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Abstract 

Background: Physical activity is a health‑relevant lifestyle factor associated with various benefits on physical and 
mental health. Several meta‑analyses indicated effects of acute and chronic physical activities on elementary cogni‑
tive functions such as executive control processes, memory, and attention. Meta‑analytic evidence on the effects of 
physical activity on creative idea generation, which involves a conglomerate of these elementary cognitive functions, 
is largely missing.

Objective: A twofold approach was used to evaluate (1) if there is an association between habitual physical activ‑
ity and creative ideation and (2) if physical activity interventions (acute and chronic) enhance creative ideation 
performance.

Methods: Multilevel meta‑analytic methods were applied to (1) evaluate the cross‑sectional association between 
creative ideation performance and measures of habitual physical activity and (2) the effect of physical activity on 
creative ideation performance. Indicators of creative ideation (fluency, flexibility, originality, elaboration, or composite 
score), creativity domain (verbal, figural), population (adults, children), gender, study quality, and publication year 
served as moderator variables for both meta‑analyses. Analyses of intervention studies additionally examined the 
moderator variables study design (between, within), time of measurement (during, after), and implementation of 
intervention (acute, chronic).

Results: The applied meta‑analytic multilevel analysis indicated a medium effect for cross‑sectional studies (r = 0.22, 
SE = 0.06, p = 0.002, 95% CI [0.10–0.34]) based on 17 effects sizes from seven studies. The pooled effects of 28 inter‑
vention studies, providing 115 effect sizes, indicated a medium effect size of Hedges’ g = 0.47 (SE = 0.09, p < 0.001, 
95% CI [0.30–0.65]). Furthermore, a stronger effect was observed for chronic interventions of several days or weeks in 
comparison with acute interventions of one single bout.

Conclusion: This study adds important new meta‑analytic evidence on the beneficial role of physical activity beyond 
mental and physical health outcomes: Physical activity has a positive impact on creative ideation, which expands the 
literature on the role of physical activity in more elementary cognitive functions such as executive control, memory, 
and attention. Moderator analyses suggested that chronic interventions showed stronger effects than single bouts of 
physical activity. Rigorously conducted randomized controlled intervention studies and more cross‑sectional studies 
are needed to broaden the evidence in this nascent field of research.
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Key Points

• Cross-sectional studies and interventional stud-
ies show a medium-sized positive effect of physical 
activity on creative ideation performance.

• The effects of chronical physical activity are 
stronger compared to the effects of acute physical 
activity.

• Rigorously conducted randomized controlled inter-
vention studies and more cross-sectional studies 
are needed to broaden the evidence.

Introduction
Physical activity facilitates (mental) health and 
increases cognitive functions such as executive control, 
attention, and memory processes [1–7]. The dynamic 
interplay of specific cognitive functions is essential to 
produce creative solutions that are surprising, origi-
nal, and applicable [8]. While research on creativity has 
long been restricted to classic domains such as music, 
science, or the arts, recent studies have begun to dis-
cover the prominent role of creativity in the domain of 
sports. For instance, creative cognition and cognitive 
flexibility can facilitate game-related decision-making 
and prevent sport injuries [9]. Furthermore, creative 
cognition is an important factor in team sports with the 
potential to determine victory or defeat [10]. Although 
the impact of physical activity on cognitive functions 
is well known, reviews and meta-analyses have largely 
ignored its potentially enhancing effect on creative idea 
generation.

Can physical activity stop mental blocks and increase 
the uniqueness of ideas [8, 11–13]? And if so, can even a 
short run boost creative thoughts? Or is it necessary to 
train for weeks to finally achieve a higher creative out-
put? Are different domains of creative ideation affected 
to the same extent? Is the effect of physical activity 
restricted to quantitative facets of creativity (e.g., num-
ber of generated ideas), or does it similarly apply to cre-
ative quality (e.g., originality)? Although an increasing 
number of empirical studies have targeted these excit-
ing questions, not all of them have confirmed a positive 
link between physical activity and participants’ creative 
potential (i.e., performance in a divergent thinking task 
[14]; for a critical review see [15]). The increasing num-
ber of studies and inconsistent results call for a meta-
analysis, which quantifies the overall effect of physical 

activity on creative ideation and examine relevant mod-
erators. But first, why should a walk, a run, or a higher 
fitness level boost creativity at all?

