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Abstract
Findings relating to the impact of mindfulness interventions on creative performance remain inconsistent, perhaps because 
of discrepancies between study designs, including variability in the length of mindfulness interventions, the absence of con-
trol groups or the tendencies to explore creativity as one unitary construct. To derive a clearer understanding of the impact 
that mindfulness interventions may exert on creative performance, two meta-analytical reviews were conducted, drawing 
respectively on studies using a control group design (n = 20) and studies using a pretest–posttest design (n = 17). A positive 
effect was identified between mindfulness and creativity, both for control group designs (d = 0.42, 95% CIs [0.29, 0.54]) and 
pretest–posttest designs (d = 0.59, 95% CIs [0.38, 0.81]). Subgroup analysis revealed that intervention length, creativity task 
(i.e., divergent vs. convergent thinking tasks) and control group type, were significant moderators for control group studies, 
whereas only intervention length was a significant moderator for pretest–posttest studies. Overall, the findings support the 
use of mindfulness as a tool to enhance creative performance, with more advantageous outcomes for convergent as opposed 
to divergent thinking tasks. We discuss the implications of study design and intervention length as key factors of relevance 
to future research aimed at advancing theoretical accounts of the relationship between mindfulness and creativity.

Keywords Mindfulness · Creative performance · Moderator variables · Review · Meta-analysis

Mindfulness is defined as paying attention in a particular 
way, on purpose, in the present moment, and nonjudg-
mentally (Kabat-Zinn, 1990). It has received consider-
able interest based on its apparently advantageous effect 
on cognition, which has prompted much research aimed 
at investigating the nature and extent of the benefits of 

mindfulness-based interventions on cognitive task per-
formance. Most mindfulness-based interventions include 
core mindfulness techniques of focused attention and open 
monitoring, which aim to bring awareness to the present 
moment without feelings of judgment or any sense of being 
overwhelmed (Kabat-Zinn, 1982). Importantly, research 
has indicated a key role for mindfulness in enhancing per-
formance on attentional tasks (e.g., the dichotic listening 
task; Chin et al., 2021), which is perhaps unsurprising 
given that a good degree of attentional control is required 
to stay engaged in mindfulness (Norris et al., 2018). Effec-
tive attentional processing is also claimed to be essential 
for successful performance on various high-level cognitive 
tasks, including creative problem-solving (Zabelina, 2011), 
which raises the question of whether mindfulness-based 
interventions can benefit creative cognition. This question 
forms the focus of the current review. There is agreement 
that mindfulness and creativity share several important 
processes, including attention and working memory. This 
has led researchers to investigate this relationship, yet the 
literature remains confusing and in need of simplification 
(cf. Lebuda et al., 2016).

Public significance statement The present meta-analyses 
demonstrate that mindfulness is an effective intervention 
for improving creative performance, more so for convergent 
compared with divergent thinking tasks, suggesting different 
cognitive control states are at play, resolving discrepant findings 
in the literature. Importantly, the main moderators are study 
design and intervention length, the implications of which 
we discuss to aid further research. These findings provide a 
foundation to explore theoretical explanations, leading to a 
clearer understanding of the mindfulness–creativity link.
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The present review aims to address inconsistencies in 
findings using meta-analytical methods to combine inde-
pendent studies and calculate the overall effects of mind-
fulness-based interventions on creativity tasks, while also 
taking into consideration the multidimensional nature of 
creativity. We additionally aim to address concerns that 
have been voiced in the literature regarding mindfulness-
based interventions and methodological designs such as the 
type of control group present in intervention-based studies 
(Baer, 2003; Bishop, 2002). Although all mindfulness-based 
interventions share the same goal of promoting mindful-
ness, techniques differ considerably in terms of duration, 
the object of attentional focus and how attentional focus is 
directed toward an object. Such inconsistencies in mindful-
ness interventions have made it difficult to reach a consen-
sus on the relationship between mindfulness and creativity. 
Before reporting our meta-analytical review, we first pro-
vide an overview of the different theoretical perspectives 
that have been proposed to explain the underlying mech-
anisms associated with mindfulness, as well as the theo-
retical underpinnings of the link between mindfulness and 
creativity.

Theoretical perspectives on mindfulness

Mindfulness is interpreted as a set of skills that comprise 
both state and trait domains (de Sousa et al., 2021). Trait 
mindfulness refers to the innate capacity of paying and 
maintaining attention to the present moment with a nonjudg-
mental attitude, whereas state mindfulness is the intentional 
and deliberate practice of mindfulness, which leads to a state 
of awareness and sustained attention to the present moment 
(Tang, 2012). Without intervention, there are consistent find-
ings that trait mindfulness is stable over time, and enhanced 
with regular mindfulness training (Kiken et al., 2015). Tra-
ditionally, the literature has tended to focus on mindfulness 
as a unitary construct, rather than as an umbrella term that 
encompasses both trait and state characteristics and vari-
ous underpinning facets. However, defining such an overall 
mindfulness construct is difficult, as mindfulness is devel-
oped and elicited by a range of techniques that tap into dif-
ferent processes (Goldberg et al., 2016).

In terms of the underlying mechanisms of mindfulness, 
many researchers emphasize the necessity of cultivating 
attention regulation early in practice (Wolkin, 2015). A good 
degree of attentional control is required to stay engaged in 
mindfulness, with many researchers reporting improved 
attentional control as an effect of single and repeated mind-
fulness practice (Malinowski, 2013). Monitoring prac-
tices, like maintaining a direct focus on a chosen object 
(e.g., the breath) are often introduced first in mindfulness 
interventions, to train attention to observe present-moment 

experience and disengage from distractors (Lindsay et al., 
2018). This may account for consistent reports of improved 
attentional control following both long-term (Wimmer et al., 
2020) and short-term (Thompson et al., 2021) mindfulness 
practice.

The idea that attentional control is the primary factor in 
mindfulness practice is also reinforced by the fact that there 
is a component of attention included in most proposed mod-
els of the mechanisms of mindfulness. Shapiro et al. (2006) 
highlighted the importance of attention alongside attitude 
and intention in proposing an explanation for the beneficial 
effects of mindfulness on cognition. Tang et al. (2015) later 
claimed that attentional control and emotional regulation 
contribute to overall improved self-awareness, which is how 
mindfulness elicits beneficial effects on cognition. Impor-
tantly, too, despite the overlap between mindfulness and 
other modes of meditation (e.g., both require participants 
to sit quietly for a period), it is the specific characteristics 
of mindfulness that distinguishes it from meditation so as 
to elicit beneficial outcomes for cognition. Indeed, the same 
beneficial outcomes are not reported for active control group 
comparisons that mirror mindfulness, but which exclude 
nonjudgmental awareness (MacCoon et al., 2012; Noone & 
Hogan, 2018; Rosenkranz et al., 2019). We further note that 
the nonjudgmental awareness component of mindfulness is 
not a feature of personality constructs such conscientious-
ness (e.g., B. W. Roberts et al., 2014).

Considering the importance of attentional processes in 
mindfulness practice, it is necessary to explore the three 
networks of attention, namely, alerting responses, orienting 
to sensory stimulation, and monitoring of thoughts, actions 
and emotions (Giovannoli et al., 2021). The Attention Net-
work Task (ANT; Fan et al., 2002) is an experimental task 
that measures the three networks of attention and that is 
therefore commonly used as an index to explore the effects 
of mindfulness on alerting, orienting, and executive control. 
Kwak et al. (2020) reported increased orienting and alerting 
using the ANT following an investigation into the effects of 
a 4-day mindfulness course. There are, however, some stud-
ies that report no change to attentional processes following 
mindfulness interventions, including long-term mindfulness-
based stress reduction courses (MBSR; Anderson et al., 
2007). Despite consistent reports highlighting the impor-
tance of attentional processes in the underlying mechanisms 
of mindfulness, the current review recognizes the inconsist-
encies in findings and the need for further research to under-
stand fully the link between mindfulness and attention.

There is also growing evidence that attentional pro-
cesses play a role in supporting successful working memory 
(WM)—that is, the brain’s capacity selectively to maintain 
and manipulate goal-relevant information without distraction 
(Oberauer, 2019). It is, therefore, unsurprising that mindful-
ness has also been shown to improve WM, given its strong 
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links with attentional processes. Researchers have suggested 
that specific mindfulness techniques, such as focusing on a 
specific object (e.g., the breath), activate the same neural 
networks that are used for attentional and WM processes, 
facilitating greater efficiency (Schöne et al., 2018). Fur-
thermore, a range of brain imaging research exists that has 
investigated the effects of mindfulness on WM, which gener-
ally indicates that the use of mindfulness stimulates neural 
regions associated with WM (e.g., the prefrontal cortex: 
Bailey et al., 2019; Li et al., 2021; Mrazek et al., 2012). 
Bailey et al. (2019) proposed that increased WM capacity 
in mindfulness practitioners might not be a result of higher 
WM activity but instead arises from the deployment of an 
alternative neural strategy during WM tasks, potentially 
allowing for more accurate responses with less neural acti-
vation. However, these results are yet to be replicated.

It is also noteworthy that the current understanding of 
mindfulness is starting to shift away from perceiving it as a 
unitary concept toward viewing it from a multicomponent 
perspective whereby it entails various facets. When consid-
ering the latter approach, research consistently demonstrates 
strong, positive correlations between trait mindfulness and 
performance in different cognitive control tasks (Ruocco & 
Direkoglu, 2013; Schmertz et al., 2009) as well as between 
different facets of trait mindfulness and specific aspects of 
cognitive function (de Sousa et al., 2021). For example, 
individuals with high levels of “observing”, which is a 
mindfulness facet describing individuals’ awareness, have 
better visual working-memory performance, whereas those 
high in “nonreactivity” (also referred to as “acceptance”) 
show greater cognitive control flexibility, assessed with a 
colour-word Stroop task (Anicha et al., 2012). These find-
ings suggest that trait mindfulness could potentially exert a 
moderating influence over the effects of mindfulness inter-
ventions on cognitive function, such that those with high 
trait mindfulness may benefit more from such interventions. 
However, this is speculative as measures of trait mindfulness 
are not included in all intervention studies.

