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The threshold hypothesis is a classical and notable explanation for the relationship
between creativity and intelligence. However, few empirical examinations of this theory
exist, and the results are inconsistent. To test this hypothesis, this study investigated
the relationship between divergent thinking (DT) and intelligence with a sample of 568
Chinese children aged between 11 and 13 years old using testing and questionnaire
methods. The study focused on the breakpoint of intelligence and the moderation effect
of openness on the relationship between intelligence and DT. The findings were as
follows: (1) a breakpoint at the intelligence quotient (IQ) of 109.20 when investigating
the relationship between either DT fluency or DT flexibility and intelligence. Another
breakpoint was detected at the IQ of 116.80 concerning the correlation between
originality and intelligence. The breakpoint of the relation between the composite score
of creativity and intelligence occurred at the IQ of 110.10. (2) Openness to experience
had a moderating effect on the correlation between the indicators of creativity and
intelligence under the breakpoint. Above this point, however, the effect was not
significant. The results suggested a relationship between DT and intelligence among
Chinese children, which conforms to the threshold hypothesis. Besides, it remains
necessary to explore the personality factors accounting for individual differences in the
relationship between DT and intelligence.

Keywords: divergent thinking, intelligence, the threshold hypothesis, creativity, openness to experience

INTRODUCTION

Creativity is recognized as the ability to generate ideas or products with novelty and usefulness
(Mumford, 2003; Plucker et al., 2004). This ability has often been considered a key competency
of a member of society with significant value to social progress (Jauk et al., 2015). According
to Guilford (1967), the core of creativity is divergent thinking (DT), which is the ability of an
individual to generate as many answers as possible to a problem. As a result, DT tasks have long
been employed to evaluate people’s creativity (Sayed and Mohamed, 2013), and DT tests have
become the most popular psychometric assessment tools in creativity research fields (Acar and
Runco, 2014). Previous studies indicate that tests of DT are reliable and valid predictors of certain
creative performance criteria, although they do not guarantee actual creative achievement (Runco
and Acar, 2012). They are effective measurements to assess creative ability (Colzato et al., 2012). As
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one of the most well-constructed tests to assess creativity (Zhu
et al., 2013), the Torrance Test of Creative Thinking (TTCT) is
often employed in studies, including this study.

Intelligence as a strong predictor of educational and
occupational achievements has been investigated for more than
100 years. According to the construct introduced by Cattell
(1963), general crystallized intelligence (Gc) and general fluid
intelligence (Gf) are two central constructs in the concept of
intelligence. Gc represents the breadth and depth of a person’s
knowledge and abilities to use this knowledge. Conversely, Gf
represents the ability to employ a type of mental operation to
independently reason and solve novel problems; it does not
benefit from acquired experience (Sawyer, 2012). Gf is critical
for an extensive variety of cognitive activities and is considered
to be one of the most important aspects in the learning process.
It is closely related to success of career and life, especially in the
contemporary complex social environments (Jaeggi et al., 2008).
Among many of the evaluation tools, the Raven’s Progressive
Matrices (RPM) is one of the most extensively employed tests
(Zhang and Wang, 1989). This test seeks to directly measure
the general cognitive ability or educative ability, which is the
ability to make meaning out of confusion and to make rational
judgments (Raven, 2000), and provide an evaluation of non-
verbal ability. Many studies use Raven’s Standard Progressive
Matrices (RSPM) to measure fluid intelligence (Bilker et al., 2012;
Downey et al., 2014); this measurement shows high reliability
and validity. In this study, we also employ RSPM to assess fluid
intelligence.

As two important components of giftedness, creativity and
intelligence are both individual differences that explain why a
person has higher potential than others to generate solutions
to problems (Sternberg, 2008). Creativity enables people to
think about things in a novel manner and facilitate the
development of civilization, whereas intelligence helps people
solve problems in a logical manner. Over the last six decades,
intelligence has received substantially more academic attention
than creativity (Batey et al., 2010). However, the relationship
between creativity and intelligence remains unclear (Kaufman
and Plucker, 2011).

According to Sternberg and O’Hara (1999), five types of
possible relationships between creativity and intelligence exist:
the former is a subset of the latter; the latter is a subset of the
former; both variables are overlapping sets; both variables are
fundamentally the same (coincident sets); and both variables
are unrelated (disjoint sets). Considering that the last two types
of relationships (coincident and disjoint sets) are very rare
(Plucker et al., 2015), the remaining three relationships should
be carefully scrutinized. Guilford’s (1967) work on the structure
of the intellect (SOI) implies that creativity is a subset of
intelligence; he considered DT as one of the cognitive operations
in the SOI model. Sternberg’s (1997) theory of successful
intelligence included creative intelligence as one of the three
intelligence components (the remaining two components were
analytical intelligence and practical intelligence). Conversely,
Amabile’s (1996) componential theory of creativity insists that
creativity requires three components: domain-relevant skills
(which include intelligence), creativity-relevant skills, and task

motivation. Similarly, Sternberg and Lubart’s (1992) investment
theory of creativity considers intelligence to be one of six
necessary elements that help to produce creativity. The third
relationship between creativity and intelligence is that the two
constructs have some overlapping sets and differences. According
to the three-ring theory of giftedness proposed by Renzulli
(1978), a gifted individual has both high intellectual ability and
high creativity; intelligence and creativity significantly overlap in
this meaning. All previously mentioned theories indicate a close
relationship between intelligence and creativity. Therefore, the
focus is how the two variables are related (Plucker and Renzulli,
1999).

Of all explanations, the threshold hypothesis (Getzels and
Jackson, 1962; Guilford, 1967; Fuchs-Beauchamp et al., 1993)
is a classical and notable hypothesis. According to this theory,
the relationship between creativity and intelligence may vary at
different levels of intelligence. Guilford and Christensen (1973)
assumed a break in the correlation data between intelligence
quotient (IQ) and creativity at an IQ level of approximately 120.
Below an IQ level of 120, a correlation between IQ and creativity
is observed, whereas no correlation is observed at IQ levels above
120. The basic idea of the threshold hypothesis means that high
creativity requires high intelligence or above-average intelligence.
Above-average intelligence is considered to form a necessary but
insufficient condition for high creativity (Guilford, 1967). People
with intelligence below average intelligence have little chance of
being very creative; those with intelligence above the threshold
may have the potential of high creativity but it is not related to
their IQ level.

