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Abstract

The development of natural language processing has provided reliable and ef-
fective research methods for investigating the relationship between semantic
distance and creative thinking. In recent years, research on this relationship
has gradually increased, yet conclusions remain inconsistent. Based on creativ-
ity association theory and the spreading activation model, this study employs
meta-analysis to examine the overall relationship between semantic distance and
creative thinking, and analyzes the reasons for inconsistent findings in previous
research. Through literature retrieval and screening, 14 studies were obtained,
with r-values extracted as effect sizes (53 effect sizes in total, 4,729 independent
samples), and a meta-analysis was conducted using a random-effects model. The
results demonstrate a moderate positive correlation between semantic distance
and creative thinking (r = 0.379, 95%CI [0.300, 0.452]); the strength of this corre-
lation is moderated by participants’ age and different measurement indicators of
creative thinking. The findings indicate that semantic distance is closely related
to creative thinking, while also explaining the reasons for inconsistent conclu-
sions in prior studies. These results not only provide new research perspectives
and theoretical explanations for deeper investigation into the cognitive neural
mechanisms of creative thinking, but also contribute to a more comprehensive
understanding of the relationship between semantic distance and creative think-
ing and its boundary conditions, offering scientific basis and important insights
for better explaining, predicting, and enhancing creativity.
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Abstract: The development of natural language processing has provided re-
liable and effective research methods for exploring the relationship between
semantic distance and creative thinking. In recent years, research on this rela-
tionship has gradually increased, yet findings remain inconsistent. Based on the
Associative Theory of Creativity and the Spreading-Activation Model, this study
employed meta-analysis to examine the overall relationship between semantic
distance and creative thinking and to analyze the reasons for inconsistent con-
clusions in previous research. After literature retrieval and screening, 14 studies
were obtained, with r-values extracted as effect sizes (53 effect sizes total, 4,729
independent samples). A random-effects model was used for the meta-analysis.

The results showed a moderate positive correlation between semantic distance
and creative thinking (r = 0.379, 95%CI [0.300, 0.452]). The strength of this
correlation was moderated by participants’ age and the specific measurement
indicators used for creative thinking. These findings indicate that semantic
distance is closely related to creative thinking while explaining the reasons for
inconsistent results in previous studies. The results not only provide new re-
search perspectives and theoretical explanations for deeper investigation into
the cognitive and neural mechanisms of creative thinking, but also contribute
to a more comprehensive understanding of the relationship between semantic
distance and creative thinking and its boundary conditions, offering scientific
evidence and important implications for better explaining, predicting, and en-
hancing creativity.
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1.1 Creative Thinking and Its Measurement

Creative thinking represents a high-level cognitive activity with profound im-
pact on scientific progress and social development, with one of its core cognitive
components being associative ability based on semantic memory (Acar & Runco,
2014; Marron et al., 2018). This associative ability is manifested through seman-
tic distance—the degree of relatedness between concepts (Benedek & Neubauer,
2013; Beaty et al., 2014). Consequently, semantic distance serves as an impor-
tant tool for understanding creative thinking and creative cognitive processes.

The rapidly developing field of network science has provided a reliable and effec-
tive quantitative methodology for studying complex human cognitive systems
(Baronchelli et al., 2013; Siew et al., 2019). In cognitive science, researchers typ-
ically utilize semantic networks constructed from mental lexicons to represent
semantic memory structure (Christensen & Kenett, 2021). In such networks,
concepts are represented as nodes connected by edges, while semantic distance
quantifies the proximity between concepts—that is, their semantic similarity
(Paulsen et al., 1996). Research applying semantic networks to creative think-
ing has demonstrated that examining semantic network properties is a promising
approach for exploring creativity (Kenett et al., 2018), though effectively inte-
grating semantic networks and semantic distance to reveal creative thinking
processes remains an area for further investigation (Kenett & Faust, 2014).

In empirical research, divergent thinking tests are commonly used to measure
creative thinking, yet these tests have several limitations. For instance, the high
correlation between fluency and uniqueness scores often leads to confounded re-
sults, and uniqueness scoring depends heavily on sample characteristics (Silvia
et al., 2008). Therefore, beyond optimizing existing measurement techniques,
there is a need to enhance the objectivity and accuracy of creativity assessment.
Some scholars have proposed using semantic distance to measure creative think-
ing, though the validity of this approach remains controversial (Marron et al.,
2018; Wang et al., 2018).