In comparison to trait mindfulness, state mindfulness 
increases during, and immediately after, mindfulness train-
ing (Tang, 2012). Heightening state mindfulness with exper-
imentally induced practice increases trait mindfulness over 
time, which benefits cognition (Kiken et al., 2015). However, 
this fails to explain why improvements to cognition from 
singular, short-term mindfulness practice are reported (e.g., 
Thompson et al., 2021). Individual rates of change in state 
mindfulness over the course of interventions may be impor-
tant in predicting improvements to cognitive processes, 
including attention. Alternatively, individual rates of change 
in state mindfulness may indicate individuals’ willingness to 
change in other adaptive ways as well, for example, through 
increased exercise (Masicampo & Baumeister, 2007). These 
changes could potentially predict changes in cognition and 

may explain improvements in cognition that are linked 
with state mindfulness. Utilizing this multicomponent per-
spective on mindfulness is also relevant when considering 
how researchers are measuring mindfulness. Widely used 
measures of mindfulness include the Five Facet Mindful-
ness Questionnaire (FFMQ; Baer et al., 2006), the Mindful 
Attention Awareness Scale (MAAS; Brown & Ryan, 2003), 
and the Kentucky Inventory of Mindfulness Scale (KIMS; 
Baer et al., 2004). There are, however, many concerns with 
employing questionnaires that evaluate self-perceptions 
of mindfulness, with some critiques noting the inadequate 
content validation of these scales as well as differences in 
conceptual definitions of mindfulness and the absence of 
any confirmation of participants’ understanding of question-
naire items (Park et al., 2013). However, the aforementioned 
scales show acceptable internal validity, with Cronbach 
alphas ranging from 0.67 to 0.93 for FFMQ, 0.78 to 0.92 for 
MAAS, and 0.72 to 0.97 for KIMS. The FFMQ, in particu-
lar, has high convergent validity with attention and aware-
ness (Goldberg et al., 2016). It is also important to note that 
all three scales are predominantly measures of trait mind-
fulness, whereas mindfulness-based interventions heighten 
state mindfulness. As noted, regular practice may lead to 
changes in trait mindfulness, for which the FFMQ, KIMS, 
and MAAS are suitable measures. However, the effects of 
one-off interventions inducing changes in state mindfulness 
may not be adequately measured with the use of these scales, 
which has contributed to some of the inconsistent conclu-
sions within the field.

Furthermore, Chiesa (2013) has criticized several 
measures of mindfulness, including the MAAS, noting 
that although these scales provide compelling evidence to 
suggest that they measure a definition of mindfulness that 
encompasses different perspectives and psychological theo-
ries, significant methodological deficiencies limit the possi-
bility of drawing definitive conclusions about the specificity 
of these questionnaires. These deficiencies include the use 
of case-control designs to compare expert meditators with 
nonmeditator controls, the dearth of adequate control groups 
to which subjects are randomly assigned, and data being 
derived from nonclinical populations—all of which contrib-
ute to the difficulty of forming definitive conclusions about 
the effects of mindfulness. Self-reported trait mindfulness 
and experimentally induced mindfulness also elicit different 
outcomes (Bravo et al., 2018), again emphasizing that find-
ings are dependent on the type of mindfulness measured.

As the field continues to grow, it becomes increasingly 
important to reach a consensus as to what constitutes mind-
fulness to enable the development of theoretical accounts. 
Considering the complex nature of mindfulness, and the lack 
of mindfulness studies adopting a multicomponent perspec-
tive, it is currently difficult to examine mindfulness as a mul-
ticomponent construct (Grossman, 2008). The differentiation 
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of concepts involved in mindfulness remains poorly investi-
gated and further research is required to understand mindful-
ness practitioners’ trajectories of state and trait mindfulness 
separately. As a result, we continue here to maintain the 
unitary construct perspective of mindfulness to ensure con-
sistency with the studies that we have drawn upon for our 
reported meta-analyses.

Theoretical perspectives on creativity

Attention and WM are important for a range of cognitive 
processes, including creativity. In the literature, creativity is 
often defined as the generation of ideas that have originality 
and effectiveness (Corazza, 2016; Runco & Jaeger, 2012), 
with originality sometimes being referred to as novelty or 
rarity, and with effectiveness sometimes being described as 
utility, fit, or usefulness. However, contemporary definitions 
of creativity tend to be more nuanced and sophisticated, 
emphasizing the importance of contextual variables, such 
as the social or cultural situation in which ideas, objects, or 
actions are generated (Plucker et al., 2004).

Such contextualized definitions are often less wedded to 
the importance of effectiveness in denoting an idea as origi-
nal, instead considering the importance of dimensions such 
as meaningfulness, surprise, or aesthetic value (e.g., Acar 
et al., 2017; Simonton, 2017; Weisberg, 2018). For example, 
“everyday creativity” is often defined as the production of 
something original and meaningful, omitting the judgment 
of effectiveness, because daily creative work may not be 
immediately constructive but may be beneficial in the future 
(e.g., Goslin-Jones & Richards, 2018). Indeed, the belief that 
creative ideas must be effective is also questionable because 
it excludes the possibility that such ideas might have little 
use but are nevertheless “brilliant failures” (cf. Dix et al., 
2006). Given the broad focus of the current research on the 
relation between mindfulness and creativity, we favour a 
more encompassing definition of creativity that is not overly 
constrained by a commitment to the notion of effectiveness.

At a more detailed level of analysis, a distinction exists 
between creative tasks that primarily involve divergent think-
ing versus creative tasks that primarily involve convergent 
thinking (Guilford, 1967). Divergent thinking tasks involve 
the production and assessment of multiple creative ideas 
over a short period of time, as arises, for example, in the 
Alternative Uses Task (AUT), where participants are asked 
to generate unusual uses for a common object such as a brick 
(e.g., Guilford, 1967). Convergent thinking tasks, on the 
other hand, involve making connections between different 
ideas to determine a single, correct solution to a problem, 
as arises, for example, in the Remote Associates Task (RAT; 
Mednick & Mednick, 1967), where participants are asked to 
find a fourth word that links three presented cue-words (e.g., 

“same,” “tennis,” “head”). The solution word (in the case 
“match”) may be associated with one or more of the cue-
words through semantic association (“tennis match”), syn-
onymy (“same” = “match”) or compounding (“matchhead”).

Although it is recognized that divergent and convergent 
thinking tasks are rarely “process pure” (i.e., divergent 
thinking tasks can involve convergent thinking and likewise 
convergent thinking tasks can involve divergent thinking), 
it is nevertheless the case that these task labels persist in 
the literature. Indeed, much of the research on the impact of 
mindfulness on creativity has explicitly used the divergent 
versus convergent task distinction to demarcate the focus of 
reported investigations. As such, for the present review we 
have likewise retained this task-based distinction so as both 
to align with extant studies in the mindfulness domain and 
also to enable the convergent versus divergent nature of tasks 
to be used as a key moderator variable in our meta-analyses 
that are reported below. In the following sections we detail 
current theorizing relating to the processes involved in diver-
gent thinking tasks and in convergent thinking tasks, before 
returning to discuss the basis of the potential link between 
mindfulness and creativity.

Theoretical perspectives on divergent thinking 
tasks

The emerging consensus in relation to people tackling diver-
gent thinking tasks such as the AUT is that the operation 
of two core processes is essential, that is, the generation 
of ideas (or “ideation”) and the evaluation of ideas so as 
to retain those that are seen to have value (Smith & Ward, 
2012). Interestingly, too, research with the AUT has revealed 
that initial answers are typically mundane and that ideas 
become more unusual and original over time (Christensen 
et al., 1957). This serial order effect in ideation means that as 
creativity increases over time, then the fluency of idea pro-
duction reduces. To explain this, researchers typically draw 
on theories relating to semantic memory, in that ideas are 
retrieved from existing, stored knowledge (Cogdell-Brooke 
et al., 2020; Hass, 2017). Idea generation can assist with the 
production of novel ideas, whereby individuals merge two 
or more verbal or visual concepts, retrieved from existing, 
stored knowledge, that were originally completely separate 
(Wisniewski, 1997). Since memory retrieval differs from 
person to person, these findings also point toward the possi-
bility of individual differences arising in creativity (Carlsson 
et al., 2000).

Idea generation has been viewed in the literature as 
being more closely linked to implicit, associative process-
ing, whereas idea evaluation has been considered to be more 
reliant on explicit, analytic processing (e.g., R. P. Roberts & 
Addis, 2018; Sowden et al., 2015). This dynamic interplay 
between implicit ideation and explicit evaluation has led to 
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the proposal that the way in which people tackle divergent 
thinking tasks can be understood from a “dual-process” 
perspective (e.g., Gilhooly et al., 2015), that involves them 
drawing upon two qualitatively distinct types of processing, 
termed “Type 1” and “Type 2” thinking (Evans & Stanovich, 
2013). Type 1 processes are defined as being undemanding 
of WM and autonomous. Type 1 processes also tend to be 
fast, high capacity, nonconscious and capable of running in 
parallel, but these are viewed as being correlated features 
rather than defining features. Type 2 processes, in contrast, 
are defined as requiring WM and being focused on cognitive 
decoupling (i.e., imagining and evaluating alternative pos-
sibilities) as well as mental simulation (e.g., envisaging and 
assessing cause-effect relationships). Type 2 processes also 
tend to be slow, capacity limited, conscious and serial, but 
these are again considered to be correlated features rather 
than defining features (Evans & Stanovich, 2013).