As Plucker et al. (2015) suggested, many theoretical
treatments of the creativity-intelligence link exist compared
with few empirical studies. Among them, only a few in fact
have systematically examined the threshold hypothesis and
conclusions are inconsistent (Runco, 1991). Through the study
of a gifted sample, Barron (1963, 1969) observed intelligence
had no significant correlation with creativity but a significant
correlation did exist in a sample of average intelligence. Schubert
(1973) and Weinstein and Bobko (1980) discovered that the
relationship between intelligence and creativity varies with
different levels of IQ and intelligence has a weaker correlation
with creativity in the top half of the intelligence range than in the
bottom half of the intelligence range. In addition, with a sample
of 338 gifted (IQ ≥ 130) and 220 non-gifted (IQ < 130) 7.8–
14-year-old children, Guignard et al. (2016) indicated that the
threshold effect was only found for correlations between verbal
integrative thinking and perceptual reasoning or processing
speed. In contrast to these points, some studies provide evidence
that does not support the threshold hypothesis. For example,
Runco and Albert (1986) used California Achievement Test
(CAT) scores as the estimate of intelligence and discovered that
the coefficient between DT and the CAT was very significant
in the high ability group with fifth to eighth grader students;
this result refuted the threshold hypothesis. Preckel et al. (2006)
examined the relationship between DT and fluid intelligence
with a sample of 1328 German 12–16 years old students and
discovered that correlations between both variables are almost
equal at different IQ levels.
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Moreover, a problem of a common measure applied to
investigate the threshold hypothesis was mentioned in related
research recently. In previous studies, researchers tested the
threshold hypothesis by dividing a sample at a given level (e.g.,
at 120 IQ points) and separately estimated the correlations
for lower and higher IQ groups. However, empirical studies
cannot prove that the threshold should be defined as 120 IQ
points (Jauk et al., 2013). Based on this consideration, several
very recent studies examined the threshold using different data
analysis techniques. For example, Karwowski and Gralewski
(2013) observed a threshold of 115 IQ points in a sample of
Polish middle school students after applying item response theory
and confirmatory factor analysis. Jauk et al. (2013) examined
the threshold of intelligence in a sample of adult participants
by a segmented regression analysis and obtained a threshold of
104.00 (or 119.60) IQ points for the originality of two (or many)
original ideas and a threshold of 86.09 IQ points for ideational
fluency. For a particularly advanced indicator such as creative
achievement, no threshold effect was observed, which suggests
that intelligence is linked with creative achievement across the
entire IQ range. Mourgues et al. (2016) explored the threshold
theory with 4368 third to eleventh grade Saudi Arabian students,
and only for sixth to eighth (108.8) and ninth to eleventh (108.4)
graders the thresholds were detected.

Instead of setting a threshold prior to statistical analysis,
techniques such as segmented regression can detect the
breakpoint in continuous data (Jauk et al., 2013), which
enables us to obtain a natural threshold of intelligence (rather
than one artificially set in advance). Furthermore, Karwowski
et al. (2016) adopted a recently developed methodology, the
Necessary Condition Analysis (NCA) (Dul, 2016), corroborating
the necessary-but-not-sufficient relationship between intelligence
and creativity in eight studies. Based on these analyses, the
current study performed these two empirical methods to
explore the relationship between creativity and intelligence.
Considering that previous studies explored the threshold effect
of participants in Western culture (e.g., Runco and Albert, 1986;
Preckel et al., 2006; Jauk et al., 2013; Welter et al., 2016), this
effect should be examined using Chinese subjects in Eastern
culture. As many previous studies indicated, compared with
their counterparts in Western developed countries, Chinese
adolescents and children demonstrated significantly lower
performance in creativity (e.g., Ye et al., 1988; Hu et al., 2004).
However, numerous other studies revealed that Chinese subjects
were not inferior in intelligence to Western subjects (Lynn
et al., 1988, 1991; Jensen and Whang, 1993). To explain this
inconsistent phenomenon, intelligence likely contributes less
to creativity among Chinese children, and the threshold of
intelligence (if it does exist) will be lower than the threshold
of intelligence among Western children (which is typically
hypothesized as 120 points). The variation in the threshold
effect of intelligence for Chinese children should be examined
considering the cultural differences between Chinese children
and Western children.

Studies of the association between personality traits and
DT have been conducted using different samples in recent
years (Gelade, 2002). Of these personality factors, openness

to experience is viewed as the most important factor for
creativity (Furnham, 1999; Chamorro-Premuzic and Furnham,
2004) because it is consistently linked with all criteria of creativity
(Kerr and McKay, 2013). Some recent studies investigated
the role of openness to experience in the intelligence–
creativity relationship. In a questionnaire study with high school
students, Ivcevic and Brackett (2015) identified a significant
interaction between emotional regulation ability and openness
to experience. This result revealed that openness can moderate
the relationship between emotional intelligence (measured by
emotional regulation ability) and creativity. Shi et al. (2016)
examined the moderating effect of openness to experience
between intelligence and DT with 831 children; the results
indicated a significant moderate effect. Intelligence was closely
associated with creativity when an individual had a medium
openness or high openness to experience. Openness to experience
served a “catalyst” role (McCrae and Ingraham, 1987) between
intelligence and creativity. An examination of whether this
enhancing effect of openness consistently exists at different levels
of intelligence is necessary.

This research aimed to verify the possible threshold in the
intelligence–creativity link with Chinese children via testing
and questionnaire methods and an analysis that employed a
subsection linear regression model and the NCA. We also
examined the moderating role of openness to experience and
focused on how it affected the correlation between intelligence
and creativity.

MATERIALS AND METHODS

Participants
This study involved 568 primary school students as participants
(female = 265). The mean age for fifth graders is 11.2 years
old, and the mean age for sixth graders is 12.4 years old.
Informed consent was provided by the parents and teachers
of these children prior to their participation in accordance
with the Declaration of Helsinki. The children’s participation
was voluntary. The Research Ethics Board at Capital Normal
University approved this study.

