50) = 5.65, p = 0.021, 7712, = 0.102. Post-test (M = 0.020,
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FIGURE 2 | Mean salivary cortisol (nmol/L) as a function of time (minutes
following intervention onset) for the stress. Error bars represent standard
errors of the means.
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FIGURE 3 | Mean salivary alpha amylase (U/ml) as a function of time
(minutes following intervention onset) for the stress. Error bars represent
standard errors of the means.

times and error rate, extreme values of three standard deviations
were excluded. Repeated measures ANOVAs with the within-
subject factor measurement (pre-test and post-test) and the
between-subject factor of group (HTA and LTA) were computed
for the interference effect on response time and error rate.
For interference effect in RTs, ANOVA vyielded a significant
interaction effect of group and measurement, F(1,50) = 20.38,
p < 0.001, 7712, = 0.290. However, the main effect on group
and measurement was insignificant (p > 0.05). Bonferroni-
corrected simple-effects tests revealed that the HTA group
(M = 81.13, SD = 40.21) was significantly slower than the
LTA group (M = 54.19, SD = 32.25) in pre-test, p = 0.010.
Nevertheless, the HTA group (M = 53.41, SD = 32.24) was
significantly faster than the LTA group (M = 88.49, SD = 43.35)
in post-test, p = 0.002. The HTA group pre-test (M = 81.13,

SD = 0.013) showed significantly lower score than the pre-test
(M = 0.079, SD = 0.036), while the main effect on group and
the interaction effect between group and measurement were
insignificant (p > 0.05) (see Figure 4).

Creativity Results

Repeated measures ANOVAs for the within-subject factor
measurement (pre-test and post-test) and between-subject factor
of group (HTA and LTA) was computed for the AUT (fluency,
flexibility, and originality) and RAT (response time and accuracy)
to examine the effect of stress on creativity with high- and
low-trait anxiety individuals.

For fluency of AUT, the results only revealed a significant
time X group interaction, F(1,50) = 16.29, p < 0.001, 77127 = 0.245.
Bonferroni-corrected simple-effects tests revealed that the HTA
group (M = 20.69, SD = 8.13) showed significantly more fluency
than the LTA group (M = 13.69, SD = 4.86) only in post-test,
p < 0.001. Interestingly, compared with group difference in pre-
and post-test, the HTA groups (M = 13.69, SD = 4.86) pre-test
result was significantly lower than that of the post-test (M = 16.89,
SD = 5.78), p = 0.005, whereas the LTA group scored significantly
higher in pre-test (M = 20.692, SD = 8.13) than post-test
(M = 17.65, SD = 6.56), p = 0.008. For AUT (flexibility, the
results revealed a significant time x group interaction,
F(1,50) = 17.70, p < 0.001, 1712, = 0.261. Bonferroni-corrected
simple-effects tests revealed that the HTA group (M = 9.50,
SD = 3.05) showed significantly lower flexibility than the LTA
group (M = 13.88, SD = 4.43) in the post-test, p < 0.001.
Compared with group difference in pre- and post-test, HTA
group’s pre-test score (M = 11.65, SD = 3.87) was significantly
larger than that of their post-test (M = 9.50, SD = 3.05),
p = 0.006, whereas the LTA group scored (M = 11.62, SD = 5.12)
significantly lower in pre-test than post-test (M = 13.89,
SD = 443), p = 0.004. For AUT originality, the results also
revealed a si§niﬁcant time x group interaction, F(1,50) = 6.36,
p = 0.015, i, = 0.113. Bonferroni-corrected simple-effects tests
revealed that the HTA group (M = 10.88, SD = 5.55) showed
significantly less originality than the LTA group (M = 18.46,
SD = 10.39) in post-test, p = 0.002. Compared with group
difference in pre- and post-test, HTA group’s score in pre-test
(M = 14.04, SD = 7.61) was significantly higher than in post-
test (M = 10.88, SD = 5.55), p = 0.025 (see Figure 5).

For the accuracy of the RAT, there was a significant main
effect of time (pre-test and post-test), F(1,50) = 7.02, p = 0.011,
77[2, = 0.123. The pre-test accuracy score (M = 51.54, SD = 14.30)
was significantly lower than the post-test accuracy score
(M = 57.60, SD = 15.03). The results showed a significant
group effect, F(1,50) = 11.11, p = 0.002, 1712, = 0.182. The
HTA group scored (M = 49.42, SD = 14.27) significantly higher
than the LTA group (M = 59.71, SD = 13.84). There was no
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TABLE 1 | Mean and standard deviations of response time (ms) and error rate (%) for flanker tasks pre and post stress for the LTA and HTA.