Accounts of how people tackle divergent thinking tasks 
such as those advanced by R. P. Roberts and Addis (2018) 
and Sowden et al. (2015) emphasize the dual processes of 
generating and evaluating ideas, and appeal to dual-process 
models of cognition to capture the way in which creativ-
ity emerges out of the interplay between Type 1 associative 
processing and Type 2 evaluative processing. Although there 
are certainly exceptions to this aforementioned alignment 
(e.g., ideas can be generated analytically by Type 2 process-
ing and can be evaluated intuitively by Type 1 processes), 
the neuroscientific evidence that derives from brain imaging 
research also points to this proposed alignment. For exam-
ple, associative processing as can arise during idea genera-
tion has been shown to be linked to the operation of the 
Default Mode Network (DMN), whereas attentional process-
ing involving WM and executive functions as can arise dur-
ing idea evaluation has been linked to the operation of the 
Executive Control Network (ECN; Abraham, 2018; Beaty 
et al., 2015).

Studies of people tackling divergent thinking tasks have 
revealed that the DMN is engaged during resting-state pro-
cessing, mind wandering, and the fluent generation of ideas 
(Abraham, 2018). DMN regions, however, do not seem to 
operate independently during divergent thinking, but instead 
appear to activate in conjunction or synchrony with regions 
associated with the ECN, which is typically linked with 
executive control, inhibition and WM (Beaty et al., 2015). 
These latter executive functions have been claimed to be 
especially useful for idea evaluation during divergent think-
ing tasks (Beaty et al., 2016; Ellamil et al., 2012) as well as 
for the inhibition of task-irrelevant representations (Beaty 
& Silvia, 2012).

To support the notion that the ECN is important for idea 
evaluation, a recent study by Rominger et al. (2020) observed 
an increase in functional coupling between idea generation 
and evaluation in a creative drawing task, especially in the 

ECN. Furthermore, participants who generated more origi-
nal drawings showed greater functional connectivity across 
all networks that were identified in this study. Beaty et al. 
(2016) have suggested that specific networks forward ini-
tial ideas to the ECN for higher-order processing, like idea 
evaluation. In another study, Li et al. (2017) compared net-
work transitions between low and high divergent thinking 
groups and reported that high divergent thinking ability was 
associated with more frequent transitions between different 
connectivity states (e.g., DMN and ECN), emphasizing the 
importance of cognitive switching between the DMN and 
the ECN for divergent thinking. In sum, the dual-process 
model of creativity provides an advanced understanding of 
the interaction between neural networks that serve to drive 
the generation of ideas and their subsequent evaluation, both 
of which are necessary for successful performance on diver-
gent thinking tasks.

Theoretical perspectives on convergent thinking 
tasks

We define convergent thinking tasks as those that primarily 
involve the process of connecting different ideas to deter-
mine a single, correct solution to a problem (e.g., Thread-
gold et al., 2018), although—as noted above—we recognize 
that such tasks may involve an element of divergent idea gen-
eration, especially when problems are solved via associative 
idea generation. One main way in which single, correct solu-
tions come about is by means of so-called “insight,” where 
participants begin with a misleading or incorrect approach to 
a problem and need to engage in creative restructuring of the 
information provided to identify an effective solution (Ash 
& Wiley, 2006; Weisberg, 2015). Importantly, however, 
insights may also appear spontaneously and in the absence 
of an explicit problem. In these cases, impasse and restruc-
turing stages are less salient (Stock-Homburg et al., 2021).

A key account of insight in problem-solving has been 
referred to as the “special-process” view (e.g., Bowden 
et al., 2005; Gilhooly et al., 2015), because it proposes 
that insight is achieved through an open-minded think-
ing approach that is primarily driven by restructuring and 
associative processes that are nonconscious in nature. 
According to this view, attentional processes and WM are 
less important for insight and may even hinder the suc-
cessful discovery of solutions (e.g., Ball et al., 2015; Van 
Stockum & DeCaro, 2020). On the other hand, the “busi-
ness-as-usual” view (e.g., Ball & Stevens, 2009; Gilhooly 
et al., 2015) describes solutions to convergent thinking 
tasks as being accomplished through cognitively demand-
ing processes, whereby participants use WM to plan and 
execute search strategies to reach a creative solution (e.g., 
MacGregor et al., 2001; Ormerod et al., 2002; Payne & 
Duggan, 2011). According to this view, individuals need 
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to draw upon WM resources to represent the problem at 
hand, to search for new solution strategies and to keep 
track of already used strategies.

WM capacity varies between individuals and is often 
measured as the ability to focus attention on a particular 
task, while inhibiting distracting or irrelevant thoughts 
(Keller et al., 2019). Some studies have found that indi-
viduals with higher WM capacities perform better at con-
vergent thinking tasks (Lee & Therriault, 2013; Takeuchi 
et al., 2020), which is evidence that appears to support 
a business-as-usual view of people’s processing on such 
tasks. Indeed, Van Stockum and DeCaro (2020) identify 
attentional control as being the core mechanism to explain 
how individual differences in WM capacity are associated 
with enhanced problem-solving with convergent thinking 
tasks, with attentional control referring to the set of pro-
cesses that enable individuals to maintain goals, prioritize 
relevant information and avoid distractions.

The positive effect of attentional control and WM on 
problem-solving with convergent thinking tasks remains 
contested, however, as some studies have shown how 
situational factors that lead to increased attention can 
decrease effective problem-solving. For example, successful 
solutions appear to be hindered when participants think aloud 
while attempting to solve problems that are typically solved 
via insight processes (Ball et al., 2015; Schooler et al., 1993), 
supporting the special-process notion that greater attentional 
control can thwart insight with convergent thinking tasks.

We conclude this section by noting that neuroimag-
ing and behavioral studies appear to support the valid-
ity of both the special-process and the business-as-usual 
accounts of people’s processing with convergent thinking 
tasks. For example, distinct patterns of neural activation 
(e.g., Kounios et al., 2006) and oculomotor activity (e.g., 
relating to pupil size and microsaccades; e.g., Salvi et al., 
2020) have been observed when problems are solved via 
insight versus analysis. Likewise, distinct behavioural 
markers are linked to the sudden “Aha!” experience that 
occurs when a solution arises through sudden insight 
rather than through step-by-step analysis (Danek, 2018; 
Stuyck et al., 2022). This neuroimaging and behavioral 
evidence suggest that in multitrial studies, some conver-
gent thinking tasks may be solved via an insight-based 
special process that is underpinned by nonconscious 
restructuring, while other tasks may be solved via an ana-
lytic, business-as-usual approach that is underpinned by 
a more conscious multistep process. Such evidence has 
contributed to the emergence of a range of “hybrid” theo-
ries of creative problem-solving with convergent thinking 
tasks, which recognize the existence of both special pro-
cess and business-as-usual routes to solutions (e.g., Danek, 
2018; Öllinger et al., 2014; Weisberg, 2015).

Theoretical underpinnings 
of the mindfulness–creativity link

Following a thematic review of the available literature, 
Henriksen et al. (2020) claimed that there is good support 
for the notion that mindfulness can enhance creativity. 
However, there is still debate in this area and the claimed 
relationship seems to be contingent upon potential moder-
ation by various contextual and problem-specific factors. 
Indeed, Henriksen et al. (2020) highlight several con-
founding variables that make it challenging to disentan-
gle the relationship between mindfulness and creativity, 
including the type of mindfulness practiced (e.g., focused 
attention vs. open monitoring), the type of creative prob-
lems utilized (e.g., divergent vs. convergent tasks) and 
the multifaceted character of mindfulness itself. Here, we 
detail how the nature of people’s processing in relation 
to divergent thinking tasks and convergent thinking tasks, 
respectively, may account for the apparently advantageous 
effects of mindfulness as a unitary construct.

Mindfulness and divergent thinking tasks

To reiterate, one of the key challenges that people face 
when engaging in creative thinking is how to generate 
new and original ideas when retrieving information from 
memory (Smith & Ward, 2012). Subsequent to idea gen-
eration comes the need for these ideas to be evaluated 
further, which manifests in a multiplicity of potential ways 
that work toward developing, elaborating, and enriching 
initial ideas (Runco, 2012). This evaluation component of 
creativity necessitates the inhibition of further thinking 
about poor ideas, as well as the selection and elaboration 
of good ideas.

Researchers agree that mindfulness practice can 
enhance many cognitive processes, including fostering 
greater executive control (e.g., attention, WM and emotion 
regulation). The neuroscientific study of mindfulness out-
comes has been influential in providing evidence to sup-
port this view. For example, Taren et al. (2017) reported 
increased functional connectivity amongst neural regions 
associated with executive functions (see also Doll et al., 
2015; Taren et al., 2017). The explicit, attentional pro-
cessing that arises during idea generation and idea evalu-
ation, which is required for divergent thinking, is com-
monly linked to the ECN. Mindfulness may enhance the 
executive aspects of attentional processing with tasks such 
as the AUT, by increasing the efficiency of these specific 
neural networks, thereby enhancing creativity in terms 
of increased creative idea generation and evaluation. In 
a similar vein, long-term practice of mindfulness is also 
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associated with differences in ECN activity (Brewer et al., 
2011), perhaps due to the importance of attentional control 
during practice (e.g., giving rise to increased sustained 
attention). Cognitive switching between the ECN for idea 
evaluation and the DMN for idea generation, allows for 
enhanced divergent thinking ability (Beaty et al., 2016, 
2018), further highlighting the key role of the ECN, at 
least in respect to divergent thinking.