Employing semantic distance as an indicator to quantify creative thinking pro-
cesses, investigate the cognitive and neural mechanisms of creativity, and de-
velop creative assessment and enhancement tools based on semantic distance
thus represents an important frontier with pioneering significance in the field.

In summary, this meta-analysis aims to clarify the relationship between seman-
tic distance and creative thinking, introduce new measurement methods for
studies examining the association between individual associative ability and cre-
ative thinking, and establish a more solid theoretical foundation for research
on creative thinking processes and the relationship between semantic memory
structure and creative thinking.

Divergent thinking, defined as the mental capacity to generate multiple orig-
inal ideas in response to a given problem or prompt (Acar & Runco, 2019;
Forthmann, Wilken, et al., 2019), has long been a central focus in creative
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thinking research (Hocevar, 1980). Divergent thinking tests represent the most
frequently used and widely applied assessment format in creativity research
(Plucker & Makel, 2010; Reiter-Palmon et al., 2019). Among these, Guilford’s
(1950) Alternate Uses Task (AUT) and Torrance’s (1972) Torrance Tests of Cre-
ative Thinking (TTCT) have been particularly prominent. Divergent thinking
typically comprises four dimensions: fluency (the number of ideas generated),
flexibility (the diversity of ideas), originality (the unusualness or uniqueness of
ideas), and elaboration (the level of detail in responses) (Torrance, 1965, 1988).
Scoring procedures for divergent thinking tests generally evaluate these four
dimensions to assess participants’ creative performance.

Despite their widespread use, traditional divergent thinking tests have notable
drawbacks. First, they fail to provide researchers with tools to further inves-
tigate creative thinking processes (Hass, 2017; Marron et al., 2018). Second,
among the four main scoring indicators, only fluency can be objectively mea-
sured; traditional scoring methods for flexibility, originality, and elaboration
suffer from various limitations, such as potential positive bias that may inflate
creativity scores beyond true levels or introduce additional error due to different
raters’ scoring criteria (Bossomaier et al., 2009; Lee, 2008). Third, scoring for
divergent thinking tests often confounds fluency and originality, as originality
scores tend to increase with fluency scores (Clark & Mirels, 1970; Hocevar &
Michael, 1979; Silvia, 2015; Silvia et al., 2008) or decrease with larger sample
sizes (Silvia, 2015). These issues have raised concerns about the objectivity, re-
liability, validity, and normative standards of divergent thinking tests (Benedek
& Neubauer, 2012).

To further explore the nature, mechanisms, and interactions of creative think-
ing with various factors, a new measurement technique is needed—one that
can both investigate creative thinking processes and more objectively and effi-
ciently quantify creative products. Using semantic distance to measure creative
thinking or improve scoring methods for creativity tests represents a promising
approach that meets these requirements.

1.2 The Relationship Between Semantic Distance and Cre-
ative Thinking

The concept of semantic distance originates from Collins and Loftus’s (1975)
Spreading-Activation Model. According to this model, concepts sharing more
definitional features are more closely related, and this relationship is termed
semantic distance (Volle, 2018). For example, “snow” and “white” frequently
co-occur in text, resulting in a small semantic distance, whereas “snow” and
“oil” rarely appear together, yielding a larger semantic distance.

Mednick (1962) proposed the Associative Theory of Creativity, which explains
the relationship between creative thinking and semantic memory structure (Med-
nick, 1962). This theory posits that creative thinking involves connecting weakly
related or distant concepts into novel and useful combinations. The greater the
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semantic distance between concepts, the more creative and novel the result-
ing combination. Building on Mednick’s (1962) theory, Benedek et al. (2012)
proposed that dissociative ability and associative combination ability are fun-
damental cognitive capacities closely related to creative thinking. Dissociative
ability refers to the capacity to generate unrelated concepts, which can be un-
derstood as a form of semantic inhibition that facilitates access to semantically
distant concepts. Associative combination ability involves forming reasonable
associations between seemingly unrelated concepts. We can thus infer that se-
mantic distance, as a quantitative indicator of relationships between concepts
(Volle, 2018) and a measure of individual associative ability, can effectively re-
flect creative thinking based on associative processes. The Spreading-Activation
Model also suggests that creative individuals possess more complex (Collins &
Loftus, 1975; Gruszka & Necka, 2002; Kenett, 2019) and more flexible semantic
networks (Schilling, 2005).