Materials
The Measure of DT
A revised version of the TTCT (Torrance, 1966, 1993) was
employed in this study to measure DT. This test contains four
tasks. For the first task, participants view an elf in a picture
and pose as many questions as possible about the scene. For the
second task, a picture with an unclear subject is presented to
the students, who need to interpret it using as many different
nouns as they can. For the third task, participants are required
to add lines to 30 pairs of parallel lines to finish many novel
and meaningful drawings. For the last task, they are asked to
complete ten unfinished drawings by adding lines. Tasks 1, 3,
and 4 are selected from the TTCT and have high reliability and
validity. Task 2 was developed by the researchers and employed
in previous studies (Shi et al., 2012, 2016). The participants
complete this creativity test in 30 min.
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According to the scoring criteria of the TTCT and Hu et al.
(2004), each appropriate answer was individually assessed for
fluency (number of responses), flexibility (number of response
categories) and originality (percentage of responses, two points
for the percentage below 5%, one point for the percentage of
5–10%, and zero points for the percentage higher than 10%).
A composite score of DT was acquired by transforming all three
criteria to standardized scores and then summing them. Two
individual raters scored these items for 50 subjects, and the
inter-rater reliabilities ranged from 0.88 to 0.92.

The Measure of Intelligence
Intelligence was assessed by a 60-item Chinese version of
Raven’s Standard Progressive Matrices (RSPM-CR), with the
highest total row score being 60. The reported IQ reflected
a standardized score that was converted using the formula of
IQi = 100+15(Xi-MEAN)/SD, where MEAN is the mean of the
normative sample from the Chinese norm (Zhang and Wang,
1989), SD is the standard deviation of the same sample, and
Xi is the raw score of respondent i. This test was revised based
on 5,108 Chinese subjects with ages ranging from 5.5 to over
70 by Zhang and Wang (1989). Its split-half reliability was
0.95 and the coefficient with the Chinese version of Wechsler
Intelligence Scale for Children- Revised (Lin and Zhang, 1986)
was 0.71.

The Measure of Openness to Experience
The Small Five Personality Scale developed by Zhou et al. (2000)
is employed to measure the personality factors of the participants.
Specifically, we only used the subscale of openness to experience,
which includes 26 items, such as “like to indulge in imagination
or daydreaming.” It has good reliability (with a Cronbach’s α

coefficient of 0.878) and concurrent validity (r = 0.659 with the
NEO-PI-R, Costa and McCrae, 1992). Participants read each item
and rate the extent to which these statements are consistent with
their actual situation using a 5-point scale, on which 1 represents
not at all true and 5 represents always true. The total score of this
instrument ranges from 26 to 130.

Procedure
With the guidance of test administrators in each classroom,
participants were asked to finish two paper–pencil tests (DT test
and RSPM-CR test), respectively, in the first two classes, followed
by the openness scale. Approximately 80 min were required to
finish all tasks.

Data Management and Analysis
Little’s missing completely at random (MCAR) test indicated that
the data were MCAR (X2

= 203.67, df = 306, p = 1.00). Thus,
we adopted the mean substitution (MS) method to impute the
missing data (Little and Rubin, 2002). Regarding the outliers, the
values in the range that were 3 standard deviations from the mean
of each variable were excluded.

To detect the breakpoint of intelligence, the segmented
regression analyses were implemented via segmented packages
in R 3.3.0 (Mueggo, 2008). IQ acts as an independent variable,
and the factors of DT (fluency, flexibility, originality, and the
composite score) act as dependent variables. The algorithm
was supplied with an initial guess parameter (IQ = 100) for
the breakpoints according to Jauk et al. (2013). Then, NCA
(Dul, 2016; Karwowski et al., 2016) was conducted to reanalyze
the data, through which we could obtain the necessity effect
size.

RESULTS

Descriptive Statistical Analysis
The mean and standard deviation of each variable and the
correlation coefficients are listed in Table 1. Significant positive
correlations existed among the variables, which is consistent with
expectations; thus, we can expand additional statistical tests to
explore the relationships among the variables.

Segmented Regression Analyses of the
Relationship between DT and
Intelligence
Segmented regression was conducted for fluency, flexibility,
originality, and the composite score of creativity, respectively.
For fluency, the breakpoint was detected at 109.20 IQ points, as
shown in Figure 1A. The correlation between IQ and fluency
below this breakpoint was r = 0.36(p < 0.01, n = 373). The
correlation between IQ and fluency above this breakpoint was
r = 0.05(ns, n = 195). The two correlations were significantly
different according to Steiger’s z-test (z = 3.64, p < 0.01).
For flexibility, the breakpoint was also detected at 109.20 IQ
points, as shown in Figure 1B. The correlation between IQ
and flexibility below this breakpoint was r = 0.36 (p < 0.01,
n = 373). The correlation between IQ and flexibility above this
breakpoint was r = 0.11 (ns, n = 195). The two correlations

TABLE 1 | Means (M), standard deviations (SD), and correlations of the variables.

M SD 1 2 3 4 5 6

1 Intelligence 104.69 10.54 −

2 Openness 92.43 14.36 0.23∗∗∗ −

3 Fluency 8.16 3.29 0.37∗∗∗ 0.39∗∗∗ −

4 Flexibility 5.66 1.84 0.40∗∗∗ 0.38∗∗∗ 0.93∗∗∗ −

5 Originality 4.72 4.82 0.34∗∗∗ 0.42∗∗∗ 0.83∗∗∗ 0.77∗∗∗ −

6 Composite score of creativity 0.00 2.84 0.39∗∗∗ 0.42∗∗∗ 0.97∗∗∗ 0.95∗∗∗ 0.92∗∗∗ −

N = 568; ∗∗∗p < 0.01, two-sided test.
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FIGURE 1 | Segmented regression analyses of the relationship between intelligence and: fluency (A), flexibility (B), originality (C), and the composite score
of creativity (D).

were significantly different according to Steiger’s z-test (z = 3.05,
p < 0.01). For originality, the breakpoint was detected at
116.80 IQ points, as shown in Figure 1C. The correlation
between IQ and originality below this breakpoint was r = 0.32
(p < 0.01, n = 486). The correlation between IQ and originality
above this breakpoint was r = −0.09 (ns, n = 82). The two
correlations were significantly different according to Steiger’s
z-test (z = 3.40, p < 0.01). For the composite score of creativity,
the breakpoint was detected at 110.10 IQ points, as shown in
Figure 1D. The correlation between IQ and creativity below
this breakpoint was r = 0.36 (p < 0.01, n = 374). The
correlation between IQ and creativity above this breakpoint
was r = −0.04 (ns, n = 194). The two correlations were
significantly different according to Steiger’s z-test (z = 5.03,
p< 0.01).