Mindfulness and convergent thinking tasks

It seems likely that attentional control and WM capacity 
can be enhanced by mindfulness practice through activation 
of the same underlying brain regions, which allows them 
to work more efficiently (Bailey et al., 2019). Mindfulness 
also supports the ability to focus attention, potentially by 
increasing WM capacity. In light of evidence that WM and 
sustained attention are associated with successful perfor-
mance on convergent thinking tasks, including problems that 
can be solved via insight, it makes sense that individuals 
should show better problem-solving performance on such 
tasks following a mindfulness intervention. This prediction 
was supported by Ostafin and Kassman (2012), who made 
use of a mix of classic insight and noninsight problems 
from Schooler et al. (1993), which all required convergent 
solutions.

Although this latter evidence aligns with the business-
as-usual view of performance on convergent thinking tasks 
(e.g., Ball & Stevens, 2009; Gilhooly et al., 2015), directly 
contrary predictions would arise from the special-process 
view (e.g., Ball et al., 2015; Bowden et al., 2005; Gilhooly 
et al., 2015), given the assumption that increased attention 
toward a problem-solving task might be expected to hinder 
the operation of nonconscious processes that are essential 
for the insightful restructuring of given information. The 
special-process view could explain why some researchers 
(e.g., Capurso et al., 2014; DeCaro et al., 2016) report that 
higher WM capacity and mindfulness practice hinder insight 
in problem-solving, since both of these constructs are linked 
to enhanced attentional control. In sum, whether improved 
attentional control and higher WM capacity arising from 
mindfulness practice are predicted to help or hinder creative 
problem-solving with convergent thinking tasks is likely to 
depend critically on the theoretical stance that is taken.

Empirical support for the mindfulness–
creativity link

Colzato et al. (2012) partially dissected the complexity asso-
ciated with the measurement of creativity by investigating 
the impact of mindfulness upon both convergent and diver-
gent thinking tasks, using the RAT and AUT, respectively. 

Data demonstrated that performance on convergent think-
ing tasks increased following focused-attention practice, and 
that individuals performed better on divergent thinking tasks 
following open-monitoring practice (Colzato et al., 2012), 
thereby identifying a key mindfulness–creativity connection 
and also supporting the business-as-usual theory of insight 
problem-solving.

It is possible that different types of mindfulness medita-
tion (focused-attention vs. open-monitoring) prime cogni-
tive-control states that are needed to perform effectively on 
convergent or divergent thinking tasks. This hypothesis was 
supported by Colzato et al. (2012), yet it remains specula-
tive until supported with additional evidence. Since Colzato 
et al.’s (2012) study, little further research has been con-
ducted to explore these task-specific relationships in depth, 
therefore, there is still uncertainty surrounding the effects 
that mindfulness and its sub-facets have on creativity with 
convergent and divergent thinking tasks.

It is also of interest that other outcomes of practicing 
mindfulness have been identified in the literature, which 
may be important for creative problem-solving, including 
reduced mind wandering (i.e., attention lapses) during tasks 
(Rahl et al., 2017). Henriksen et al. (2020) explored the rela-
tionship between mindfulness, mind wandering and creativ-
ity and concluded that despite what appear to be opposing 
dynamics, mind wandering and mindfulness can simulta-
neously enhance creativity. This has been termed “mind-
ful mind wandering” by Preiss and Cosmelli (2017), which 
nurtures creativity and differs with respect to other types of 
mind wandering, which are considered less useful, such as 
mind wandering that is unintentional. The key notion here 
is that mindfulness may allow for “intentional” mind wan-
dering that facilitates more awareness so as to benefit and 
individual’s creative imagination (Preiss & Cosmelli, 2017).

It is noteworthy, too, that recent criticisms of creativity 
research (e.g., Zhang et al., 2019) highlight how studies 
have often failed to measure the creativity that arises on 
particular tasks in terms of both its convergent and diver-
gent component processes. Indeed, as we alluded to earlier, 
recent evidence suggests that problems such as Compound 
Remote Associate Tasks (CRATs, which are versions of the 
RAT where solution words form compounds with each of 
the prime words) involve convergent thinking to select a 
final solution but may also rely initially on divergent think-
ing processes such as associative word generation (see also 
Marsh et al., 2021). It is additionally common for rebus puz-
zles, which involve combinations of visual, spatial, verbal, 
and numerical cues from which a participant must identify a 
common phrase or saying, to require both divergent and con-
vergent creative processes (Threadgold et al., 2018). Moreo-
ver, despite historical claims that convergent and divergent 
thinking are separate constructs that are uncorrelated (e.g., 
Chermahini & Hommel, 2011), more recent research by 
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Webb et al. (2017) has reported a small relationship (r = 
.25) between performance on problem-solving tasks that 
can be solved via insight processes and performance on 
divergent thinking tasks. In addition, Webb et al. (2017) 
have demonstrated a small to medium relationship (r = .37) 
between performance on tasks that can be solved via insight 
processes and performance on reasoning tasks designed to 
measure convergent thinking (for related evidence, see Shen 
et al., 2018).

Notwithstanding the theoretical and empirical complexi-
ties in assessing the advantages of mindfulness practice for 
creative performance, a wide body of research, some of 
which we have noted already, does appear to attest to such 
benefits on a range of creativity tasks, including problems 
that can be solved by insight. Ostafin and Kassman (2012) 
provided evidence that mindfulness reduces tendencies to 
rely on habitual responses when searching for solutions to 
problems that can be solved via insight, thereby improv-
ing creative performance with short-term interventions 
(i.e., under 1 week; Jedrczak et al., 1986). Ren et al. (2011) 
similarly showed that maintaining a mindful and aware state 
resulted in more solutions to convergent thinking tasks that 
can be solved via insight in comparison to an active control 
group. The findings reported by Ostafin and Kassman (2012) 
and Ren et al. (2011) therefore suggest that the attentional 
and WM benefits that are afforded by mindfulness can facili-
tate creative performance with convergent thinking tasks, 
which are results that are more in line with the business-as-
usual view of problem-solving.

It is important to note, however, that Ren et al. (2011) did 
not explore divergent thinking tasks such that their results 
may not generalize to other types of creative thinking beyond 
convergent thinking tasks that can be solved by insight. Nev-
ertheless, other research that has utilized divergent think-
ing tasks appears to support a mindfulness–creativity link. 
For example, Ding et al. (2015b) assessed creativity using 
the Torrance Test of Creative Thinking (TTCT; Torrance, 
1972), which includes AUTs and picture completion tasks. 
Participants in a mindfulness group outperformed a relaxa-
tion training control group on the TTCT, highlighting how 
characteristics that are specific to mindfulness practice such 
as attentional focus are likely to be important for creative 
processes. However, there were substantial interindividual 
differences in the intervention group scores, as some par-
ticipants improved greatly, some only slightly and others 
showed worse performance. Differences in participants’ 
personalities and mood states prior to mindfulness practice 
were hypothesized to explain differences in creativity scores 
(Ding et al., 2015b), pointing to the potential influence of 
dispositional and affective moderator variables. Based 
on previous findings (e.g., Carlsson et al., 2000) it is also 
possible that individual differences in WM capacity could 
have led to the discrepant findings across individuals. It is 

additionally worth noting that no baseline group compari-
sons were made in this study, such that it is possible that 
group differences in mindfulness traits existed prior to the 
study.

In contrast to these aforementioned findings, several stud-
ies have produced evidence of mindfulness practice leading 
to poorer creative performance in a range of creative tasks 
(e.g., Binder et al., 1999; Smallwood & Schooler, 2006), 
with these negative effects being argued to arise from a 
reduced ability for participants to think “intuitively” in a 
more nonconscious, associative, and open-ended manner 
(Baird et al., 2012). Zedelius and Schooler (2015) further 
proposed that the link between mindfulness and creativity 
may be dependent on how problems are approached (i.e., 
via nonconscious insight processes or via conscious analy-
sis processes), after they found a negative relationship (β = 
−0.25) between mindfulness and problem-solving. Further 
examination revealed that decrements in successful problem-
solving performance were present for problems that were 
approached with an insight strategy, whereas problems that 
were approached with an analytic strategy were not affected 
by mindfulness practice (Zedelius & Schooler, 2015). These 
latter findings are in line with the special-process view of 
problem-solving with convergent thinking tasks in that the 
enhanced attentional control and WM efficiency arising as a 
result of mindfulness practice hinders creativity by focusing 
effort on misleading problem representations and incorrect 
strategies (cf. Ball et al., 2015), whereas the solution to these 
problems requires a more attentionally diffuse, associative, 
and open-ended process. Given that Zedelius and Schooler’s 
(2015) findings were based on self-reported dispositional 
mindfulness, it is unclear whether experimentally induced 
mindfulness would produce similar effects for creative prob-
lems depending on whether they are solved via insight or 
via analysis.

Despite the seemingly complex nature of the relationship 
between mindfulness and creativity, it does appear that they 
share important underpinning processes, albeit with efforts 
to understand these common processes still being far from 
conclusive. To bring clarity to these issues, Lebuda et al. 
(2016) conducted a meta-analytical review to explore the 
mindfulness–creativity link, which included 20 independ-
ent samples. They found a small to medium correlation 
between mindfulness and creativity (r = .22) yet reported 
more between-study variation than within-study variation, 
suggesting that moderators may exist between studies rather 
than within them. In their meta-analytical review, the moder-
ator variables that Lebuda et al. (2016) included were study 
design (correlational vs. experimental), the type of creativ-
ity measured (divergent vs. convergent thinking tasks) and 
the type of mindfulness measured (attention focused mind-
fulness vs. state mindfulness vs. trait mindfulness). They 
emphasized that because of the paucity of literature in this 
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area, it was impossible to investigate all of the theoretically 
relevant moderators (e.g., intervention length) that appear 
to influence the impact of mindfulness on a range of factors 
(cf. Howarth et al., 2019). Study design revealed no effects, 
suggesting that the small to medium effect of mindfulness 
on creativity was not moderated by the design of the stud-
ies. The effect of mindfulness on creativity also tended to be 
stronger when the creativity measurement included conver-
gent thinking tasks rather than divergent thinking tasks, per-
haps supporting the business-as-usual view that performance 
on convergent thinking tasks can be enhanced through 
improved attentional control and available WM capacity. 
The relationship between mindfulness and creativity was 
also significantly lower when studies included the awareness 
aspects of mindfulness (measured using the MAAS), which 
can be contrasted with disinhibition and mind wandering 
that have previously been reported to be linked positively 
with creativity (Mooneyham & Schooler, 2013; Zedelius & 
Schooler, 2015). This latter finding sheds light on impor-
tant theoretical questions concerning the nature of the asso-
ciation between mindfulness and creativity, as disinhibition 
and mind wandering are reduced by mindfulness (Xu et al., 
2017).