In recent years, semantic distance has been adopted as an indicator of creative
performance. Researchers investigating state creativity (Green et al., 2012;
Prabhakaran et al., 2013; Weinberger et al., 2016) have used semantic distance
as a measure of creativity levels, where state creativity refers to varying levels
of creativity exhibited by participants under different instructions or cue condi-
tions. Studies employing semantic distance to measure creative thinking have
demonstrated better discriminant validity and structural reliability across vari-
ous creativity indicators compared to traditional methods (Dumas & Dunbar,
2014).

Furthermore, applying semantic distance enables researchers to achieve more
objective understanding of creative thinking quality and better investigate its
cognitive and neural mechanisms. Creative thinking is widely believed to re-
quire the coupling of associative processes with executive processes (Silvia et
al., 2013). However, most creative thinking tasks have not distinguished be-
tween these two cognitive processes (Mednick, 1968; Runco et al., 2016), and
differentiating them could enhance our understanding of creative thinking and
cognition (Fox et al., 2015). As an indicator of associative ability, semantic dis-
tance can better reflect the associative processes involved in creative thinking
tasks (Beaty, Nusbaum, et al., 2014; Beaty, Silvia, et al., 2014; Marron et al.,
2018). Consequently, semantic distance has been used as a measurement index
for creative thinking in cognitive neuroscience research, allowing comparison of
brain activation patterns when individuals generate answers at different creativ-
ity levels (Beaty et al., 2017; Green et al., 2015; Tempest & Radel, 2019), ex-
amination of dynamic changes in creative performance over time (Green, 2016),
and investigation of individual differences in creativity (Green, 2016).

Beyond measuring creativity from a semantic network perspective, semantic
distance has also been used to improve scoring methods for traditional creative
thinking tests such as the AUT (Volle, 2018). Semantic distance can quantify
divergent thinking scores while avoiding confounding between originality and
flexibility (Acar & Runco, 2015) and can characterize specific dimensions of
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creative thinking like flexibility (Johnson et al., 2019) and originality (Beaty
et al., 2020). Many researchers believe this corpus-based computational model
and automated scoring method effectively avoids subjective rater bias, enhances
scoring standardization and objectivity, and substantially saves time and labor
costs while improving scoring efficiency (Acar & Runco, 2015; Beaty & Johnson,
2020; Johnson et al., 2019).

Despite substantial evidence supporting a correlation between creativity and
semantic distance, some studies have failed to replicate this relationship. As
early as 1973, researchers found that although highly creative individuals re-
sponded faster in free association tasks than less creative individuals, the ability
to generate novel words or word combinations might not be related to creativity
(Rothenberg, 1973). Subsequently, Benedek and Neubauer (2013) found that
the probability of associations between words could not distinguish high- from
low-creativity individuals when testing the Associative Theory of Creativity.
Highly creative individuals do not necessarily exhibit larger semantic distances
in their associative processes (Marron & Faust, 2018). More recent studies have
provided direct evidence, finding no significant correlation between semantic
distance and creative thinking (Marron et al., 2018; Wang et al., 2018).

In summary, while the Associative Theory of Creativity has received consider-
able empirical support (Benedek et al., 2012; Kenett et al., 2014; Kleinmintz et
al., 2019; Rossmann & Fink, 2010), some studies have found no significant rela-
tionship between semantic distance and creative thinking (Marron et al., 2018;
Wang et al., 2018). Therefore, whether semantic distance, as a quantitative
indicator of conceptual relationships, can effectively reflect individual creative
thinking requires further investigation and validation.

1.3 Moderating Variables in the Relationship Between Se-
mantic Distance and Creative Thinking

Recent studies on the relationship between semantic distance and creative think-
ing have yielded inconsistent results, possibly due to demographic factors (such
as age) and the specific measurement indicators used to assess creative thinking.

Based on existing research, age may influence the relationship between seman-
tic distance and creative thinking. First, age is associated with language ability
and vocabulary size. Older adults possess richer vocabulary and semantic knowl-
edge than younger adults (Kavé & Halamish, 2015; Verhaeghen & Paul, 2003),
and individuals with stronger language abilities and larger vocabularies are less
constrained by expressive limitations when generating ideas, often performing
better on verbal creativity tasks. Stronger language ability may also provide
more cognitive resources for creative idea generation (Wu et al., 2005). Sec-
ond, semantic structure and semantic memory differ across age groups. For
example, concepts in older adults’ semantic memory are more modular and dis-
persed (Dubossarsky et al., 2017; Wulff et al., 2019; Zortea et al., 2014), mean-
ing older adults’ semantic networks are more sparsely structured than those of
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younger adults, with fewer connections between concepts and greater semantic
distances. Dubossarsky et al. (2017) further evaluated differences in semantic
networks across the lifespan (ages 10-84), finding nonlinear development of se-
mantic memory. Children’s semantic structures are relatively sparse, density
increases through middle age, then becomes sparser again in older adulthood.
Consequently, younger adults’ semantic networks based on semantic memory
are more flexible than older adults’, and more flexible semantic networks often
indicate higher creative thinking ability (Kenett et al., 2014; Rossmann & Fink,
2010). Similarly, research has found that creative thinking ability declines with
age (Leon et al., 2019; Simon & Bock, 2016; Zhang & Niu, 2013). Therefore,
participants’ age may moderate the relationship between semantic distance and
creative thinking.