Necessary Condition Analysis of DT and
Intelligence
Necessary Condition Analysis method (Dul, 2016; Karwowski
et al., 2016) was adopted, and Figure 2 presents the
results. The NCAs effect sizes (CR-FDH) are d1 = 0.235
(for fluency), d2 = 0.225 (for flexibility), d3 = 0.259
(for originality) and d4 = 0.237 (for composite score of
creativity) in the interval of moderate value (0.1 ≤ d < 0.3
according to Dul, 2016), which statistically indicates that
intelligence is a necessary-but-not-sufficient condition of
creativity.

Moderating Effect of Openness to
Experience at Different IQ Levels
To examine whether the enhancing effect of openness to
experience is consistent at different levels of intelligence, we
divided the data into two subsamples at the breakpoint of
intelligence. Then, we employed a hierarchical regression analysis
to separately test the moderating effect of openness in the
relationship between creativity and intelligence in the two
subsamples. All predictive variables were mean centered. In Step
1, the control variables (gender and age which transformed into
dummy variables) were entered. In Steps 2 and 3, the independent
variable (intelligence) and the moderating variable (openness)
were entered. The intelligence by the openness interaction term
was entered in Step 4 to estimate the interaction effect. The results
are as follows: For fluency, the interaction term is significant
below the breakpoint (i.e., IQ < 109.20), with standardized
regression coefficients of β = 0.14 (t = 2.41, p < 0.05) and
1R2
= 0.01 [1F(1,367) = 5.80, p < 0.05]. A simple effect test

indicates that intelligence can predict fluency more strongly
for the high openness group than for the low openness group
(ns). However, the interaction term is not significant above
the breakpoint (IQ > 109.20). Similar effects were observed
for flexibility [β = 0.12, t = 2.06, p < 0.05, 1R2

= 0.01,
1F(1,367) = 4.24, p < 0.05], originality [β = 0.13, t = 3.07,
p < 0.05, 1R2

= 0.02, 1F(1,480) = 9.42, p < 0.05] and
composite score [β = 0.15, t = 2.73, p < 0.05, 1R2

= 0.02,
1F(1,368) = 7.44, p < 0.05], which indicates that the moderating
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FIGURE 2 | Visualization of the NCA of the relationship between DT and intelligence.

effect of openness is significant below the breakpoints but not
above the breakpoints.

DISCUSSION

Threshold Effect
The threshold hypothesis suggests that a threshold exists
between creativity and intelligence. According to Guilford and
Christensen (1973), positive relations between intelligence and
creative ability exist when the IQ is below the threshold, whereas
no correlation exists when the IQ is above the threshold.
By means of testing and questionnaire methods, segmented
regression and NCA, this study tested this hypothesis and
identified a breakpoint in the correlation data between IQ
and creativity. Below this breakpoint, the correlation between
intelligence and creativity is stronger; however, it weakens when
intelligence is above the breakpoint. Our findings are similar to
those of previous studies, including the studies by Barron (1963,
1969), Jauk et al. (2013), Karwowski and Gralewski (2013), and
Karwowski et al. (2016). To a certain extent, these results conform
to the classical threshold hypothesis and demonstrate that high
creativity in terms of DT requires high intelligence or above-
average intelligence. However, this condition is only a necessary

and insufficient condition for high creativity, which confirms
that intelligence and creativity are two overlapping variables,
as proposed by Renzulli (1978) and summarized by Sternberg
and O’Hara (1999). Considering that Gf is the ability to use
mental operations to reason and solve problems and has a closer
relationship with nature than nurture (Sawyer, 2012), we can
understand this limited correlation between intelligence and DT.
High creative ability requires acquired experience in addition to
gifted talent.

However, the turning point in our study is different. Guilford
and Christensen (1973) assumed that the break IQ level is
approximately 120. Karwowski and Gralewski (2013) observed
a threshold of 115 IQ points. Jauk et al. (2013) observed a
threshold of 119.60 IQ points for originality and a threshold
of 86.09 for fluency. In this study, the breakpoint ranged
from 109.20–116.80, with an IQ of 109.20 for DT fluency
and flexibility, an IQ of 116.80 for originality, and an IQ of
110.10 for the composite score of creativity. Some possible
explanations for the difference between the results of previous
studies and the results of this study are presented: First, this
study investigates the threshold hypothesis in elementary school
students, whereas previous studies investigated the threshold
hypothesis in preschoolers (Getzels and Jackson, 1962; Barron,
1963, 1969; Fuchs-Beauchamp et al., 1993), secondary school
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children (Karwowski and Gralewski, 2013), adolescents and
adults (Cho et al., 2010; Jauk et al., 2013). Because intelligence
and creativity are associated with age, when we explore the
relationship between intelligence and creativity with subjects of
different ages, we may obtain different results. These findings also
indicated the need to conduct a study with elementary children.
Second, differences between our study and previous studies
concerning cultural background were identified. Compared
with children in Western cultures, Chinese children have a
disadvantage in terms of creativity (e.g., Ye et al., 1988; Hu
et al., 2004); however, this situation does not exist in terms
of intelligence (e.g., Lynn et al., 1988, 1991). This finding
indicates that intelligence may explain less variance in creativity
for Chinese children for high IQ levels. As Csikszentmihalyi
(1999) noted, creativity is a culturally bound phenomenon and
is not a mental process. When describing a creative person,
Western implicit concepts focus on a person’s motivational
qualities, personality characteristics and cognitive traits. These
traits include high IQ level, logical and skillful problem solving,
clear thinking and cleverness, as emphasized by parents and
teachers (Runco et al., 1993). Unlike Western concepts, Chinese
implicit conceptions of creativity emphasize characteristics such
as moral goodness, societal contributions and connections
between the new and the old (Rudowicz and Yue, 2000; Niu
and Sternberg, 2002). Chinese culture places less emphasis on
intelligence than Western culture with regard to creativity, and
high intelligence accounts less for the variance in creativity in
China. This finding may explain why the IQ thresholds in this
study are lower than the IQ thresholds in previous studies. As
we expected, one finding of this study is that the threshold of
intelligence for Chinese children is lower than the threshold of
intelligence for Western children, which is typically considered
to be 120 points according to Guilford and Christensen (1973)
or 119.60 points according to Jauk et al. (2013) and 115 points
according to Jauk et al. (2013). These different thresholds of
intelligence suggest that people should pay more attention
to other factors in addition to intelligence when enhancing
creativity in China.