Aims of the present meta‑analytical review

At the time of writing, the review by Lebuda et al. (2016) 
is the most recent meta-analytical review of the mindful-
ness–creativity link. The current analysis aims to offer a 
more up-to-date meta-analytical review of the literature than 
that reported by Lebuda et al. (2016), while also addressing 
limitations that they identify with their own approach. First, 
although Lebuda et al. (2016) coded “type of creativity” 
as a moderator variable, they dichotomized this in terms 
of whether the measure of creative performance was either 
objective or subjective in nature. Consequently, this was 
later emphasized as a limitation, with recommendations for 
future research to, “differentiate between various forms of 
creativity as related to mindfulness” (Lebuda et al., 2016, 
p. 4). Hence, the current meta-analysis aimed to include a 
clear distinction between convergent and divergent think-
ing tasks to provide a better understanding of the creativity-
mindfulness link, given that these two types of creative tasks 
are likely to be underpinned by distinct processes that may 
be affected differently by mindfulness.

Lebuda et al.’s (2016) meta-analysis was further limited 
by the small number of moderator variables explored, which 
is admittedly an unfortunate consequence of a scarce litera-
ture. Their meta-analysis also lacked a focus on interven-
tion lengths or intensities, and the present analysis aimed 
to address this issue by exploring intervention durations. 
Finally, Lebuda et  al. (2016) focused on dispositional 

measures of mindfulness. As previously mentioned, self-
reported dispositional mindfulness and experimentally 
induced mindfulness have the potential to elicit different 
outcomes (Bravo et al., 2018). The current analyses therefore 
focused on experimentally induced mindfulness to address 
this gap in the literature.

Other than the meta-analysis reported by Lebuda et al. 
(2016), there is an absence of other meta-analytical reviews 
to examine the mindfulness–creativity link. Like Lebuda 
et al. (2016), we acknowledge the inconsistencies that pre-
vail across the mindfulness and creativity fields. The current 
review addresses the limitations of Lebuda et al. (2016) to 
allow us to further understand the mindfulness–creativity 
link and includes specific moderator constructs not fully 
explored previously.

To establish the efficacy of randomized controlled trials 
(RCTs) examining mindfulness-based interventions, Dun-
ning et al. (2019) reviewed studies that employed RCTs with 
an active control condition, which refers to the use of an 
alternative task that may be expected to benefit participants 
and that also matches mindfulness interventions in terms 
of nonspecific factors such as the duration of the interven-
tion. Importantly, the active control task should not include 
mindfulness to ensure group differences can be attributed to 
the absence or presence of mindfulness (see MacCoon et al., 
2012, for a discussion). Only 17 appropriate studies were 
selected for the RCT category, highlighting the paucity of 
good quality research in this area.

Both Dunning et al. (2019), and McCarney et al. (2007) 
emphasize the efficacy of the gold standard RCT methodol-
ogy, reporting positive effects of mindfulness on executive 
functions and attention across RCT studies only. However, 
as only relatively few mindfulness studies have adopted an 
RCT design, this means that current reviews of the mindful-
ness literature are confined to a small number of high-quality 
studies, making it difficult to be confident about the robust-
ness of some of the findings arising from these analyses. 
The dearth of high-quality research also makes it difficult 
to reach agreement concerning certain relationships, one 
of which is the link between mindfulness and creativity, 
which forms the key focus of the present review, with exist-
ing studies having produced contradictory evidence. As we 
have noted, some researchers report improvements following 
mindfulness practice on a range of convergent and divergent 
thinking tasks, including the AUT and RAT (Baas et al., 
2014; Ostafin & Kassman, 2012), whilst others report little 
to no effect (Remmers et al., 2015). Most research investi-
gating mindfulness meditation uses complex programmes, 
such as MBSR. However, because these programmes include 
yoga, stretching, and different types of meditation, it is chal-
lenging to say whether reported improvements are the result 
of a particular mindfulness practice (e.g., object focus) or a 
combination of techniques (e.g., breathing, relaxation). This 
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highlights the importance of accurately designed active con-
trols to pinpoint what is causing the beneficial effects.

The methodological quality of mindfulness studies 
remains problematic due to small sample sizes and the lack 
of actively controlled longitudinal studies. Many experi-
ments are not derived from a theoretical foundation (for a 
review, see Matko & Sedlmeier, 2019), meaning that con-
clusions are often drawn from post hoc interpretations and 
are therefore tentative. Despite ongoing efforts to under-
stand the nature and benefits of mindfulness interventions, 
there remains uncertainty towards how mindfulness affects 
other constructs, like creativity. Criticisms of mindfulness 
research are common in most reviews (e.g., Lebuda et al., 
2016) with methodological and conceptual problems being 
at the core of much of this critique. Most evaluations of 
mindfulness-based interventions involve either uncontrolled 
or nonrandomized trials, which can limit conclusions.

Bishop (2002) was one of the first to highlight the meth-
odological limitations that pervade the mindfulness litera-
ture, noting a host of concerns, including the lack of active 
control groups and a preponderance of repeated-measures 
designs. Similarly, Baer (2003) also mirrored these con-
cerns, specifically lamenting the use of nonactive controls, 
noting that although treatment-as-usual control groups 
account for change due to time, an active control is needed 
to account for the influence of demand characteristics and 
placebo effects.

Another control-group approach that is utilized in many 
mindfulness studies is to include a waiting-list control group, 
which involves participants who receive the same interven-
tion as those in the experimental group but at a later time-
point. There are, however, concerns that employing wait-
ing-list control designs may artificially inflate intervention 
effect estimates (Cunningham et al., 2013). This concern 
was later confirmed by Furukawa et al. (2014) following a 
meta-analysis comparing different types of control groups. 
As expected, waiting-list controls were found to exaggerate 
the efficacy of a cognitive behavioural therapy intervention 
(Furukawa et al., 2014). Individuals placed in waiting-list 
control groups may also already have interests and engage 
with mindfulness practice ahead of the intervention, which 
can give rise to inconclusive findings regarding the efficacy 
of mindfulness-based interventions. Another issue with wait-
ing-list control groups is that participants are rarely moni-
tored during the waiting time and researchers are unaware 
of any other lifestyle changes or interventions that partici-
pants may seek during this time that may influence findings. 
Researchers therefore recommend the use of active control 
groups in lieu of waiting-list control groups, which encom-
pass fewer methodological issues (Park et al., 2013).

In summary, there are multiple underpinning cognitive 
processes that are important for both mindfulness and cre-
ativity, yet to date there is no consensus as to the effects 

that mindfulness practices have in terms of enhancing or 
disrupting creative performance. It is therefore timely to 
undertake a review of the existing literature on mindfulness 
interventions and creativity to determine the extent to which 
mindfulness has an impact on creativity and to identify any 
moderator variables that have an influence on the mindful-
ness–creativity link. The current meta-analytical review 
draws together the available evidence from empirical stud-
ies of mindfulness and creativity to identify key findings and 
provide a directional steer to help guide future research in 
this area. The more detailed objectives of this review can be 
summarized in the form of two specific research questions 
(RQs):

RQ1: Is there reliable evidence that mindfulness practice 
can influence creativity, either positively or negatively?
RQ2: What are the most influential moderators that 
impact upon any observed link between mindfulness and 
creativity?

Overview of the meta‑analyses

To address the frequent absence of control groups in exist-
ing studies (Farias & Wikholm, 2016; Goyal et al., 2014; 
MacCoon et al., 2012) the decision was taken to conduct 
two separate meta-analyses, with each centred on one of the 
two main types of study design reported in the literature. 
The first meta-analysis therefore focuses on mindfulness 
and creativity studies that include control group designs, 
whereas the second focuses on mindfulness studies that 
involve a pretest–posttest design. This approach allows for 
conclusions to be drawn from studies utilizing these dis-
tinct design features, potentially further underscoring the 
importance of control group designs in advancing an overall 
consensus in the mindfulness literature. Both meta-analyses 
that are reported included key moderator variables as appro-
priate to the study design being focused on. These moderator 
variables are described in the next sections.

Moderator 1: Type of control group

The first meta-analysis that is reported related to studies that 
included control groups. To reiterate, a key methodologi-
cal limitation of current research that has employed control 
group designs relates to the type of control group that is 
selected. The presence of a control group in intervention-
based studies has been shown to be influential to the out-
come of the study (Goyal et al., 2014; MacCoon et al., 2012). 
Waiting-list control groups appear to be less useful than 
more valid comparison conditions, such as active control 
groups (Hesser et al., 2011), which is a criticism that also 
extends to poorly chosen active control conditions, where 
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overlap of characteristics being investigated exist between 
experimental and control conditions (Farias & Wikholm, 
2016). Only 3% of published meditation intervention stud-
ies included active control treatments in 2014 (Goyal et al., 
2014) and even nowadays most studies investigating mind-
fulness interventions still lack any form of control group. It 
is, therefore, important to consider the type of control group 
as a moderator variable in the first analysis, and to assess 
how findings relating to control group designs vary from 
those implementing pretest–posttest designs.