Additionally, because creative thinking can be measured through diverse indica-
tors, the specific measurement index used in a study may affect the relationship
between semantic distance and creative thinking. While semantic distance can
reflect creative thinking overall, its predictive power may vary across different
indicators (originality, fluency, elaboration, and flexibility). Forster and Dunbar
(2009) found that originality scores derived from semantic distance analysis bet-
ter predicted individual innovation ability than other common divergent think-
ing measures (fluency, flexibility, and elaboration). Flexibility, which involves
the ability to shift perspectives when solving problems and avoid conventional
approaches, is crucial for creative problem-solving. Beketayev and Runco (2016)
found that scores obtained through a Semantic-Based Algorithm (SBA) signifi-
cantly correlated with flexibility scores from traditional divergent thinking test
scoring. FElaboration, another dimension of creative thinking, represents the
practicality or applicability of creative ideas. Runco and Pritzker (1999) pro-
posed that refining and improving creative ideas enhances their quality. How-
ever, for semantic distance, because participants’ responses in creative thinking
tasks may vary in detail level (i.e., their elaboration), semantic distance-based
scoring may be affected by these differences (Forthmann, Oyebade, et al., 2019).

In summary, previous controversies have centered on whether semantic distance
can effectively measure creative thinking, and prior research has not compre-
hensively examined potential influencing factors. Given that measuring cre-
ative thinking effectively is fundamental to creativity research and application,
clarifying the relationship between semantic distance and creative thinking has
important implications for creative thinking assessment, development, and train-
ing. However, no study has yet integrated and examined this relationship from
a comprehensive perspective. Therefore, this study employs meta-analysis to
systematically investigate the relationship between semantic distance and cre-
ative thinking and to explore potential moderating variables. Theoretically, this
will help resolve existing controversies, provide a more complete and accurate
understanding of their relationship, offer scientific evidence for developing and
integrating creative thinking theories, and serve as a valuable supplement to
creativity measurement research. Practically, it will help reveal the specific con-
ditions under which semantic distance relates to creative thinking, provide new
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approaches for creative thinking assessment, and offer more targeted and pre-
cise personalized training programs and interventions for effectively enhancing
creative thinking and cultivating innovative talent.

2.1 Literature Search

This study comprehensively searched Chinese and English literature published
before October 2021 that examined the relationship between semantic distance
and creative thinking, with a secondary update conducted in December 2021.
Chinese literature was searched in the following databases: China National
Knowledge Infrastructure (CNKI), Wanfang Data Knowledge Service Platform,
VIP Chinese Journal Service Platform, China Doctoral Dissertations Full-text
Database, and China Master’s Theses Full-text Database, using keyword com-
binations such as “semantic distance,” “semantic network,” “latent semantic
analysis,” “creativity,” “creative thinking,” “creativity measurement,” “diver-
gent thinking,” and “divergent thinking measurement.” English literature was
searched in Springer Link, Science Direct, Wiley Online Library, ProQuest,
Google Scholar, and Web of Science using keyword combinations including “se-
mantic distance,” “LSA,” “creativity,” “innovation,” “divergent thinking,” “se-
mantic networks,” and “semantic.” Additionally, the reference lists of all in-
cluded studies, relevant review articles, and empirical papers were traced using
a citation E#fii% (backward search) method to ensure no relevant literature was
omitted. The initial search yielded 141 relevant articles.

2.2 Literature Inclusion and Exclusion Criteria

The retrieved literature was screened according to the following criteria (see Fig-
ure 1 [Figure 1: see original paper]): (1) Studies must be empirical investigations
of the relationship between semantic distance and creative thinking, excluding
purely theoretical discussions and literature reviews; (2) Complete data with
clear sample sizes; (3) Examination of the relationship between semantic dis-
tance and creative thinking with explicitly reported correlation coefficients or
convertible statistics (r-values or F-values, t-values, or 2 values that could be
transformed into r-values), excluding data obtained through structural equation
modeling, regression analysis, or other statistical methods; (4) No duplicate data
across studies—if multiple publications used the same dataset, only one was in-
cluded. Ultimately, 14 studies meeting meta-analysis criteria were obtained,
comprising 53 independent effect sizes and 4,729 samples.