Importantly, creative ideation can be considered the 
result of a complex interplay of cognitive functions, 
which is outlined in prominent dual-process models 
of creative thinking [16, 17]. Specifically, dual-process 
models suggest a dynamic interplay of associative (diver-
gent) and executive (convergent) processes that establish 
generative and elaborative/evaluative modes of creative 
thinking. Furthermore, creative ideation performance 
is associated with higher executive control [18–22] and 
fluid as well as crystallized intelligence [23]. In line with 
these behavioral findings, neuroscientific creativity stud-
ies indicated higher involvement of brain areas associated 
with executive control [24–26] (but see [27]; for meta-
analyses see [28–30]), memory processes [31, 32], and 
internal attention [33] during creative idea generation 
tasks. Taken together, physical activity may increase crea-
tive ideation performance via improving executive con-
trol, attention processes, and memory [34, 35].

The enhancement of cognitive functioning through 
physical activity is a field of increased interest [6]. Etnier 
and colleagues [2] conducted one of the first meta-
analyses on cognitive functioning and physical activity, 
which showed a small positive overall effect (d = 0.25). 
Chang et al. [36] indicated a positive effect of acute (i.e., 
one single bout of ) exercise on information processing, 
attention, crystallized intelligence, and executive func-
tions [37–39]. Ludyga et  al. [40] confirmed these find-
ings and suggested that age is an important moderator, 
as the effects of physical activity were strongest among 
preadolescent children and older adults. Wilke et  al. 
[9] extended this finding to acute effects of resistance 
training (i.e., strength training involving series of differ-
ent exercises in the upper and lower limbs), which also 
enhances cognitive functioning in healthy adults. Fur-
thermore, the meta-analysis of Etnier et al. [34] indicated 
that not only single bouts of exercises, but also chronic 
(i.e., longer lasting and repeated) physical activities have 
a positive pooled effect on cognitive performance [6, 7]. 
This indicates that a broad range of physical activities is 
associated with a variety of cognitive function increases. 
However, although the impact of acute and chronic phys-
ical activity on basic cognitive functions has been repli-
cated in several meta-analyses [9, 34, 35, 41, 42], it is still 
unclear if physical activity enhances creative ideation 
performance.
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While some empirical studies indicated an associa-
tion between creative ideation performance and acute 
as well as chronic physical activity [43, 44], others did 
not [45]. To the best of our knowledge, meta-analytic 
approaches on this topic are very rare [15, 46]. Only 
Chang et  al. [36] evaluated performance changes in 
divergent thinking tasks (i.e., alternate uses tasks) after 
acute physical activity. They found a weakly positive, 
but not significant pooled effect size of d = 0.11. Yet, 
this analysis included only 26 effects and was not spe-
cifically designed to investigate creative ideation per-
formance. Hence, systematic quantitative aggregation 
of studies examining associations between physical 
activity and creative ideation is needed.

Of note, creativity research on the boosting effects 
of physical activity is rather diverse, and studies largely 
differ in design (e.g., interventional, cross-sectional), 
type of physical activity (e.g., aerobic exercise, running), 
implementation of intervention (e.g., acute, chronic), 
time of measurement (e.g., during, after an interven-
tion), and the creativity domain of the task (e.g., verbal, 
figural). Furthermore, the extant literature differenti-
ates between qualitative and quantitative indicators 
of creative ideation performance [23]. In particular, 
the number of different ideas (i.e., fluency) is the most 
frequently applied quantitative measure of creative 
thinking, besides flexibility (i.e., number of different 
categories used to produce ideas) and elaboration (i.e., 
number of details added to an idea). Qualitative indica-
tors, on the other hand, are originality and other meas-
ures of creativity, which are traditionally assessed with 
frequency-based scores and external creativity ratings 
[47, 48]. Furthermore, some studies utilized composite 
scores of creativity (e.g., adding up the originality of all 
responses), thus aggregating qualitative and quantita-
tive aspects [49].