Moderator 2: Convergent and divergent creative 
tasks

Research has indicated the importance of considering dif-
ferent types of creative tasks when examining the relation-
ship between mindfulness and creative performance (e.g., 
Ding et al., 2014; Jedrczak et al., 1986; Zedelius & Schooler, 
2015). From a theoretical standpoint, it therefore seems 
important to draw a distinction between convergent and 
divergent thinking tasks for the present meta-analyses and 
to include such tasks as a moderator variable. This approach 
affords an opportunity to provide a more refined assessment 
of the impact of mindfulness on creativity to advance theo-
retical understanding, providing clarification of the discrep-
ant results noted earlier, and thereby guiding future research.

Moderator 3: Mindfulness intervention length

The benefit of mindfulness interventions on cognition (e.g., 
sustained attention) is currently contested in terms of the 
length and intensity of such interventions (Mrazek et al., 
2012). Long-term, daily practice over a course of several 
months certainly seems to be capable of improving atten-
tional processes (Giannandrea et al., 2019), including inten-
sive practice arising in the context of an 8-week MBSR 
course (Josefsson et al., 2011; see also Kabat-Zinn, 2003). 
Recent research has also provided evidence for mindfulness 
practice improving sustained attention regardless of the 
length of practice, implying that even short interventions 
can effectively stimulate attentional processes (Mrazek et al., 
2012). Indeed, Larson et al. (2013) showed improvements 
to sustained attention after short, low-intensity interven-
tions (i.e., 10–20 min daily for 1 week), with evidence for 
enhanced error awareness and mitigated posterror slowing 
(i.e., reduction in reaction times following an error trial) dur-
ing a flanker task. Likewise, specific enhancements to crea-
tive performance have been observed with short mindfulness 
interventions of under one week (Jedrczak et al., 1986). In 
sum, the possibility that intervention length plays an impor-
tant role in the effects of mindfulness practice on creativity 
lends weight to its inclusion as a moderator variable in the 
present meta-analyses.

The meta‑analyses

Literature search strategy

Publications were identified that contained studies relevant 
to a meta-analysis of mindfulness and creativity through a 
search of PubMed, Google Scholar, Ovid, Scopus, Science 
Direct, and Cochrane Library databases, using the keywords 
mindfulness, and creativ*, intersected with one of conver-
gent, divergent, intervention, or  problem. Unpublished 
work was also identified using ResearchGate and employ-
ing the same aforementioned keywords. Where necessary, 
authors were contacted for any supporting documents, which 
allowed for the computation of effect sizes. Authors cited in 
the reference lists of published articles were also contacted 
when searching for unpublished work. A total of 37 studies 
are included in the current review, following a strict inclu-
sion/exclusion process (see Appendix A of the Supplemental 
Material for a summary of the inclusion criteria; see Appen-
dix B of the Supplemental Material for the PRISMA flow-
chart; Haddaway et al., 2022). Studies matching the criteria 
for both analyses, for example, including a combination of 
pretest–posttest and control group designs, were included in 
both meta-analyses (N = 10; Baas et al., 2014; Ding et al., 
2014, 2015a, b, Gouda et al., 2016; Justo et al, 2014; Müller 
et al., 2016; Ostafin & Kassman, 2012; Poure, 2016; Ren 
et al., 2011; Walsh, 2013).

Transparency and openness

We adhered to the Meta-Analytic Reporting Standards 
(MARS) for meta-analytic reporting (Appelbaum et al., 
2018). All meta-analytic data and research materials have 
been made publicly available at The Open Science Frame-
work (https:// osf. io/ e9ums/? view_ only= 9d8da dd401 7e4a4 
c9b39 2539d da473 af).

Data were analyzed using Comprehensive Meta-Analysis 
(CMA; Bornstein et al., 2013) Version 3.0. This review pro-
ject was not preregistered.

Addressing publication bias

Publication bias (also referred to as reporting bias) is a well-
recognized issue in meta-analyses and relates to the absence 
of information caused by either the nonpublication of entire 
studies or the selective outcome reporting in studies based 
on their results (Harbord et al., 2006). Studies with statisti-
cally significant findings (i.e., p < .05) are also more likely 
to be published, and published sooner, compared with non-
significant studies (p > .05; for a review see Duyx et al., 
2017). Publication bias is especially problematic in RCTs, 

https://osf.io/e9ums/?view_only=9d8dadd4017e4a4c9b392539dda473af
https://osf.io/e9ums/?view_only=9d8dadd4017e4a4c9b392539dda473af


 Psychonomic Bulletin & Review

1 3

since it leads to inflated and unreliable results regarding dif-
ferent treatments or interventions (Rothstein et al., 2006). 
Identification and control of publication bias is therefore 
essential to preserve the validity of meta-analytical reviews. 
To help ameliorate publication bias in the current literature 
search, we included doctoral dissertations, unpublished 
articles and conference articles, which were located using 
Google Scholar and ResearchGate.

Various methods are available to test the extent and 
impact of publication bias in meta-analyses. Our approach 
involved calculating the standard error and standard differ-
ence in means across conditions to create funnel plots to 
assess the potential role of publication bias in both analyses 
(Harbord et al., 2006; see Appendix C and D of the Sup-
plemental Material). In the absence of publication bias, we 
would expect studies to distribute symmetrically around the 
combined effect size. Duval and Tweedie’s trim and fill test, 
Begg and Mazumdar rank correlation test, and Egger’s test 
of the intercept were also used to assess publication bias 
in both samples. To support further the robustness of our 
publication-bias analyses, we also conducted classic fail-
safe N and Orwin’s fail-safe N analyses to address the pos-
sibility that studies were missing from the analysis and, if 
included in the analysis, would impact the overall effect size. 
We implemented the same scoring method used in Ribeiro 
et al. (2016) to categorize bias as being: (1) high, if three 
of the publication-bias tests indicated bias; (2) moderate, if 
two of the tests indicated bias; and (3) low, if just one test 
indicated bias (see Appendix H and I of the Supplemental 
Material for the publication-bias analyses).

Assessing publication bias in studies utilizing control 
groups

Observational analyses revealed symmetry in the funnel 
plot for studies utilizing control group designs, with Duval 
and Tweedie’s trim and fill analysis finding no evidence 
of missing effect sizes. Fail-safe N analysis indicated that 
the weighted mean effect size for this sample was a robust 
nonzero effect. Begg and Mazumdar’s rank correlation test 
and an Egger’s test of the intercept both determined no pub-
lication bias in this sample. We conclude that the sample of 

studies utilizing control group designs displays no degree 
of publication bias.

Assessing publication bias in studies utilizing pretest–
posttest designs

For studies using pretest–posttest designs, observational 
analysis revealed asymmetry in the funnel plot, which is 
indicative of publication bias. Further observation of the 
funnel plot revealed a relatively high number of small stud-
ies falling toward the right of the mean and we express con-
cerns that studies falling to the left of the mean may exist 
but may be missing from this analysis. However, Duval and 
Tweedie’s trim and fill analysis concluded that there were 
no missing effect sizes. Fail-safe N analyses indicated that 
the weighted mean effect size for this sample was a robust 
nonzero effect. Begg and Mazumdar’s rank correlation test 
suggested significant publication bias (see Table 1); how-
ever, an Egger’s test of the intercept determined no publica-
tion bias in this sample.

Even though observational analyses revealed some asym-
metry in funnel plots, five tests of publication bias reported 
either no publication bias or low degrees of publication bias. 
Arguably, such tests provide more accurate interpretations of 
publication bias, since the visual examination is subjective 
(Lin & Chu, 2018). For this reason, we conclude that the 
sample of studies utilizing pretest–posttest designs displays 
a low degree of publication bias, basing this decision on the 
outcome of the five tests as detailed in Table 1.

Quality assessment of studies included 
in both meta‑analyses

Although there are no objective criteria for assessing study 
quality in the literature, we sought to consider the quality of 
the studies identified in our meta-analyses and identified nine 
key factors that are important and relevant to empirical stud-
ies utilizing mindfulness interventions: (1) the quality of sta-
tistical reporting; (2) details about the mindfulness interven-
tion employed; (3) the appropriateness of statistical tests; (4) 
baseline group differences; (5) participant withdrawal rates; 
(6) randomization methods; (7) mindfulness measures; (8) 

Table 1  Publication bias by outcome across control group and pretest–posttest studies

Test of publication bias Control group studies Pretest–posttest studies

Classic Fail-Safe N 431 effect sizes 68 effect sizes
Orwin’s Fail-Safe N 65 effect sizes 50 effect sizes
Begg & Mazumdar’s Rank Correlation Test B = .01, p = .97 B = 0.14, p < .05
Egger’s Test of the Intercept B (18) = −.00, p = .99 B (15) = −.05, p = .90
Duval and Tweedie’s Trim and Fill Method 0 effect sizes missing 0 effect sizes missing
Overall Degree of Publication Bias None Low
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the clarity of research questions/aims; and (9) the appropri-
ateness of the sample size as determined by power analy-
ses. We note that the absence of scoring methods for crea-
tive measurements meant that we were unable to assess the 
quality of creativity tasks here and instead the implemen-
tation of creativity measures is simply detailed below (see 
Tables 2 and 3). Using the descriptions and scoring (detailed 

in Appendix E of the Supplemental Material), two authors 
independently scored each sample from both meta-analyses 
for all nine items (see Appendix F of the Supplemental Mate-
rial for scoring of studies utilizing control groups designs, 
and Appendix G of the Supplemental Material for scoring 
of studies using pretest–posttest designs). Key findings from 
the quality assessment are outlined below.

Table 2  Summary of studies included in the meta-analysis that utilized control group designs

Abbreviations included in Table 2 are as follows: Torrance Test of Creative Thinking (TTCT; Torrance, 1984); Alternative Uses Task (AUT; 
Guilford, 1967); Remote Associates Task (RAT; Mednick, 1962); Real-World Task (RWT; Poure, 2016).