Moderating Effect of Openness to
Experience
Many previous studies have indicated openness as the most
important factor of personality in creativity (Feist, 1998;
Furnham, 1999; Chamorro-Premuzic and Furnham, 2004).
According to Batey et al. (2009), openness to experience (and
extraversion) enables people to be more curious, experiential
and interested in “quirkiness,” which may increase their
ability to produce new ideas. King et al. (1996) examined
the relations among personality, creative ability and creative
accomplishments. They determined that openness served a
“catalyst” role in the association between verbal creativity (as
measured by DT) and creative accomplishments. When openness
to experience was at a high level, people with high verbal creative
ability reported relatively more creative accomplishments. This
moderating effect of openness was also discussed in recent
studies (e.g., Ivcevic and Brackett, 2015; Shi et al., 2016). In
their exploration of the relationship between the threshold

hypothesis and the Big-Five Structure Inventory, Jauk et al. (2013)
discovered that creative potential is significantly predicted by
IQ and conscientiousness below the IQ threshold. Above the
IQ threshold, openness to experience is currently the strongest
predictor of creative potential; intelligence and conscientiousness
are only significant predictors by trend. These findings indicate
that openness to experience is a personality factor that may
moderate the relationship between intelligence and creativity. Is
this moderation effect consistent at different levels of intelligence?
To answer this question, we employed a hierarchical regression
analysis to test the moderating effect with two subsamples (below
and above the breakpoint of intelligence). The results indicated
that the moderating effect of openness only exists below the
threshold level of intelligence; openness only served the “catalyst”
role in the association between intelligence and creative thinking
when the IQ was average or low. Based on this result, the role of
personality factors appears to be conditional and depends on the
level of cognitive ability.

Limitations and Future Directions
Several limitations of this study should be acknowledged.
As Runco and Albert (1986) suggested, thresholds have
contradictory and inconclusive results due to the different
measures of intelligence and creativity and the highly selective
samples that were employed in previous research. Only fluid
intelligence (Gf; measured by RPM) and DT (measured by
TTCT) were employed in the current study, which may impact
the results of the threshold hypothesis. Future studies should
employ multiple measures to assess participants’ intelligence
and creativity. Moreover, Welter et al. (2016) suggested that
the association between intelligence and creativity was not
straightforward and was dependent on a combination of factors,
including grade level and gender. Another limitation of our study
is the lack of gender balance in the sample; future research
can explore the threshold hypothesis with more balanced
samples.

CONCLUSION

This study investigated the relationship between creativity
and intelligence with Chinese children. The current results
support the threshold theory demonstrating that intelligence is a
necessary-but-not-sufficient condition of creativity. Specifically,
the breakpoints around 110 IQ level was detected. In addition,
openness to experience had a moderating effect on the correlation
between the indicators of creativity and intelligence under
the breakpoint. Above this point, however, the effect was not
significant. It remains necessary to explore the personality factors
accounting for individual differences in the relationship between
DT and intelligence.

AUTHOR CONTRIBUTIONS

BS designed the study and performed the investigation; LW
and JY analyzed the data, BS, MZ, and LX wrote the
manuscript.

Frontiers in Psychology | www.frontiersin.org 7 February 2017 | Volume 8 | Article 254

http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive


fpsyg-08-00254 February 20, 2017 Time: 13:4 # 8

Shi et al. Creativity and Intelligence

FUNDING

This research was supported by the National Natural Science
Foundation of China (31571138) and the Social Sciences
Research Fund Project of Beijing (14JYB015).

ACKNOWLEDGMENTS

We are grateful to all study participants for their contributions.
Meanwhile we thank the editor and reviewers providing valuable
and constructive comments which improved this paper a lot.

REFERENCES
Acar, S., and Runco, M. A. (2014). Assessing associative distance among ideas

elicited by tests of divergent thinking. Creat. Res. J. 26, 229–238. doi: 10.1080/
10400419.2014.901095

Amabile, T. (1996). Creativity in Context: Update to the Social Psychology of
Creativity. Oxford: Westview Press.

Barron, F. (1963). Creativity and Psychological Health. Princeton, NY: Van
Nostrand.

Barron, F. (1969). Creative Person and Creative Process. New York, NY: Holt,
Rinehart and Winston.