Using multiple creativity indices from single stud-
ies violates the criterion of effect size independence in 
meta-analysis, which is why this study applied a multi-
level meta-analytic approach with three levels [50–52]. 
We performed two separate analyses. First, we focused 
on cross-sectional data, which allowed analysis of the 
association between habitual physical activity (both 
self-reported and behavioral) and creative ideation 
performance. Second, we meta-analyzed intervention 
studies, which experimentally modified physical activ-
ity to increase creative ideation performance. This 
two-step approach allowed us to investigate, first, if 
an association between habitual physical activity and 
creative ideation performance exists [43] and, second, 
whether physical activity may have causal effects on 
creative ideation performance outcomes [6, 53].

Methods
Search Strategy
A systematic literature search for studies examining 
physical activity and creative ideation performance was 
carried out, based on the guidelines of the PRISMA 
statement [54]. Relevant articles were identified in the 
following online databases: Scopus, PsyArXiv, Google 
Scholar, Zenodo, PsycINFO, PubMed, Web of Science, 
CINAHL, and ProQuest. The search strings comprised 
terms describing physical activity (physical activity, bod-
ily movement, aerobic exercise, exercise program, danc-
ing, physical fitness, walking, and running) and terms 
describing creative ideation performance (creativity, 
creative thinking, divergent thinking, creative potential, 
open problem-solving, creative ideation, originality, and 
fluency; see Additional file 1 for the exact search strings 
for each database). The date of last search was January 
2022. Review articles, qualitative research, case studies, 
and study protocols were excluded. Furthermore, the 
reference sections of relevant articles were screened for 
additional research [15, 36, 46]. There were no time or 
language restrictions. Both published and unpublished 
studies (e.g., dissertations), cross-sectional, and longitu-
dinal/intervention studies were eligible for analysis.

Inclusion and Exclusion Criteria
Studies were required to report measures of creative 
ideation performance. For the purpose of this study, we 
focused on the (more common) divergent thinking tasks 
of creativity [55] and the relevant indicators of quantity 
and quality of ideas. Performance data on convergent 
creativity tasks, such as the remote association task [56], 
were not extracted (similar approach, see [23].) Physical 
activity was defined as any kind of (bodily) movement 
(produced by skeletal muscles) that results in a substan-
tial increase over the resting energy expenditure [39, 
57]. Studies investigating movements of lower energy 
expenditure, such as hand waving [58] and hand contrac-
tions [59, 60], were thus excluded from analysis. Eligible 
studies comprised different types of physical activity such 
as running and aerobic exercise. For the meta-analysis 
of cross-sectional data, studies with various measures 
of physical activity, such as self-report, fitness-test, and 
accelerometers, were eligible.

Data Extraction and Coding
Extracted data included (a) basic study information 
(authors, publication year, mean age), (b) indicators of 
creative ideation (fluency, flexibility, originality, elabora-
tion, and composite score), (c) creativity domain (ver-
bal, figural), (d) population (adults, children), (e) gender 
(percentage of female participants), (f ) implementation 
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of intervention (acute, chronic), (g) time of measurement 
(during, after), (h) study design (between, within), (i) 
effect size measures (effect size, standard error, standard 
deviation), and (j) study quality (study quality score, see 
Additional file 2). Study authors were contacted in cases 
of insufficient data for effect size calculation.

Study Quality and Risk of Bias
We applied two scales adapted from Frith et  al. [15] to 
assess the study quality of cross-sectional and interven-
tion studies. The protocols comprised six items (for 
cross-sectional studies) and eight items (for intervention 
studies), focusing on bias detection, control group/con-
dition, randomization, and creative ideation task specifi-
cations (Additional file 2). Each item was scored 1 if the 
respective criterion was met and 0 if not. The resulting 
study quality score served as moderator in analysis. For 
intervention studies, the maximum of the quality score 
was 7 and the lowest score was 2, with higher scores indi-
cating higher quality of the study (see Table 2; for cross-
sectional studies: Max = 5, Min = 3; see Table 1). Studies 
were not excluded based on quality.

Statistical Analysis
Most studies reported effect sizes for more than one 
indicator of creative ideation performance (e.g., fluency, 
originality). The independence of effect sizes is crucial 
to avoid an overlap of information of the included effect 
sizes and to provide unbiased effect size estimations 
[50, 52]. The present multilevel meta-analysis structure 

integrated multiple effect sizes both within and between 
studies by distinguishing three levels of variance. The 
sampling variance of the extracted effect sizes (i.e., out-
comes) was modeled at level 1, the variance of effect sizes 
within the same study at level 2, and the variance of effect 
sizes between different studies at level 3 [50, 52]. Het-
erogeneity was examined with moderator analysis if less 
than 75% of the total amount of variance could be attrib-
uted to the sampling variance at level 1 [61], which indi-
cated that a meaningful amount of variance lay within 
and between the studies (i.e., at level 2 and level 3 [52]).