Congruence Incongruence Interference effect
Pre-test Post-test Pre-test Post-test Pre-test Post-test

- LTA 504.99 (80.86) 466.13 (87.54) 550.18 (78.87)  554.63 (101.61) 5419 (32.25) 88.49 (43.35)

HTA 574.16(111.34) 55823 (103.08)  655.29 (112.16)  611.65 (107.31) 81.13 (40.21) 53.41 (32.24)

LTA 0.0054 (0.0190)  0.0054 (0.0190)  0.0788 (0.1384)  0.0300 (0.0763)  0.0735 (0.1429)  0.0246 (0.0782)

ER HTA 0.0296 (0.0450) 0.0162 (0.0301) 0.1150 (0.2243) 0.0323 (0.0494) 0.0854 (0.2320) 0.0162 (0.0636)
lower than the post-test score (M = 5610.49, SD = 1435.86)

Crat (see Figure 6).

120 4 s To further verify whether there was a mediating mechanism
1 . in the process of stress affecting creativity using the
100 - - PR S bootstrapping method using PROCESS (Hayes, 2013) among
= ] E— 1 flanker performances (model 4) (Preacher and Hayes, 2008).
g 804 i The 95% bias-corrected confidence interval (CI) was examined
3 | based on 1,000 bootstrap samples. The area under the curve
s 60 \ i with respect to increase (AUCi) was calculated using the
8 I trapezoidal method for HTA and LTA groups. Pruessner et al.
§ 0 ] I (2003) pointed out that the method represented time-related
& M \ changes and overall intensity of said changes in salivary
i; 1 cortisol and salivary alpha amylase levels. We performed
= 204 z-transformed AUCi in sC and sAA data because of the
1 individual differences in biological markers (sC and sAA),
0 which were considered independent variables (sAAAUC;;

pre-test post-test

FIGURE 4 | Interference effects (i.e., incongruent-congruent) on response
time (a) pre- and post-TSST, for the HTA and LTA groups. Error bars represent
standard errors of the means. **p < 0.01.
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FIGURE 5 | Mean and standard deviation for Alternative Uses Test scores
for the HTA and LTA groups. Error bars represent standard errors of the
means. **p < 0.01, ***p < 0.001.

interaction effect between measurement and group. For the
RAT response time, the results showed a main effect of time
(pretest and posttest), F(1,50) = 5.00, p = 0.030, 7112: = 0.091.
The pre-test score (M = 6174.26, SD = 1513.66) was significantly

sCAUCI). The changes in creative task performances were
considered dependent variables (fluency, flexibility, and
originality of the AUT; response time and accuracy of the
RAT) and changes in flanker task performances were considered
mediator variables (reaction time (FRT) and error rate
interference effect (FEI) of flanker); meanwhile, the baseline
of flanker and creative task performances were considered
control variables. Table 2 presents the correlations among
all variables.

Results only showed that cognitive inhibition (reaction time
interference effect of flanker) mediated the effect of stress
(AUCi for sAA) on creativity (fluency of AUT), with an estimate
of 0.59 and a 95% bootstrap CI of 0.0061-1.4137 (see Table 3,
Figure 7). Based on this result, we claimed that cognitive
inhibition was related to pre-post creativity performance
(divergent thinking) in both HTA and LTA groups. Furthermore,
this result supported the above results that the increase in
inhibition control was associated with significantly decreased
divergent thinking performance of the HTA group, while
decrease in inhibition control was associated with significantly
increased divergent thinking performance of the LTA group.

DISCUSSION

The present study examined the mechanism underlying the
effect of acute stress on creative thinking, and to what extent
this mechanism is influenced by individual differences in trait
anxiety. We found higher levels of salivary cortisol and salivary
alpha amylase after the TSST, indicating that participants
experienced robust activation of the HPA and SNS.

Frontiers in Psychology | www.frontiersin.org

August 2019 | Volume 10 | Article 1517


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Duan et al.

Stress, Creativity, and Anxiety

[ ]
NN

pre-test

means. *p < 0.05.