Batey, M., Chamorro-Premuzic, T., and Furnham, A. (2009). Intelligence and
personality as predictors of divergent thinking: the role of general, fluid and
crystallised intelligence. Think. Skills Creat. 4, 60–69. doi: 10.1016/j.tsc.2009.
01.002

Batey, M., Furnham, A., and Safiullina, X. (2010). Intelligence, general knowledge
and personality as predictors of creativity. Learn. Individ. Differ. 20, 532–535.
doi: 10.1177/0956797612450883

Bilker, W. B., Hansen, J. A., Brensinger, C. M., Richard, J., Gur, R. E., and Gur,
R. C. (2012). Development of abbreviated nine-item forms of the Raven’s
standard progressive matrices test. Assessment 19, 354–369. doi: 10.1177/
1073191112446655

Cattell, R. B. (1963). Theory of fluid and crystallized intelligence: a critical
experiment. J. Educ. Psychol. 54, 1–22. doi: 10.1037/h0046743

Chamorro-Premuzic, T., and Furnham, A. (2004). A possible model for
understanding the personality-intelligence interface. Br. J. Psychol. 95, 249–264.
doi: 10.1348/000712604773952458

Cho, S. H., Nijenhuis, J. T., Vianen, A. E. M., Kim, H.-B., and Lee, K. H. (2010). The
relationship between diverse components of intelligence and creativity. J. Creat.
Behav. 44, 125–137. doi: 10.1002/j.2162-6057.2010.tb01329.x

Colzato, L. S., Ozturk, A., and Hommel, B. (2012). Meditate to create: the impact of
focused-attention and open-monitoring training on convergent and divergent
thinking. Front. Psychol. 3:116. doi: 10.3389/fpsyg.2012.00116

Costa, P. T., and McCrae, R. R. (1992). Multiple uses for longitudinal personality
data. Eur. J. Pers. 6, 85–102. doi: 10.1002/per.2410060203

Csikszentmihalyi, M. (1999). “Implications of a systems perspective for the study
of creativity,” in Handbook of Creativity, ed. R. J. Sternberg (Cambridge:
Cambridge University Press), 313–336.

Downey, L. A., Lomas, J., Billings, C., Hansen, K., and Stough, C. (2014). Scholastic
success: fluid intelligence, personality, and emotional intelligence. Can. J. Sch.
Psychol. 29, 40–53. doi: 10.1177/0829573513505411

Dul, J. (2016). Necessary condition analysis (NCA): logic and methodology of
“necessary but not sufficient” causality. Organ. Res. Methods 1, 10–52. doi:
10.1177/1094428115584005

Feist, G. J. (1998). A meta-analysis of personality in scientific and artistic creativity.
Pers. Soc. Psychol. Rev. 2, 290–309. doi: 10.1207/s15327957pspr0204_5

Fuchs-Beauchamp, K. D., Karnes, M. B., and Johnson, L. J. (1993). Creativity
and intelligence in preschoolers. Gift. Child Q. 37, 113–117. doi: 10.1177/
001698629303700303

Furnham, A. (1999). The saving and spending habits of young people. J. Econ.
Psychol. 20, 677–697. doi: 10.1016/S0167-4870(99)00030-6

Gelade, G. A. (2002). Creative style, personality, and artistic endeavor. Genet. Soc.
Gen. Psychol. Monogr. 128, 213–234.

Getzels, J. W., and Jackson, P. W. (1962). Creativity and Intelligence: Explorations
with Gifted Students. New York, NY: Wiley.

Guignard, J. H., Kermarrec, S., and Tordjman, S. (2016). Relationships between
intelligence and creativity in gifted and non-gifted children. Learn. Individ.
Differ. 52, 209–215. doi: 10.1016/j.lindif.2015.07.006

Guilford, J. P. (1967). The Nature of Human Intelligence. New York, NY: McGraw-
Hill.

Guilford, J. P., and Christensen, P. R. (1973). The one-way relation between
creative potential and IQ. J. Creat. Behav. 7, 247–252. doi: 10.1002/j.2162-6057.
1973.tb01096.x

Hu, W., Adey, P., Shen, J., and Lin, C. (2004). The comparisons of the development
of creativity between English and Chinese adolescents. Acta Psychol. Sin. 36,
718–731.

Ivcevic, Z., and Brackett, M. A. (2015). Predicting creativity: interactive effects of
openness to experience and emotion regulation ability. Psychol. Aesthet. Creat.
Arts 9, 480–487. doi: 10.1037/a0039826

Jaeggi, S. M., Buschkuehl, M., Jonides, J., and Perrig, W. J. (2008). Improving fluid
intelligence with training on working memory. Proc. Natl. Acad. Sci. U.S.A. 105,
6829–6833. doi: 10.1073/pnas.0801268105

Jauk, E., Benedek, M., Dunst, B., and Neubauer, A. C. (2013). The relationship
between intelligence and creativity: new support for the threshold hypothesis
by means of empirical breakpoint detection. Intelligence 41, 212–221. doi: 10.
1016/j.intell.2013.03.003

Jauk, E., Neubauer, A. C., Dunst, B., Fink, A., and Benedek, M. (2015). Gray matter
correlates of creative potential: a latent variable voxel-based morphometry
study. Neuroimage 111, 312–320. doi: 10.1016/j.neuroimage.2015.02.002

Jensen, A. R., and Whang, P. A. (1993). Reaction times and intelligence: a
comparison of Chinese-American and Anglo-American children. J. Biosoc. Sci.
25, 397–410. doi: 10.1017/S0021932000020721

Karwowski, M., Dul, J., Gralewski, J., Jauk, E., and Jankowska, D. M. (2016).
Is creativity without intelligence possible? A necessary condition analysis.
Intelligence 57, 105–117. doi: 10.1016/j.intell.2016.04.006

Karwowski, M., and Gralewski, J. (2013). Threshold hypothesis: fact or artifact?
Think. Skills Creat. 8, 25–33. doi: 10.1016/j.tsc.2012.05.003

Kaufman, J. C., and Plucker, J. (2011). “Creativity and intelligence,” in The
Cambridge Handbook of Intelligence, eds R. J. Sternberg and S. B. Kaufman
(New York, NY: Cambridge University Press), 771–783. doi: 10.1017/
CBO9780511977244.039

Kerr, B., and McKay, R. (2013). Searching for tomorrow’s innovators: profiling
creative adolescents. Creat. Res. J. 25, 21–32. doi: 10.1080/10400419.2013.
752180

King, L. A., Walker, L. M., and Broyles, S. J. (1996). Creativity and the five-factor
model. J. Res. Pers. 30, 189–203. doi: 10.1006/jrpe.1996.0013

Lin, C. D., and Zhang, H. C. (1986). The Chinese Version of Wechsler Scale for
Children–Revised. Beijing: Capital Normal University Press.

Little, R. J. A., and Rubin, D. B. (2002). Statistical Analysis with Missing Data.
New York, NY: John Wiley & Sons.