2.3 Literature Quality Assessment

Literature quality was assessed using criteria established by Zhang et al. (2019),
including participant selection, data validity rates, internal consistency reliabil-
ity of measurement tools, and journal tier. The quality assessment was con-
ducted independently by two raters, yielding an inter-rater consistency Kappa
value of 0.946. According to Kappa interpretation standards: 0.40-0.59 indicates
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fair agreement, 0.60-0.74 indicates good agreement, and 0.75 or above indicates
excellent agreement (Orwin & Vevea, 1994). Thus, the inter-rater consistency
in this study reached a high level.

2.4 Literature Feature Coding

The included studies were coded as follows (see Table 1 ): publication informa-
tion (author names, publication year), sample size, mean age of participants,
effect size Zr, and creative thinking measurement indicators (fluency, flexibility,
elaboration, originality). Effect size extraction followed these criteria: (1) Each
independent sample was coded once; if a paper reported multiple independent
samples, they were coded separately; (2) If an independent sample had two
statistical indicators, the more conservative (less significant) indicator was se-
lected; (3) Correlation coefficients were transformed into Fisher’s Z values based
on normal distribution principles; (4) Duplicate publications were counted only
once. Two coders independently coded according to the inclusion and exclusion
criteria, achieving 95.2% coding consistency, indicating effective and accurate
literature coding.

2.5 Data Processing and Analysis

This study used Comprehensive Meta-Analysis 3.0 (CMA3.0) for data process-
ing and analysis. First, Q-tests and I? tests were conducted for heterogeneity
testing. Based on heterogeneity test results, the appropriateness of the selected
meta-analysis model was verified. The Q-test formula is: , where Zri is the ith
effect size and SE is the standard error of the mean effect size (Borenstein et al.,
2010). Second, the selected model was used to calculate and combine effect sizes.
Third, moderator effect tests including subgroup analysis and meta-regression
analysis were performed. If moderator effects were non-significant, JASP soft-
ware was used to estimate Bayes factors to further test whether results supported
the null hypothesis. Finally, publication bias was examined using funnel plots,
fail-safe numbers (Nfs; Viechtbauer, 2007), and Egger’s regression test (Egger
et al., 1997).

2.5.1 Effect Sizes

The meta-analysis used correlation coefficients (r) between semantic distance
and creative thinking as effect sizes. If some studies did not directly report
correlation coefficients but reported F-values, t-values, or 2 values, CMA3.0
software was used to calculate and synthesize these into correlation coefficients.

2.5.2 Model Selection

Random-effects and fixed-effects models are commonly used in meta-analysis.
Fixed-effects models assume a single true effect size across all studies, with ob-
served differences attributed to random error. Random-effects models allow for
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different effect sizes across studies (Kisamore & Brannick, 2008). For example,
studies with older, more educated, or healthier participants, or those using more
intensive interventions, may yield higher (or lower) effect sizes (Borenstein et
al., 2010; Nikolakopoulou et al., 2014). Specifically, if the meta-analysis focuses
solely on the relationship between independent and dependent variables with-
out considering other variables, a fixed-effects model is appropriate. However, if
participant characteristics, measurement tools, or experimental paradigms may
influence results, a random-effects model is more reasonable (Borenstein et al.,
2010). In this study, participants’ age and creative thinking measurement indi-
cators could influence the relationship between semantic distance and creative
thinking, so a random-effects model was selected, with heterogeneity tests used
to evaluate model reliability (Nikolakopoulou et al., 2014).

3.1 Heterogeneity Test

Heterogeneity test results for effect sizes are shown in Table 2 . The Q-value
was 667.359 (p < 0.001), indicating substantial heterogeneity among effect sizes
and supporting the use of a random-effects model to combine effect sizes (Niko-
lakopoulou et al., 2014). To compensate for the Q-test’s inability to assess
heterogeneity magnitude, I? tests were also conducted. Higgins et al. (2003)
suggested that I? values of 25%, 50%, and 75% represent low, moderate, and
high heterogeneity, respectively. In this study, I? was 92.21, indicating that
92.21% of total variance was due to true differences between effect sizes, rep-
resenting high heterogeneity that aligns with Q-test results. The Tau-squared
value was 0.092, suggesting that 9.2% of variance between studies could be used
to calculate weights. These results also suggest potential moderating variables
in the relationship between semantic distance and creative thinking, necessitat-
ing further analysis of moderator effects.