Authors Date of 
Publication

Mindfulness 
Intervention

Creativity 
Task

Sam-
ple 
Size

Age Range 
(mean, SD)

Control Group Outcome impact on 
creativity (significant 
vs. not significant)

Effect size 
(Cohen’s d; 
CI 95%)

Zabelina 
et al.

2011 10-min  
intervention

TTCT 81 20.5, 0.08 Historical events 
podcast

Not significant (p = .85) −0.04

Ren et al. 2011 20-min  
intervention

Insight 
problems

48 23.3, 0.04 No treatment Significant (p < .001) 0.11

Ostafin and 
Kassman

2012 10-min  
intervention

Insight 
problems

71 19.3, 0.78 10 min audio Significant (p = .03) 0.53

Ostafin and 
Kassman

2012 10-min  
intervention

Noninsight 
problems

71 19.3, 0.78 10 min audio Not significant (p = .69) 0.19

Colzato et al. 2012 3 × 45-min 
sessions

AUT 19 42.5, 1.02 Open monitoring Not significant (p = .21) 0.10

Colzato et al. 2012 3 × 45-min 
sessions

RAT 19 42.5, 1.02 Open monitoring Significant (p < .001) 0.77

Walsh 2013 10-min  
intervention

Insight 
problems

40 22.22, 7.63 Sham meditation Not significant (p = .28) 0.81

Baas et al. 2014 8-week  
intervention

AUT 84 23.77, 3.76 No treatment Significant (p < .001) 0.24

Justo et al. 2014 10-week 
intervention

TTCT 49 16.45, 0.78 Waiting-list control Significant (p < .001) 1.00

Justo et al. 2014 10-week 
intervention

AUT 49 16.45, 0.78 Waiting-list control Significant (p < .001) 1.28

Ding et al. 2014 1-week  
intervention

TTCT 40 21.2, 1.3 Integrative body mind 
training

Significant (p < .001) 0.17

Ding et al. 2015b 1-week  
intervention

TTCT 84 21.8, 1.54 Integrative body mind 
training

Significant (p < .001) 0.82

Gouda et al. 2016 8-week 
MBSR

TTCT 29 16.2, 0.51 Waiting-list control Not significant (p = .12) 0.54

Gouda et al. 2016 8-week 
MBSR

TTCT 29 45.9, 8.52 Waiting-list control Not significant (p = .63) 0.02

Müller et al. 2016 20-min  
intervention

AUT 39 32.82, 12.6 Concentrative task Not significant (p = .26) 0.29

Poure 2016 5-min  
intervention

RAT 40 20.07, 0.72 Sham meditation Not significant (p = .71) 0.00

Poure 2016 5-min  
intervention

AUT 40 20.07, 0.72 Sham meditation Not significant (p = .87) 0.03

Poure 2016 5-min  
intervention

RWT 40 20.07, 0.72 Sham meditation Significant (p = .02) 0.18

Colzato et al. 2017 40-min  
intervention

AUT 40 42.5, 1.02 Open monitoring 
meditation

Not significant (p = .59) 0.04

Baas et al. 2020 8.5-min  
intervention

Group  
session

114 22.2, 4.08 AWA mediation Significant (p = .02) 0.47
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With the exception of Baas et al. (2020), studies included 
in the current meta-analyses have not conducted an adequate 
power analysis to determine an appropriate sample size. We 
did not formally conduct power analyses for these studies 
ourselves, yet inspection of them would suggest that some 
are underpowered, such that no firm conclusions can be 
drawn from these individual studies, further justifying the 
use of the current meta-analytical approach. We also note 
that many studies fail to measure mindfulness using pub-
lished questionnaires, raising concerns as to whether the 
changes in creativity reported are in line with increased 
mindfulness. It is also unclear whether participants dif-
fered in mindfulness traits (e.g., observing, acceptance) and 
how these individual differences might influence creative 
performance.

Most studies report a random allocation procedure, 
although specific information about such procedures is not 
detailed. For example, simple randomization assigns sub-
jects to each group based on an allocated number (e.g., even 
= intervention group, odd = control group). In contrast, 
stratified randomization factors in confounding variables 
(e.g., prior meditation experience) in order to equate partici-
pants across conditions. Without these specific details, we 
cannot be certain that researchers are accurately performing 
randomization techniques, which is a common issue across 

the psychological literature (Kim & Shin, 2014). Further-
more, few studies assess baseline group differences prior to 
grouping, and although groups appear to be matched based 
on participant demographics for most studies, there is never-
theless no record of the assessment and grouping procedure. 
Despite significance testing of baseline differences in RCTs 
not being required in recent years, De Boer et al. (2015) 
continue to recommend adjusting for known or anticipated 
important prognostic variables (e.g., prior meditation expe-
rience), as there is evidence that the effect of mindfulness 
interventions on attentional processes may differ between 
novice and experienced mindfulness practitioners (Becerra 
et al., 2017).

Coding procedure

The moderator variables described previously are viewed 
as being fundamental to discriminating between differing 
theoretical accounts of the link between mindfulness and 
creativity. The procedure that we adopted for coding these 
moderator variables is presented in Table 4. Mindfulness 
intervention length was categorized into short (interven-
tion under 20 min), medium (intervention between 20 min 
but not exceeding 1 week, inclusive), and long (interven-
tion exceeding 1 week). Creative tasks were coded as either 

Table 3  Summary of studies included in the meta-analysis that utilized pretest–posttest designs

Abbreviations included in Table 3 are as follows: Torrance Test of Creative Thinking (TTCT; Torrance, 1984); Alternative Uses Task (AUT; 
Carroll & Guilford, 1968); Remote Associates Task (RAT; Mednick, 1962); Real-World Task (RWT; Poure, 2016)

Authors Date of 
Publication

Mindfulness  
Intervention

Creativity Task Sample 
Size

Age Range 
(mean, SD)

Outcome impact on 
creativity (sig/n.sig)

Effect size 
(CI 95%)

Justo 2009 Meditation programme Fluency, flexibility, 
and originality

60 17.3, 0.18 Significant (p = .004) 1.65

Ren et al. 2011 20-min intervention Insight problems 48 23.3, 0.04 Not significant (p = 
.051)

0.28

Ostafin and Kassman 2012 10-min intervention Insight problems 71 19.3, 0.78 Significant (p = .02) 0.53
Ostafin and Kassman 2012 10-min intervention Noninsight Problems 71 19.3, 0.78 Nonsignificant (p = .93) 0.19
Shapiro et al. 2012 8-week MBSR Decision-making task 25 32.3, 0.98 Not-significant (p = .30) 0.17
Walsh 2013 10-min intervention Insight problems 40 22.22, 7.63 Not significant (p = .21) 0.8
Justo et al. 2014 10-week intervention TTCT 49 16.45, 0.78 Significant (p < .001) 1.92
Baas et al. 2014 8-week intervention AUT 84 23.77, 3.76 Not significant (p = .63) 0.24
Ding et al. 2015a 1-week intervention TTCT 40 21.2, 1.3 Significant (p < .001) 0.81
Ding et al. 2015b 1-week intervention TTCT 40 21.5, 1.45 Significant (p < .001) 0.12
Ding et al. 2014 1-week intervention TTCT 84 21.8, 1.54 Significant (p < .001) 0.82
Gouda et al. 2016 8-week MBSR TTCT 29 16.2, 0.51 Not significant (p = .63) 0.02
Müller et al. 2016 20-min intervention AUT 39 32.82, 12.26 Significant (p = .02) 0.15
Poure 2016 5-min intervention RAT 40 20.07, 0.72 Not significant (p = .71) 0.00
Poure 2016 5-min intervention AUT 40 20.07, 0.72 Not significant (p = .33) 0.03
Poure 2016 5-min intervention RWT 40 20.07, 0.72 Significant (p = .01) 0.18
Berkovich-Ohana 

et al.
2017 15-min intervention AUT 48 41.7, 11.43 Significant (p < .001) 0.68
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convergent thinking tasks or divergent thinking tasks using 
established criteria for categorizing such tasks in the litera-
ture. Finally, in the first meta-analysis only, control group 
was categorized as active control group, waiting-list control 
group or no-treatment control group.

Effect‑size calculation

The CMA software was utilized to calculate an effect 
size, Cohen’s d, for each study (Bornstein et al., 2013). In 
the analysis of studies utilizing control groups, Cohen’s 
d comprised the difference in mean creativity scores 
between the control and intervention conditions divided 
by their pooled standard deviation (Freeman et  al., 
1986). In the analysis of studies using pretest–posttest 
designs, Cohen’s d comprised the difference in mean 
creativity scores between pre- and postintervention con-
ditions, divided by their pooled standard deviation. In 
some cases, effect sizes had to be calculated from t and 
F values, frequencies, or p-values, in which case Wil-
son’s Effect-Size Calculator was used (Lipsey & Wilson, 
2001). If authors noted the p-less-than value rather than 
exact value, then the p-less-than value was treated as the 
exact value (cf. Sio & Ormerod, 2009). Primary effect 
sizes were calculated for each study; if a study used mul-
tiple time points to assess postintervention effects, then 
the first reported posttreatment time point was included 
(time points ranged from immediately postintervention 
to 3 months postintervention). For studies that reported 
subscales for creativity, an average effect size was 
calculated.

Random effects model

The current meta-analyses only used random effects models 
(see Bornstein et al., 2013). Fixed effects models assume 
that there is one true effect size that underlies all the studies 
in the analyses, and that all effect sizes of a given asso-
ciation approximate this effect. This assumption is rarely 
true in meta-analyses and can therefore lead to inaccurate 

effect-size estimates due to a high degree of heterogene-
ity between effect sizes. Heterogeneity is quantified with 
a statistic that is referred to as I2. Guidelines suggest that 
I2 values of 0% to 30% indicate low heterogeneity, 31% to 
60% indicate medium heterogeneity, and 61% to 100% indi-
cate high heterogeneity (Higgins et al., 2003). To justify the 
use of random effects models in the current meta-analyses, 
we provide I2 values for all main analyses. Random effects 
models are recommended over fixed effects models for most 
meta-analyses, especially those incorporating RCTs. Given 
the low to medium heterogeneity present in both samples 
of the current meta-analyses (see Results section), random 
effects models were deemed to be necessary.