Lynn, R., Chan, J. W. C., and Eysenck, H. J. (1991). Reaction times and intelligence
in Chinese and British children. Percept. Mot. Skills 72, 443–452. doi: 10.2466/
pms.1991.72.2.443

Lynn, R., Hampson, S., and Lee, M. (1988). The intelligence of Chinese children in
Hong Kong. Sch. Psychol. Int. 9, 29–32. doi: 10.1177/0143034388091004

McCrae, R. R., and Ingraham, L. J. (1987). Creativity, divergent thinking, and
openness to experience. J. Pers. Soc. Psychol. 52, 1258–1265. doi: 10.1037/0022-
3514.52.6.1258

Mourgues, C. V., Tan, M., Hein, S., Al-Harbi, K., Aljughaiman, A., and Grigorenko,
E. L. (2016). The relationship between analytical and creative cognitive skills
from middle childhood to adolescence: testing the threshold theory in the
kingdom of saudi arabia. Learn. Individ. Differ. 52, 137–147. doi: 10.1016/j.
lindif.2015.05.005

Mueggo, V. M. (2008). Segmented: an R package to fit regression models with
broken-line relationships. R News 1, 20–25.

Mumford, M. D. (2003). Taking stock in taking stock. Creat. Res. J. 15, 147–151.
doi: 10.1080/10400419.2003.9651408

Niu, W., and Sternberg, R. J. (2002). Contemporary studies on the concept of
creativity: the east and the west. J. Creat. Behav. 36, 269–288. doi: 10.1002/j.
2162-6057.2002.tb01069.x

Frontiers in Psychology | www.frontiersin.org 8 February 2017 | Volume 8 | Article 254

https://doi.org/10.1080/10400419.2014.901095
https://doi.org/10.1080/10400419.2014.901095
https://doi.org/10.1016/j.tsc.2009.01.002
https://doi.org/10.1016/j.tsc.2009.01.002
https://doi.org/10.1177/0956797612450883
https://doi.org/10.1177/1073191112446655
https://doi.org/10.1177/1073191112446655
https://doi.org/10.1037/h0046743
https://doi.org/10.1348/000712604773952458
https://doi.org/10.1002/j.2162-6057.2010.tb01329.x
https://doi.org/10.3389/fpsyg.2012.00116
https://doi.org/10.1002/per.2410060203
https://doi.org/10.1177/0829573513505411
https://doi.org/10.1177/1094428115584005
https://doi.org/10.1177/1094428115584005
https://doi.org/10.1207/s15327957pspr0204_5
https://doi.org/10.1177/001698629303700303
https://doi.org/10.1177/001698629303700303
https://doi.org/10.1016/S0167-4870(99)00030-6
https://doi.org/10.1016/j.lindif.2015.07.006
https://doi.org/10.1002/j.2162-6057.1973.tb01096.x
https://doi.org/10.1002/j.2162-6057.1973.tb01096.x
https://doi.org/10.1037/a0039826
https://doi.org/10.1073/pnas.0801268105
https://doi.org/10.1016/j.intell.2013.03.003
https://doi.org/10.1016/j.intell.2013.03.003
https://doi.org/10.1016/j.neuroimage.2015.02.002
https://doi.org/10.1017/S0021932000020721
https://doi.org/10.1016/j.intell.2016.04.006
https://doi.org/10.1016/j.tsc.2012.05.003
https://doi.org/10.1017/CBO9780511977244.039
https://doi.org/10.1017/CBO9780511977244.039
https://doi.org/10.1080/10400419.2013.752180
https://doi.org/10.1080/10400419.2013.752180
https://doi.org/10.1006/jrpe.1996.0013
https://doi.org/10.2466/pms.1991.72.2.443
https://doi.org/10.2466/pms.1991.72.2.443
https://doi.org/10.1177/0143034388091004
https://doi.org/10.1037/0022-3514.52.6.1258
https://doi.org/10.1037/0022-3514.52.6.1258
https://doi.org/10.1016/j.lindif.2015.05.005
https://doi.org/10.1016/j.lindif.2015.05.005
https://doi.org/10.1080/10400419.2003.9651408
https://doi.org/10.1002/j.2162-6057.2002.tb01069.x
https://doi.org/10.1002/j.2162-6057.2002.tb01069.x
http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive


fpsyg-08-00254 February 20, 2017 Time: 13:4 # 9

Shi et al. Creativity and Intelligence

Plucker, J. A., Beghetto, R. A., and Dow, G. T. (2004). Why isn’t creativity
more important to educational psychologists? Potentials, pitfalls, and future
directions in creativity research. Educ. Psychol. 39, 83–96. doi: 10.1207/
s15326985ep3902_1

Plucker, J. A., Esping, A., Kaufman, J. C., and Avitia, M. J. (2015). “Creativity
and intelligence,” in Handbook of Intelligence: Evolutionary Theory, Historical
Perspective, and Current Concepts, ed. S. Goldstein (New York, NY: Springer),
283–291.

Plucker, J. A., and Renzulli, J. S. (1999). “Psychometric approaches to the study of
human creativity,” in Handbook of Creativity, ed. R. J. Sternberg (New York, NY:
Cambridge University Press), 35–61.

Preckel, F., Holling, H., and Wiese, M. (2006). Relationship of intelligence and
creativity in gifted and non-gifted students: an investigation of threshold theory.
Pers. Individ. Dif. 40, 159–170. doi: 10.1016/j.paid.2005.06.022

Raven, J. (2000). The Raven’s progressive matrices: change and stability over culture
and time. Cogn. Psychol. 41, 1–48. doi: 10.1006/cogp.1999.0735

Renzulli, J. S. (1978). What makes giftedness? Reexamining a definition. Phi Delta
Kappa. 60, 180–184.

Rudowicz, E., and Yue, X.-D. (2000). Concepts of creativity: similarities and
differences among Mainland, Hong Kong and Taiwanese Chinese. J. Creat.
Behav. 34, 175–192. doi: 10.1002/j.2162-6057.2000.tb01210.x

Runco, M. A. (1991). Divergent Thinking. Norwood, NJ: Ablex Publishing
Corporation.