FIGURE 6 | Mean accuracy (A) and response time (B) for the Remote Associates Test or for the HTA and LTA groups. Error bars represent standard errors of the
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TABLE 2 | Correlation coefficients between biological, Flanker and creative performance.

Variables 1 2 3 4 5 6 7 8 9
1. sCAUCI - 0.312* -0.111 -0.282* -0.178 0.016 0.108 0.031 -0.192
2. sAAAUCI - -0.521* -0.480* —0.433** -0.1588 -0.037 -0.238 -0.234
3. Fluency - 0.755** 0.668** -0.032 0.249 0.165 0.234
4. Flexibility - 0.741* 0.103 0.115 0.299** 0.115
5. Originality - 0.073 0.069 0.182 0.039
6. RT - -0.295* 0.225 -0.048
7. ACC - 0.102 0.025
8. FRT - -0.078
9. FEI -
*p < 0.05 *p <0.01.
TABLE 3 | Mediation results presented based on 1,000 bootstrap resamples.
Direct Path a Path b Indirect effect
effect ¢
FRT -0.94 11.61* 0.05* 0.59 (0.0061-1.4137)" 0.00‘6
£

Adjusted coefficients with 95% confidence intervals. *Indicates a 95% confidence
interval that does not include 0. FRT represents the reaction time interference effect for
Flanker task. *p < 0.05.

These results were in keeping with previous research, indicating
that these two effects are likely due to different neural
mechanisms, including the slowly increasing and persistent sC
responses during HPA activation and the sAA responses during
SNS system activation (Kirschbaum and Hellhammer, 1989;
Foley and Kirschbaum, 2010). It is understandable that cognitive
tasks (Flanker and creative task) also induced the increase in
biological indicators in that cognitive stressors could produce
subjective and objective stress effects (MacLeod, 1991; Renaud
and Blondin, 1997). In present study, it is important to note
that individuals were exposed to robust and reliable stress
situation whatever the stress was induced by stress task or by
the creative task itself.

One interesting finding was that the HTA group had lower
salivary cortisol and salivary alpha amylase than the LTA
group. This was consistent with earlier observations, which
showed that HTA individuals (who have a relatively low
baseline compared with the LTA group) often experience stress

b

c
0.94

FIGURE 7 | Mediation analyses of cognitive inhibition on the relationship
between stress and creativity. Learning stress served as independent variable.
Path a is the effect of stress on the proposed mediator, while path b
represents the effect of the mediator on creativity. Path ¢’ shows stress’s
direct effect on creativity. Stress using the indictor of SAAAUCI; inhibition, FRT;
creativity, fluency. Result presented here is based on 1,000 bootstrap
samples. *p < 0.05.

in daily social life. This was in line with another study showing
that individuals with social anxiety disorder had a decreased
cortisol baseline to stress (Elzinga et al., 2010). One possible
explanation was that HTA individuals might initially present
increased adrenocortical activity, leading to activation of
chronicity compensatory mechanisms, gradually resulting in
the attenuation in cortisol (Steudte et al., 2011). The repeated
exposure to stress then results in habituation reactions,
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thereby reducing the individual HPA axis response level
(Schommer et al., 2003; Shirotsuki et al., 2009). LTA individuals
(who have a relatively high baseline compared with the LTA
group), on the other hand, might be more effective in responding
to environmental threats owing to their higher cortisol secretion
(Villada et al., 2016).

As for the RT interference effect, compared with the LTA
group, the HTA group showed worse inhibition control ability
before stress, but significantly better inhibition control after.
This was consistent with the ACT, which explains that HTA
reduces inhibitory control compared with LTA (Eysenck et al.,
2007). More importantly, under a stress manipulation, we saw
a reduction in interference, whereas LTA individuals showed
an increase due to induced anxiety. Combined with the theory
of social promotion (Baron, 1986), individuals under stress
could narrow the scope of attention and pay closer attention
to the target information without distractors because these
individuals had no remaining resources to deal with irrelevant
information (Chajut and Algom, 2003).

For creative thinking performance, the mediation analysis
showed that the increase in inhibition control was associated
with significantly decreased divergent thinking performance
in the HTA group, while a decrease in inhibition control
was associated with significantly increased divergent thinking
performance in the LTA group. These results partially supported
the hypothesis and were consistent with previous observations,
which indicated that anxiety traits modulate biological
responses related to cognitive control and representation of
cognitive improvement in individuals with HTA under stress
(Sehlmeyer et al., 2010). However, the mediation analysis
indicated no significant effects of inhibition control on
convergent thinking.