3.2 Publication Bias Test
3.2.1 Funnel Plot

Funnel plots were first used to examine publication bias. As shown in Figure
2 [Figure 2: see original paper], studies on the relationship between semantic
distance and overall creative thinking and its dimensions were basically sym-
metrically distributed and concentrated in the upper middle region, indicating
no severe publication bias (Light & Pillemer, 1984). However, to overcome the
subjectivity of visual asymmetry assessment, Egger’s regression (Egger et al.,
1997; Macaskill et al., 2010) or fail-safe number methods (Rosenthal & Robert,
1979) were used for further publication bias testing (Terrin et al., 2005).

3.2.2 Egger’s Regression Test

Egger’s regression test establishes a linear regression equation with standard-
ized effect size as the dependent variable and effect estimate precision as the
independent variable. An intercept close to 0 suggests minimal publication bias;
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an intercept of 0 indicates no publication bias (Egger et al., 1997). Whether the
intercept equals O can be tested through Egger’s regression intercept hypothesis
testing. Egger’s test showed an intercept of 1.249, p = 0.205 > 0.05, indicating
minimal likelihood of publication bias affecting results.

3.2.3 Fail-Safe Number Method

The fail-safe number represents the minimum number of unpublished studies
required to reverse meta-analysis results (Rosenthal & Robert, 1979). When
this number exceeds 5K + 10 (where K is the number of effect sizes included,
here K = 53), significant publication bias is unlikely (Hoeve et al., 2012). This
study’s fail-safe number was 1,269, far exceeding the critical value of 275. This
result indicates that findings on the relationship between semantic distance and
creative thinking and its dimensions are accurate and reliable, with minimal
possibility of publication bias.

3.3 Sensitivity Analysis

Heterogeneity tests indicated high heterogeneity across effect sizes. Based on
funnel plot visualization and effect size deviations, a stepwise deletion method
(e.g., Li et al., 2016; Liu et al., 2020; Sun et al., 2020) was used for sensi-
tivity analysis of heterogeneous effect sizes in the semantic distance-creative
thinking relationship. Many meta-analyses use sensitivity analysis to evaluate
result robustness and reliability (e.g., Greenhouse & Iyengar, 2009; Han et al.,
2020). Using CMA3.0’s “one study removed” function, sensitivity analysis re-
vealed that after excluding any single sample, the effect size for the semantic
distance-creative thinking relationship consistently ranged between 0.365 and
0.400, indicating high stability of meta-analysis results.

3.4 Main Effect Test

Due to high heterogeneity across studies, a random-effects model was used for
main effect analysis (Kisamore & Brannick, 2008). Results showed a correlation
coefficient of 0.379 between semantic distance and creative thinking (95%CI
[0.300, 0.452], Z = 8.745, p < 0.001) (see Table 3 ), indicating a significant
moderate positive correlation (Cohen, 1988).

3.5 Moderator Effect Test

This study used subgroup analysis for categorical variables and meta-regression
analysis for continuous variables.

3.5.1 Moderating Effect of Participants’ Age

Meta-regression analysis examined whether mean participant age significantly
influenced the relationship between semantic distance and creative thinking.
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Results showed a significant moderating effect of mean age (B = -0.0050, Z =
-3.84, 95%CI [-0.0077, -0.0024]).

3.5.2 Moderating Effect of Creative Thinking Measurement Indica-
tors

Measurement indicators in included studies comprised individual dimensions
(fluency, flexibility, originality, elaboration) and composite total scores. Moder-
ator tests showed significant moderation by creative thinking total scores and
sub-dimensions (Qb = 89.380, p < 0.001) (see Table 4 ). Semantic distance
showed significant positive correlations with fluency, flexibility, and originality
dimensions, but a significant negative correlation with elaboration. Subsequent
heterogeneity tests for correlations between semantic distance and each measure-
ment indicator revealed significant heterogeneity for flexibility (Qw = 63.436,
p < 0.001), originality (Qw = 10.542, p = 0.014), and fluency (Qw = 25.666,
p = 0.007), but non-significant heterogeneity for elaboration, indicating high
within-group homogeneity and combinability for the elaboration dimension.