Two separate multilevel meta-analyses were conducted. 
The first meta-analysis focused on cross-sectional effects 
of physical activity on creative ideation performance 
and used the correlation coefficient r as the effect size 
measure. Quantification of the effect size magnitude was 
based on the thresholds devised by Cohen: small (0.1), 
medium (0.3), and large (0.5) [62]. A positive effect size 
indicated that higher levels of habitual physical activ-
ity were associated with a higher level of creative idea-
tion performance. The second meta-analysis examined 
the effects of physical activity interventions on creative 
ideation. This analysis used Hedges’ g, which provides 
a better effect size estimation for small sample sizes as 
compared to Cohen’s d [62]. Quantification of the effect 
size magnitude for Hedges’ g was performed using the 
thresholds defined for Cohen’s d (see above; [62]). A posi-
tive effect size indicated higher levels of creative ideation 
after the physical activity intervention than before. The 
meta-analysis of intervention data included studies with 

Table 1 Study characteristics: cross‑sectional studies

n number of participants, ni number of participants in the independent subsample i, numbers in parentheses designate the independent subsamples i, e.g., Piya-
Amornphan et al. (1–3)

Study Year Participants Age (mean, SD/range) Creative ideation task Physical activity measure Study 
quality

Cantarero and Carranque [67] 2016 n = 40 32.95 (9.07) Creative imagination test for 
adults [68]

International physical activity 
questionnaire [69]

3

Cavallera et al. [70] 2011 n = 61 21.64 (2.85) Torrance test of creative 
thinking [71]

Hours of sport activity per 
week

4

Chen et al. [72] 2021 n = 40 22.98 (1.95) Alternate uses test [73] International physical activity 
questionnaire [69]

4

Latorre Román et al. [74] 2017 n = 308 9.72 (1.25) Creative imagination test for 
children [75]

Fitness‑test battery (20 m 
running speed)

4

Perchtold‑Stefan et al. [76] 2020 n = 98 23.06 (3.40) Verbal imagination subscales 
of Berliner Intelligenzstruktur‑
test [77]
test for creative thinking‑
drawing production [78]

Freiburger questionnaire on 
physical activity [79]

4

Piya‑Amornphan et al. (1–3) 
[80]

2020 n1 = 521
n2 = 487
n3 = 439

6–9
1–13
14–17

Test for creative thinking‑
drawing production [78]

Thailand physical activity 
children survey‑the student 
Questionnaire [81]

3

Rominger et al. [43] 2020 n = 79 22.95 (3.34) Alternate use task [73]
Torrance test of creative 
thinking [71]

Tri‑axial acceleration sensors 
(counts/min)

5
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between- and within-subjects designs. The correlation 
between two time points of assessment was set to r = 0.50 
to estimate the corresponding effect sizes for studies with 
a within-design not reporting this association. We fur-
ther calculated sensitivity analyses by applying the corre-
lation coefficients of r = 0.10 and r = 0.90.

Statistical analysis was performed with R [63], using 
the rma.mv function of the metafor package ([64]; for a 
detailed tutorial, see [52]). Restricted maximum likeli-
hood (REML) estimation method was used for estimat-
ing parameters of the meta-analytic model [50, 52]. 
Moderator analyses for categorical and continuous mod-
erator variables were conducted (e.g., study quality). 
Dummy-coded variables were created for the categorical 
moderators, comprising indicators of creative ideation 
performance (flexibility, originality, elaboration, or com-
posite score vs. fluency [reference category]; for a similar 
approach, see [23, 65]), population (adults vs. children 
[reference category]), and creativity domain (verbal vs. 
figural [reference category]). For the meta-analysis of 
intervention studies, the implementation of intervention 
(chronic vs. acute [reference category]), time of measure-
ment (during vs. after [reference category]), and the study 
design (between vs. within [reference category]) were 
added as further categorical moderators. For both meta-
analyses, publication year, gender (percentage of female 
participants), and study quality were treated as continu-
ous moderators.