Runco, M. A., and Acar, S. (2012). Divergent thinking as an indicator of creative
potential. Creat. Res. J. 1, 66–75. doi: 10.1080/10400419.2012.652929

Runco, M. A., and Albert, R. S. (1986). The threshold theory regarding creativity
and intelligence: an empirical test with gifted and nongifted children. Creat.
Child Adult Q. 11, 212–218.

Runco, M. A., Johnson, D. J., and Bear, P. K. (1993). Parents’ and teachers’ implicit
theories of children’s creativity. Child Study J. 23, 91–113.

Sawyer, R. K. (2012). Explaining Creativity: The Science of Human Innovation.
Oxford: Oxford University Press.

Sayed, E. M., and Mohamed, A. H. H. (2013). Gender differences in divergent
thinking: use of the test of creative thinking-drawing production on an Egyptian
sample. Creat. Res. J. 25, 222–227. doi: 10.1080/10400419.2013.783760

Schubert, J. (1973). Effect of chronic lithium treatment on monoamine metabolism
in rat brain. Psychopharmacologia 32, 301–311. doi: 10.1007/BF00422153

Shi, B., Dai, D. Y., and Lu, Y. (2016). Openness to experience as a moderator of
the relationship between intelligence and creative thinking: a study of Chinese
children in urban and rural areas. Front. Psychol. 7:641. doi: 10.3389/fpsyg.2016.
00641

Shi, B., Qian, M., Lu, Y., Plucker, J. A., and Lin, C. (2012). The relationship between
migration and Chinese children’s divergent thinking. Psychol. Aesthet. Creat.
Arts 6, 106–111. doi: 10.1037/a0028023

Sternberg, R. J. (1997). Successful Intelligence. New York, NY: Plume.
Sternberg, R. J. (2008). The WICS approach to leadership: stories of leadership

and the structures and processes that support them. Leadersh. Q. 19, 360–371.
doi: 10.1016/j.leaqua.2008.03.008

Sternberg, R. J., and Lubart, T. I. (1992). Buy low and sell high: an investment
approach to creativity. Curr. Dir. Psychol. Sci. 1, 1–5. doi: 10.1111/j.1467-8721.
1992.tb00002.x

Sternberg, R. J., and O’Hara, L. A. (1999). “Creativity and intelligence,” in
Handbook of Creativity, ed. R. J. Sternberg (Cambridge, MA: Cambridge
University Press), 251–272.

Torrance, E. P. (1966). Torrance Tests of Creative Thinking: Norms-Technical
Manual. Princeton, NJ: Personell Press.

Torrance, E. P. (1993). The beyonders in a thirty year longitudinal study of creative
achievement. Roeper Rev. 15, 131–135. doi: 10.1080/02783199309553486

Weinstein, J. B., and Bobko, P. (1980). The relationship between creativity and
androgyny when moderated by an intelligence threshold. Gift. Child Q. 24,
162–166. doi: 10.1177/001698628002400406

Welter, M. M., Jaarsveld, S., van Leeuwen, C., and Lachmann, T. (2016).
Intelligence and creativity: over the threshold together? Creat. Res. J. 28,
212–218. doi: 10.1080/10400419.2016.1162564

Ye, R. M., Hong, D. H., and Torrance, P. (1988). Tests in torrance tests of creative
thinking (TTCT) and comparative study of Chinese and western students. Appl.
Psychol. 3, 22–29.

Zhang, H., and Wang, X. P. (1989). Standardization research on Raven’s standard
progressive matrices in China. Acta Psychol. Sin. 21, 3–11. doi: 10.1371/journal.
pone.0084528

Zhou, H., Niu, L. L., and Zou, H. (2000). Compiling of questionnaire about
factors in five personalities of secondary students. Psychol. Dev. Educ. 1,
48–54.

Zhu, F., Zhang, Q., and Qiu, J. (2013). Relating inter-individual differences
in verbal creative thinking to cerebral structures: an optimal voxel-
based morphometry study. PLoS ONE 8:e79272. doi: 10.1371/journal.pone.
0079272

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 © 2017 Shi, Wang, Yang, Zhang and Xu. 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) or licensor 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 9 February 2017 | Volume 8 | Article 254

https://doi.org/10.1207/s15326985ep3902_1
https://doi.org/10.1207/s15326985ep3902_1
https://doi.org/10.1016/j.paid.2005.06.022
https://doi.org/10.1006/cogp.1999.0735
https://doi.org/10.1002/j.2162-6057.2000.tb01210.x
https://doi.org/10.1080/10400419.2012.652929
https://doi.org/10.1080/10400419.2013.783760
https://doi.org/10.1007/BF00422153
https://doi.org/10.3389/fpsyg.2016.00641
https://doi.org/10.3389/fpsyg.2016.00641
https://doi.org/10.1037/a0028023
https://doi.org/10.1016/j.leaqua.2008.03.008
https://doi.org/10.1111/j.1467-8721.1992.tb00002.x
https://doi.org/10.1111/j.1467-8721.1992.tb00002.x
https://doi.org/10.1080/02783199309553486
https://doi.org/10.1177/001698628002400406
https://doi.org/10.1080/10400419.2016.1162564
https://doi.org/10.1371/journal.pone.0084528
https://doi.org/10.1371/journal.pone.0084528
https://doi.org/10.1371/journal.pone.0079272
https://doi.org/10.1371/journal.pone.0079272
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/
http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive

	Relationship between Divergent Thinking and Intelligence: An Empirical Study of the Threshold Hypothesis with Chinese Children
	Introduction
	Materials And Methods
	Participants
	Materials
	The Measure of DT
	The Measure of Intelligence
	The Measure of Openness to Experience

	Procedure
	Data Management and Analysis

	Results
	Descriptive Statistical Analysis
	Segmented Regression Analyses of the Relationship between DT and Intelligence
	Necessary Condition Analysis of DT and Intelligence
	Moderating Effect of Openness to Experience at Different IQ Levels

	Discussion
	Threshold Effect
	Moderating Effect of Openness to Experience
	Limitations and Future Directions

	Conclusion
	Author Contributions
	Funding
	Acknowledgments
	References