4.1 Validity of Semantic Distance as a Measure of Creative
Thinking

This study found a significant positive correlation between semantic distance
and creative thinking (r = 0.379, p < 0.001), consistent with previous research
(Hass, 2017; Heinen & Johnson, 2018). This result further validates Mednick’s
(1962) Associative Theory of Creativity, which proposes that greater semantic
distance between concepts yields more creative and novel combinations. Se-
mantic distance effectively quantifies relationships between concepts and thus
reflects individuals’ associative ability (Benedek & Neubauer, 2013). For exam-
ple, in Prabhakaran et al’s (2013) study examining state creativity, participants
were prompted to generate creative versus non-creative associations, with differ-
ences in state creativity clearly reflected in variations in semantic distance. Gray
et al. (2019) also successfully used semantic distance to quantify participants’
associative ability and predict their creative performance. Additionally, most
included studies measured creative thinking through classic divergent thinking
tasks. As previously discussed, divergent thinking tasks require participants
to consider unconventional, novel uses for common objects—a task demanding
associative ability that has been confirmed in numerous studies (Hass, 2017;
Marron et al., 2018; Wang et al., 2018). Originality, as one evaluation di-
mension of divergent thinking tasks, has traditionally been calculated based on
the probability of a particular answer appearing across all responses (Acar &
Runco, 2015). This scoring logic is similar to semantic distance calculation, but
semantic distance offers superior objectivity. Probability-based quantification
depends on existing answer databases, which vary across studies, causing the
same answer to have different frequencies due to participant groups, culture,
and other factors. Semantic distance quantifies divergent thinking responses
using a unified corpus, and while the corpus and algorithms may affect specific
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results, the generalizability and objectivity are substantially improved compared
to traditional methods (Acar & Runco, 2019). In conclusion, at the theoretical
level, semantic distance effectively reflects associative ability—the core compo-
nent of creative thinking. At the operational level, its objective measurement of
originality complements traditional methods.

Neuroimaging research also provides indirect evidence for the semantic distance-
creative thinking relationship. From a brain network perspective, creative think-
ing is closely related to neural activity in the default mode network (DMN) and
executive control network (ECN) (Beaty et al., 2015). Core regions of the DMN
are associated with semantic and episodic memory (Marron & Faust, 2018). The
ECN can inhibit common, non-creative responses, facilitating access to more re-
motely associated concepts (Benedek & Neubauer, 2013). At the regional level,
a neural marker of creative thinking is activation of the left inferior frontal
gyrus (IFG) (see Chen et al., 2020), which researchers believe supports seman-
tic memory retrieval (Badre & Wagner, 2007; Chen et al., 2021) and generation
of remote associations during creative thinking (Ralph et al., 2017). Green et
al. (2015) also found that frontopolar cortex activation is not only closely related
to creative performance but is also a key brain region for perceiving semantic
distance (Green et al., 2012).

These findings suggest that cognitive and neural activities related to semantic
distance share similarities with the brain mechanisms underlying creative think-
ing. Moreover, as a continuous variable, semantic distance can more precisely
reflect quantitative variations in creative thinking rather than simple binary
comparisons (e.g., creative vs. non-creative conditions) (Kenett, 2018; Kenett,
2019; Kenett et al., 2017). Therefore, semantic distance offers unique advan-
tages for measuring creative thinking and is more suitable for neuroimaging
research than traditional creative thinking measures (Green, 2016).

However, this study found an effect size of 0.379 for the semantic distance-
creative thinking relationship, representing only a moderate magnitude (Cohen,
1988). This suggests that while semantic distance has some validity in measur-
ing creative thinking, its representational capacity for creative thinking is lim-
ited. Several factors may explain this. First, semantic distance is a text-based
measure, and its relationship with non-verbal creative thinking test results is
not strong (Green et al., 2015). Second, creative thinking involves not only
bottom-up associative processes but also top-down executive control processes
(Benedek et al., 2017). Semantic distance primarily relates to free association
processes, inevitably providing insufficient examination of executive control pro-
cesses (Marron et al., 2018), thereby reducing its explanatory power for creative
thinking. Third, creative thinking is influenced by both associative ability and
information retrieval capacity (Kenett et al., 2014). Using semantic distance
alone to investigate individual creative thinking may have limited predictive
power. Therefore, further theoretical and empirical investigation is needed re-
garding the use of this objective new indicator to represent creative thinking.
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4.2 Moderating Effects in the Relationship Between Seman-
tic Distance and Creative Thinking