We provide visualization of individual studies’ results 
using forest plots for meta-analyses with multiple out-
comes [66]. Before drawing the forest plot, separate 
random-effects meta-analyses were conducted for each 
study. Publication bias was examined through funnel 
plots [66] and Egger’s regression test. Publication bias 
refers to the problem that studies with significant results, 
and large effect sizes are more likely to be published than 
studies without significance [62]. This can lead to a bias 
in effect size estimation.

Results
Study Selection and Study Characteristics
Database search identified a total of 29,184 articles. Four 
articles were identified through other resources. After 
removing duplicates and screening titles and abstracts, 
83 articles remained eligible for further examination. In 
total, another 48 articles had to be excluded that pre-
sented either another topic (14), qualitative research 
(2), or planned research (1), were a review article (2), a 
case study (1), or a study protocol (1); 17 studies did not 
provide sufficient data to calculate effect sizes, 6 studies 
investigated movements with low energy expenditure, 1 
study measured creativity using a self-description scale, 
and 3 studies provided no details on the type of examined 

creativity. A total of 35 studies were included in the anal-
yses (i.e., 7 cross-sectional studies and 28 intervention 
studies; see Fig. 1). Studies were published between 1985 
and 2022. For detailed study description, see Table 1 and 
Table 2.

Cross‑Sectional Studies
Seven studies were included for analysis, with a total of 
17 effect sizes based on the data of 2073 participants. The 
aggregated effect was medium-sized, r = 0.22 (SE = 0.06, 
p = 0.002, 95% CI [0.10–0.34]). The estimated variance 
between studies (level 3) was τ2 = 0.025 (81.52%) and 
within studies (level 2) was τ2 = 0.000 (< 0.01%). 18.48% of 
the total variance could be attributed to the variance at 
level 1. Figure 2 shows a forest plot for all included effect 
sizes.

Moderator analyses for indicators of creative ideation 
performance (p = 0.658), creativity domain (p = 0.727), 
population (p = 0.215), study quality (p = 0.586), gender 
(p = 0.271), and publication year (p = 0.060) were not sig-
nificant. For details on moderator analysis, see Additional 
file 3. In line with Egger’s regression test (p = 0.228), the 
funnel plot did not indicate publication bias (Fig. 3).

Intervention Studies
Twenty-eight studies were included for analysis, with a 
total of 115 effect sizes and a total of 1624 participants. 
The aggregated effect size was medium, with Hedges’ 
g = 0.47 (SE = 0.09, p < 0.001, 95% CI [0.30–0.65]). The 
estimated variance components were at level 3 τ2 = 0.216 
(62.65%) and at level 2 τ2 = 0.075 (21.84%). 15.51% of the 
total amount of variance could be attributed to the sam-
pling variance at level 1. Figure 4 shows the forest plot of 
all effects.

Moderator analyses for indicators of creative ideation 
performance (all p = 0.699), creativity domain (p = 0.549), 
population (p = 0.060), time of measurement (p = 0.198), 
and study design (p = 0.673) were not significant. Fur-
thermore, the continuous moderator analysis for study 
quality (p = 0.720), gender (p = 0.083), and publication 
year (p = 0.840) were not significant. However, the sig-
nificant moderator analysis for implementation of inter-
vention (p = 0.020) showed that the mean effect of acute 
physical activity was lower (Hedges’ g = 0.37, p = 0.020) 
than the mean effect of chronic physical activity (Hedges’ 
g = 0.89, p < 0.001; details on moderator analysis see 
Additional file 3). In accordance with a significant Egger’s 
regression test (p = 0.009), the asymmetrical distribution 
of effects in the funnel plot was indicative of small-study 
effects, which could imply publication bias (see Fig. 5).

Robustness of the estimated effect was exam-
ined through outlier detection. The effects of 



Page 6 of 17Rominger et al. Sports Medicine - Open            (2022) 8:62 

studies were judged as outliers if the aggregated effect 
size exceeded ± 2 standard deviations. Due to this, we 
trimmed the available data and excluded five effect sizes 
(three from one study) from analysis. The nonsignificant 
Egger’s regression test of the trimmed dataset (p = 0.911) 
did not argue for an asymmetrical distribution of effects. 
The pooled effect size of the reduced dataset still indi-
cated a significant Hedges’ g = 0.39 (SE = 0.06, p < 0.001, 
95% CI [0.27–0.51]).