According to the ACT, HTA might not decrease effectivity
under certain conditions, thereby enabling HTA individuals
to recruit additional processing resources to match those of
LTA individuals (Eysenck and Derakshan, 2011; Berggren and
Derakshan, 2013; Ward et al., 2017). In our study, HTA enhanced
top-down processing and thereby hampered divergent thinking.
For LTA, the decreased influence of bottom-up automatic
processes was more helpful in associating remote ideas during
the divergent thinking task (Chrysikou et al., 2014; Barr et al,,
2015; Beaty et al., 2016; Hao et al., 2016; Kenett et al., 2018).
The finding indicated that the trait anxiety moderates the effect
of inhibition control on creativity under stress. The effect of
inhibition on creativity also differed with the type of creativity.
In other words, a low-inhibition state would enable individuals
to obtain potentially useful information in a semantic network
through a free association for divergent thinking; however,
such a state would cause more distraction, hampering convergent
thinking (Eysenck, 1995; Radel et al., 2015).

However, it was surprising that the HTA and LTA groups
did not significantly differ in their RAT performance. Our
study revealed that there was a shorter response time and a
higher accuracy rate after stress in both trait anxiety groups.
In the RAT, which is a measure of convergent thinking, stress
induction was associated with higher accuracy and shorter
reaction times. One possible explanation is that acute stress

could increase individual dopamine levels (Robbins and Arnsten,
2009), which might help to facilitate creative problem-solving,
such as the RAT (Cristofori et al., 2018). Besides, the problem
solution for RAT could involve analytical strategies and insight
strategies (Kounios and Beeman, 2014). In negative affect state,
people are inclined to use analytical strategies and perform
higher accuracy in high negative affect compared to relatively
low negative emotions (Shen et al, 2019). Stress is usually
accompanied by a relatively higher negative affect which prompts
individuals to apply more analytical strategies to facilitate
convergent thinking.

FUTURE DIRECTIONS

Creative cognition involves recruitment of working memory
(Chuderski and Jastrzebski, 2017, 2018), inhibition (Radel
et al., 2015; Teng et al., 2018), and cognitive flexibility (Miiller
et al,, 2016). Our findings indicated that acute stress impaired
inhibitory control in LTA individuals but increased inhibitory
control in HTA individuals. However, the mechanism
underlying the effect of stress was no doubt very complex.
Numerous studies showed that activation of the HPA axis
was considered to have a significant impact on executive
function (working memory, inhibition, and cognitive flexibility).
Increased cortisol also could impair working memory (Shields
et al,, 2015), reduce cognitive inhibition, and increase response
inhibition (Shields et al., 2016). In terms of cognitive flexibility,
the general conclusion was that stress impaired cognitive
flexibility (Alexander et al., 2007; Shields et al., 2016). Recent
research has shown that HPA axis activation reduces switching
flexibility but increases individual flexibility (Goldfarb et al.,
2017). To better understand the role of cognitive control in
creative thinking, we need a deeper understanding of the
relationship between executive control components and
acute stress.

We also found individual differences in creativity under
stress. Future research should focus next on individuals with
high and low creativity (Beaty et al., 2018), which would enable
the assessment of brain functional connectivity as a predictor
of individual creative ability under acute stress.

CONCLUSION

The results showed that cognitive inhibition was influenced
by trait anxiety and acute stress. Compared to before experiencing
acute stress, there was a lack of cognitive inhibition in LTA
individuals and they performed better on the AUT (fluency)
after acute stress. HTA individuals, on the other hand, showed
a decreased interference effect and reduced performance in
the AUT (fluency, flexibility, and originality). In the RAT, there
were shorter response times and increased accuracy after acute
stress in both trait anxiety groups.

Thus, the findings suggest that cognitive control, which
is modulated by changes in acute stress, influences creative
cognition. The findings also indicated that acute stress can

Frontiers in Psychology | www.frontiersin.org

August 2019 | Volume 10 | Article 1517


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Duan et al.

Stress, Creativity, and Anxiety

be influenced by anxiety, thus highlighting the crucial relation
between creative cognition, acute stress, and individual
differences.
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