This study found that participants’ age significantly moderated the relationship
between semantic distance and creative thinking, indicating that the relation-
ship varies across age groups. Specifically, the correlation gradually decreased
with increasing age. This may occur because age-related changes in semantic
memory structure and knowledge storage affect the relationship. First, seman-
tic memory structure becomes sparser with age (Dubossarsky et al., 2017; Wulff
et al., 2019; Zortea et al., 2014), leading to smaller semantic distances between
responses and prompts in older adults. In this case, semantic distance shows
reduced correlation with creative thinking and cannot fully represent creative
thinking ability. Second, changes in knowledge storage and life experience may
play a role. Common verbal creative thinking tasks require certain knowledge
reserves (Wu et al., 2005). Problem-solving ability in real-world contexts in-
creases with age (Shimonaka & Nakazato, 2007), though language ability may
not follow the same pattern (Ruth & Birren, 1985). This means that older
adults’ novel responses in creative tasks may stem from previous experience
and knowledge rather than creative thinking per se. Thus, although responses
may show large semantic distances from prompts, creative thinking is not the
sole contributor, and the correlation between semantic distance and creative
thinking decreases with age. These findings suggest that future research should
conduct longitudinal studies to verify these conclusions and more effectively
reveal the relationship between semantic distance and creative thinking.

Our meta-analysis also showed that correlation coefficients between semantic
distance and creative thinking differ across measurement indicators. Semantic
distance showed significant positive correlations with flexibility and originality,
with a stronger correlation for flexibility and weaker correlation for original-
ity. Additionally, semantic distance showed a significant negative correlation
with elaboration. These results indicate that creative thinking measurement
indicators moderate the relationship, likely because different indicators assess
distinct aspects of creative thinking. The highest correlation with flexibility
may reflect that flexibility involves switching between domains and changing
problem-solving approaches (Guilford, 1950). Higher flexibility is crucial for
generating ideas and may produce more creative responses (Goncalves et al.,
2013). When highly flexible individuals encounter specific words, they generate
more ideas from different categories or uses, reducing conceptual associations
and increasing semantic distance. The moderate negative correlation with elab-
oration may occur because responses to verbal creative thinking tasks vary in
word count (i.e., elaboration level), affecting semantic distance-based scoring.
Forthmann et al. (2018) argued that since semantic distance scores are calcu-
lated based on entire responses (phrases or short sentences composed of many
words) rather than single words, function words and conjunctions (e.g., “and” or
“s0”) may reduce overall semantic distance despite core responses having large
semantic distances and high originality (Dumas et al., 2020).
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4.3 Limitations and Future Directions

Previous research on the semantic distance-creative thinking relationship has
yielded inconsistent results, yet no study has systematically examined this rela-
tionship. This meta-analysis preliminarily clarified controversies and the vary-
ing correlations between semantic distance and different creative thinking mea-
surement indicators, revealing a moderate positive correlation. The findings
partially support the Associative Theory of Creativity (Mednick, 1962) and pro-
vide references for future research. However, several limitations remain: First,
research on this topic is still in its early stages, and this meta-analysis had a
relatively small sample, though it provides objective evidence. Future meta-
analyses with larger samples are needed. Second, many potential moderating
variables exist, but this study only examined two primary factors based on ex-
isting literature. Other variables, such as different databases and algorithms,
may affect the relationship (Beaty & Johnson, 2020; Dumas et al., 2020).

This study offers several implications for future research. First, given that
participants’ age and creative thinking measurement indicators influence the
relationship, future studies should consider these variables. Second, deeper
investigation and systematic summarization of the semantic distance-creative
thinking relationship are needed (Orwig et al., 2021), such as examining rela-
tionships between semantic distance and associative abilities closely linked to
creative thinking (e.g., associative fluency, associative flexibility, dissociative
flexibility) (He et al., 2020) and their cognitive and neural mechanisms, as well
as the influence of other higher-order cognitive functions (e.g., cognitive control,
working memory). Third, most current research focuses on domain-general cre-
ativity; future studies should examine relationships between semantic distance
and domain-specific creativity (e.g., scientific and artistic creativity) and their
cognitive and neural mechanisms. Finally, at the methodological level, future
research should systematically investigate relationships between semantic dis-
tance results derived from different corpora and computational methods and
creative thinking to provide a more solid theoretical basis for creative thinking
measurement.

5 Conclusions

This meta-analysis found a moderate positive correlation between semantic dis-
tance and creative thinking, moderated by participants’ age and creative think-
ing measurement indicators. Specifically: (1) The correlation between semantic
distance and creative thinking decreased with increasing participant age; (2)
Flexibility showed a stronger correlation with semantic distance than originality
and fluency, while elaboration was negatively correlated with semantic distance.
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