Further sensitivity analyses for the overall-effect were 
calculated for within-design studies applying r = 0.10 
and r = 0.90 for the correlation between two time points 
to estimate the corresponding effect sizes. These analy-
ses showed similar results for both correlations (r = 0.10: 
Hedges’ g = 0.47, p < 0.001; r = 0.90: Hedges’ g = 0.46, 
p < 0.001).

Discussion
In this systematic quantitative review, which includes 
two meta-analyses, we analyzed the effect of physical 
activity on creative ideation performance. The cross-
sectional meta-analysis indicated a positive association 
between habitual physical activity and creative idea-
tion performance. The second meta-analysis showed 
that physical activity interventions enhance creative 
ideation performance. Moderator analysis indicated 
that even short periods of physical activity such as run-
ning or walking may boost creative potential. However, 
longer trainings showed stronger effects. Furthermore, 
physical activity did neither differentially affect verbal 
or figural creative ideation, nor the quantity (e.g., flu-
ency) or quality (e.g., originality) of ideas. Neither 
population, gender, nor study quality moderated the 

Records identified through database
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Fig. 1 PRISMA flow diagram
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observed effect sizes. The highest proportion of vari-
ance of effects was observed between studies at level 
3, which could indicate high variability in methods for 
intervention as well as cross-sectional studies.

The included cross-sectional studies showed a medium 
effect of habitual physical activity on measures of creative 
ideation performance. This effect is in line with findings 
for cognitive functioning [39]. However, the pooled effect 
was based on seven methodologically heterogeneous 

studies. Five of these studies assessed habitual physical 
activity by self-report measures such as the Freiburger 
Questionnaire on Physical Activity (FQPA [79]; see 
Table  1) and only two studies applied behavioral meas-
ures of physical activity. Rominger et al. [43] used acceler-
ometer sensors, which were worn for 5 days in everyday 
life, and Latorre Román and colleagues [74] applied a 
fitness test battery in a sample of 308 primary school 
students to measure physical activity. Although the meta-
analysis on cross-sectional data indicated a medium-
sized positive link between creative ideation performance 
and habitual physical activity, the causal direction of the 
effect in these studies remains unclear.

In order to investigate the causal effect of physical 
activity on creativity, the second part of this study exam-
ined intervention studies, which showed a medium-sized 
effect. In a recent narrative review, Frith et al. [15] con-
cluded that the empirical rigor of available studies on the 
association between physical activity and creative idea-
tion performance is quite diverse, which would conse-
quently hamper the quality of meta-analyses. Basically, 
this criticism could also apply to the present meta-anal-
ysis. However, in this particular context it is important 
to consider that 16 further studies (46% of studies) have 
been published since Firth’s review. This indicates the 
increasing relevance of this research topic and the rapid 
accumulation of data. During the last decade, 86% of 

Fig. 2 Forest plot of cross‑sectional studies. J represents the number of outcomes. Black squares in the forest plot represent the meta‑analytical 
study mean and the corresponding 95% confidence interval. Grey confidence intervals represent the sampling variance of observed effect sizes 
within each study and indicate the influence of the study sample mean on study precision. The thickness of the grey confidence intervals is 
proportional to the number of effect sizes within a study [66]. The numbers in parentheses designate the independent subsamples within a study

Fig. 3 Funnel plot of cross‑sectional studies. The size of the dots is 
proportional to the number of effect sizes included in the studies



Page 11 of 17Rominger et al. Sports Medicine - Open            (2022) 8:62  

the seven cross-sectional studies and about 82% of the 
28 included intervention studies have been published 
(see Tables 1 and 2). Furthermore, to address this critical 
issue statistically, we have added the continuous modera-
tors of scientific quality to our multilevel analyses, which, 

however, did not show significant influences on the two 
pooled effect sizes.

While cross-sectional studies do not permit causal con-
clusions, their designs are much more robust [15]. This 
is particularly relevant because double-blinded interven-
tion studies, which would control for potential placebo-
effects, are not available in this field of research. This 
contrasts with studies investigating creativity-enhancing 
effects by means of substance intake, such as alcohol, 
cocaine, or caffeine [112–115], as well as brain stimula-
tion studies [116–118]. In these experiments, the experi-
menter, the participants, and the originality raters can be 
blinded more easily. Furthermore, in these studies active 
control groups and control conditions only differ with 
respect to the dose of substance of interest.

All included studies in our meta-analyses used diverse 
methodological approaches, especially concerning the 
type of physical activity applied. Specifically, chronic 
physical activity intervention studies are less common, 
and most studies investigated the effects of single exer-
cise sessions on creative ideation performance (75%; 
see Table 2). This might be one reason for the observed 
heterogeneity and high level of observed between-study 

Fig. 4 Forest plot of cross‑sectional studies. J represents the number of outcomes. Black squares in the forest plot represent the meta‑analytical 
study mean and the corresponding 95% confidence interval. Grey confidence intervals represent the sampling variance of observed effect sizes 
within each study and indicate the influence of the study sample mean on study precision. The thickness of the grey confidence intervals is 
proportional to the number of effect sizes within a study [66]. The numbers in parentheses designate the independent subsample within a study

Fig. 5 Funnel plot of intervention studies. The size of the dots is 
proportional to the number of effect sizes included in the studies
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variances of 63% for intervention studies. Nevertheless, 
most moderators of the present meta-analyses failed to 
show significance. This observation might have at least 
two potential explanations. First, these moderators have 
no effects. The null finding for indicator of creativity 
domain and indicators of creative ideation performance 
is in line with a meta-analysis reporting similar enhanc-
ing effects of chronic physical activity for memory, atten-
tion, and executive functions [119]. A second explanation 
might be a lack of statistical power to detect such mod-
erators, specifically when looking at meta-analysis on 
more basic cognitive functions. A recent meta-analysis of 
Ludyga et al. [119] analyzed 80 studies, and the review of 
reviews of Biddle et al. [6] even reported the aggregated 
information of 392 studies. In this context, it should be 
noted that gender showed a trend for significance to 
moderate the pooled effect of the present meta-analysis. 
Physical activity interventions led to lower enhancement 
as the percentage of women increased. This finding is 
well in accordance with Ludyga et al. [119], who showed 
a generally small improvement in cognitive function 
after chronic interventions, which was less pronounced 
in women. In addition, due to the high heterogeneity 
of approaches to describe and report exercise interven-
tions (e.g., intensity), the study details are not sufficient 
to investigate potentially relevant moderators, such as 
type of exercise and exercise intensity. This warrants fur-
ther empirical studies with high methodological rigor 
[15]. Particularly, cross-sectional studies have the great 
potential to complement the findings of randomized and 
well-controlled intervention studies [39, 72]. This would 
be important to improve the quality and quantity of avail-
able data, which would in turn allow to investigate poten-
tial moderating variables in greater detail. The increase 
in available studies should also ameliorate the observed 
publication bias (for intervention studies), which did not 
strongly impact the reported study results. After adjust-
ment for publication bias (via trimming of high effects), 
the effect size remained quite similar. Notwithstanding 
these restrictions, the present meta-analyses revealed a 
reliable and robust effect of acute, chronic, and habitual 
physical activity on creative ideation performance [2].

The meta-analysis of intervention studies indicated 
an effect of physical activity on creative ideation per-
formance, which was more pronounced for chronic in 
contrast to acute (single bouts of ) physical activity [36]. 
This finding is in line with Etnier et al. [2], who reported 
stronger effects for chronic interventions on cognition 
(but see [42] for children). Although differential effects 
on more basic cognition are well known, the relevant 
mechanisms for chronic and acute interventions are still 
poorly understood.

Presumed Psychological Mechanisms
The findings of the present meta-analyses are in line with 
the general assumption that physical activity offers a 
change, that is the transition from one state to the other, 
which could enhance the quality and the quantity of 
ideas by preparing people to deal with these changes [96, 
98]. Main et  al. [98] showed in three experiments that 
changes in physical activity enhanced creative thinking, 
while inactivity or repetitive physical activity lowered it. 
However, this line of argumentation is strongly restricted 
to acute effects of physical activity and does not provide 
explanations for the stronger chronic effects of physi-
cal activity on creative ideation performance. A second 
suggested mechanism why physical activity could boost 
creative ideation performance besides gearing for change 
is that acute as well as chronic physical activity is asso-
ciated with higher positive affect and reduced negative 
affect and stress [120–123]. Based on the broaden and 
build theory, which assumes that positive affect coin-
cides with more original ideas via cognitive flexibility [65, 
124], the physical activity-associated affective shift was 
suggested to increase creative ideation performance [43, 
87, 125]. Although this hypothesis has been investigated 
with cross-sectional and intervention studies, to the best 
of our knowledge, no study to date has confirmed the 
implied mediating role of positive affect on creative idea-
tion outcome [43, 82, 98, 108]. However, as outlined by 
Biddle et al. [6], the effects of physical activity on stress 
(negative affect) and positive affect in ecologically valid 
settings could be a fruitful area for future research [43, 
126]. The collection of extensive longitudinal data might 
provide a more detailed picture of the mechanisms of 
physical activity on affect and creative ideation perfor-
mance [126]. Besides these psychological mechanisms, 
physiological mechanisms may also explain the enhanc-
ing effect of physical activity on creative cognition. If 
sports, exercise, and fitness training stimulate creative 
cognition via improvements in cognitive functioning, 
such as executive control, attention, and memory pro-
cesses [7, 119], similar physiological mechanisms might 
be valid for both domains.

Presumed Physiological Mechanisms
Changes in the brain-derived neurotrophic factor 
(BDNF), structural changes in brain areas, functional 
connectivity changes, as well as changes in blood flow 
and neurotransmitters constitute powerful physiologi-
cal mechanisms tightly linked to physical activity [2, 
119, 127–130]. Although acute physical activity can 
induce changes in BDNF, (cerebral) blood flow, and the 
release of neurotransmitters dopamine and norepineph-
rine, structural and functional physiological changes are 
more strongly related to chronic interventions [5, 7, 38]. 
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Accordingly, a two-week running intervention induced 
structural brain changes associated with improvements 
in participants’ affective functions. Fink et  al. [131] 
further showed that (short) chronic physical activity 
interventions might have the potential to modulate psy-
chological functions via changes in brain structure [39, 
130]. Since positive affect is associated with creative idea-
tion performance [43], this study might hence provide 
one potential line of reasoning of how creative ideation 
could be modulated by chronic physical activity-induced 
brain changes. A meta-analysis on fMRI activation 
data indicated that physical exercise leads to activation 
changes in the precuneus, frontoparietal networks, and 
default mode networks [132], which are associated with 
creative ideation performance [25, 26, 133–136]. This 
is in accordance with reviews concluding that physical 
activity has the potential to improve the structural plas-
ticity and function of the brain throughout the life span, 
specifically in neurological and psychiatric patients [5, 7, 
39, 137].

The neuro-protective role of physical activity was 
coined brain health and could constitute an important 
target of future creativity research [5, 7, 39, 41], where 
creative ideation performance may serve as a meaning-
ful behavioral indicator of a flexible, original, innova-
tive, and healthy brain in children as well as in adults. 
Importantly and critically, however, research on boost-
ing creative performance by means of physical activity 
needs further rigorous and well-powered investigations 
in randomized controlled trials and with proper control 
groups involving neurophysiological methods (see [39], 
for cognitive functions). Specifically, the dose–response 
relationship (i.e., effect of duration, repetition, and inten-
sity) between physical activity and creative ideation per-
formance increases seems to be an important target for 
future research in order to further confirm causality [6, 9, 
34, 53, 119].

Conclusion
Creative cognition is relevant for team sports [138], 
and physical activity and sports, in turn, can boost cre-
ative ideation performance. The present meta-analysis 
highlights this synergistic effect [39] by suggesting an 
impact of physical activity on creative idea generation. 
The observed enhancing medium-sized effect is in line 
with the current state of knowledge assuming a boost 
of basic cognitive functions, such as executive control, 
attention, and memory due to physical activity [2, 7, 
119]. Furthermore, the present study expands this evi-
dence to the field of creativity research and suggests 
that physical activity could increase the complex and 

dynamic interplay of cognitive functions, ultimately 
facilitating creative ideation. The present findings 
encourage further investigations in representative sam-
ples to learn more about the mechanisms of creativity 
enhancement via physical activity, which is a growing 
field of interest relevant for health, sport, and sports 
medicine [72, 82, 139]. In the future, rigorous cross-
sectional and experimental intervention research could 
help to further develop public health recommendations 
for physical activity as an important lifestyle factor [39].
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