Meta‑analysis of control group studies

Overall description of the literature

All studies utilized a mindfulness intervention that ranged 
from a 5-min session to a 10-week course. These were 
categorized in the current analysis into short interventions 
(under 20 min; n = 8), medium interventions (over 20 min 
but under 1 week, inclusive; n = 7) and long interventions 
(more than 1 week; n = 5). Interventions were delivered 
in either group (n = 6) or individual (n = 14) formats, 
with all long interventions delivered in group formats. All 
interventions led participants through exercises based on 
classic mindfulness instructions proposed by Kabat-Zinn 
(1990). These exercises included breath focusing, body 
scans (focusing on each body area, in turn, from head to 
toe) and mindful stretching. All studies utilized a control 
group design.

Creativity measures varied between both convergent 
thinking tasks (n = 8) and divergent thinking tasks (n = 
12). Five studies utilized the AUT as a divergent thinking 
task. Three studies utilized the RAT or CRAT as a 
convergent thinking task. Six studies utilized the TTCT as 
a divergent thinking task, whereby participants are scored 
on several aspects including creative titles, pictures, 
expressions and imagery. Four studies used various 
insight problems that arguably require both convergent 
and divergent thinking. These insight problems were, 
however, categorized as convergent thinking tasks in the 
present analysis, based on Webb et al.’s (2017) proposal 
that convergent thinking is more important than divergent 
thinking when tackling problems that are typically solved 
via insight. One study used a variety of problems that 
can be classified as divergent thinking tasks. A further 
study used a Real-World Task (RWT; Poure, 2016), 
which parallels the AUT conceptually and can therefore 
be categorized as a divergent thinking task. Finally, the 
remaining study used a group creativity problem that 

Table 4  Coding procedure for moderator variables

Moderator Variable Codes

Control group (first analysis only) 1 = active control group
2 = waiting-list control group
3 = no-treatment control group

Type of creativity task 1 = convergent thinking task
2 = divergent thinking task

Mindfulness intervention length 1 = under 20 min
2 = over 20 min and less than 

one week (inclusive)
3 = more than 1 week
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involved the search for a single solution, which can, 
therefore, be described as a convergent thinking task.

Preliminary analyses

Study characteristics and results were used to create a stem-
and-leaf display showing the distribution of the effect sizes 
(see Fig. 1). Most of the plots fall on the right side of the 
graph, indicating that in each of the studies the participants’ 
creative performance was better in the intervention group 
compared with the control group. Heterogeneity can be 
quantified in a random effects model by using the Q-statistic 
(to test the assumption of heterogeneity), the T2 value (to 
examine between-study variance) and the I2 value. A signifi-
cant Q statistic, 34.35, p < .001, indicated a heterogeneous 
distribution of effect sizes, with T2 = 0.016. The I2 value 
showed that 44.68% of the variance could be attributed to 
between-study variance. Several variables could be respon-
sible for this, which will be further considered in the discus-
sion. Publication bias was considered low for this sample 
(see Table 1).

Results

Twenty studies utilizing control groups were included in the 
meta-analysis, with a total of 1,036 participants (Mdn = 40). 
Effect size estimates (Cohen’s d; see Cohen, 1992) were 
computed for each independent study, whereby all reported 
positive effect sizes, ranging from 0.004 to 1.28 (Mdn = 
0.24; refer to the “CGRD” Supplemental Material for the 
raw data). Figure 1 presents a stem-and-leaf display showing 
the distribution of these effect sizes. The unweighted mean 
of the adjusted effect size estimate was 0.42. The upper and 

the lower bounds of the 95% confidence interval were 0.29 
and 0.54. The confidence interval does not include zero, 
implying that the estimate of the mean effect size is sig-
nificantly larger than zero. Using CMA, a random effects 
model was selected to run meta-regression analyses (Field 
& Gillett, 2010; see Supplemental Material “MR” for the 
meta-regression analyses). The mean effect size of the stud-
ies utilizing control groups was significant, d = 0.42 (0.004 
to 1.28; see Fig. 1 for the distribution), p < .001, 95% CIs 
[0.292, 0.544], indicating that mindfulness interventions are 
moderately successful at improving creative performance 
scores.

Following recommendation from Bornstein et  al. 
(2013), moderation analyses were completed using 
subgroup analysis for all categorical moderators (con-
trol group, creativity type and intervention length; see 
Appendix K of the Supplemental Material for random 
effects data; see Appendix L of the Supplemental 
Material for moderator analyses).

Moderator analysis on control groups revealed signifi-
cant mean effect sizes for active control groups, d = 0.47, 
p < .001, 95% CIs [0.37, 0.56], for waiting-list control 
groups, d = 1.01, p < .001, 95% CIs [0.192, 1.828], and 
for no-treatment control groups, d = 0.24, p < .001, 95% 
CIs [0.15, 0.33]. Subgroup analysis revealed a significant 
difference between types of control groups, Q = 13.93, df 
= 2, p < .001. Waiting-list control groups showed a large 
effect size (d = 1.01), active control groups showed a small 
to medium effect size (d = 0.47), and no-treatment control 
groups showed a small effect size (d = 0.24).

Moderator analysis revealed significant mean effect 
sizes for convergent thinking tasks, d = 0.47, p < .01, 95% 
CIs [0.32, 0.61], and for divergent thinking tasks, d = 0.25, 
p =.001, 95% CIs [0.16, 0.34]. Subgroup analysis revealed 
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Fig. 1  Stem-and-leaf display of the distribution of the effect sizes for studies utilizing control groups
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a significant difference between the type of creative task, Q 
= 5.87, df = 1, p < .001, suggesting mindfulness is more 
effective at improving problem-solving success for con-
vergent thinking tasks, with a small to medium effect size 
(d = 0.47), compared with divergent thinking tasks, with a 
small effect size (d = 0.25).

The final moderator analysis focused on intervention 
length and revealed significant mean effect sizes for inter-
vention length as follows: short intervention, d = 0.44, p < 
.001, 95% CIs [0.30, 0.59], medium intervention, d = 0.55, 
p < .001, 95% CIs [0.16, 0.95], and long intervention, d = 
0.25, p < .001, 95% CIs [0.16, 0.34]. The overall subgroup 
analysis demonstrated a significant difference between the 
intervention types, Q = 6.20, df = 2, p < .001. By observ-
ing effect sizes, all intervention lengths were effective at 
improving creativity scores, with medium length (20 min to 
1 week) offering a medium effect size (d = 0.55), followed 
by short interventions offering a small to medium effect size 
(d = 0.44), and finally long interventions, offering a small 
effect size (d = 0.25).

Meta‑analysis of pretest–posttest studies

Overall description of the literature

All studies utilized a mindfulness intervention, which ranged 
from a 5-min session to a 10-week course. These were cat-
egorized in the current analysis into short interventions 
(under 20 min; n = 6), medium interventions (over 20 min 
but under 1 week, inclusive; n = 6) and long interventions 
(more than 1 week; n = 5). Interventions were delivered in 
either group (n = 4) or individual (n = 13) formats. All inter-
ventions led participants through exercises based on classic 
mindfulness instructions proposed by Kabat-Zinn (1990). 
This included breath focusing, body scans (focusing on each 
body area, in turn, from head to toe), and mindful stretching. 

Creativity measures varied between both convergent think-
ing tasks (n = 5) and divergent thinking tasks (n = 12). 
Four studies utilized the AUT, one utilized the RAT, five 
utilized the TTCT, three used problems that are typically 
solved via insight, one study used noninsight problems, one 
study used an RWT, one used a decision-making task, and 
the final study used a creative originality task which shares 
similarities to the AUT.

Preliminary analyses

Study characteristics and results were used to create a stem-
and-leaf display showing the distribution of the effect sizes 
(see Fig. 2), which indicates that in each of the trials, the 
participants’ creative performance was better postinterven-
tion compared with pre-intervention. A nonsignificant Q 
statistic (Q = 14.94, p = .53) indicated a nonheterogeneous 
distribution of effect sizes, T2 = 0.62. The I2 value showed 
that there is no observed heterogeneity in this sample. Stand-
ard error and standard difference in means were used to cre-
ate a funnel plot to assess the potential role of publication 
bias (Harbord et al., 2006; see Appendix D of the Supple-
mental Material). Observational analysis reveals asymmetry 
in the funnel plot, indicative of publication bias. Trim and 
fill analyses, a nonparametric data augmentation technique, 
was therefore used to adjust for identified publication bias in 
the sample by yielding adjusted effect sizes for this dataset 
(Duval & Tweedie, 2000).

Results

Seventeen studies utilizing pretest–posttest designs were 
included in the meta-analysis, with a total of 848 participants 
(Mdn = 25), and all 17 reported positive effect sizes rang-
ing from 0.004 to 1.92 (Mdn = 0.24; refer to the “PPRD” 
Supplemental Material for raw data). Figure 2 presents a 
stem-and-leaf display showing the distribution of these 
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Fig. 2  Stem-and-leaf display of the distribution of the effect sizes for studies utilizing a pretest–posttest design
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effect sizes. The unweighted mean of the adjusted effect size 
estimate was 0.59, with a standard deviation of 0.11. The 
upper and the lower bounds of the 95% confidence interval 
were 0.38 and 0.81. The results from the meta-regression 
analyses using a random effects model, p < .001, 95% CIs 
[0.38, 0.81], suggest that mindfulness interventions were 
highly successful at improving creative performance scores 
(see Appendix J of the Supplemental Material for random 
effects data; see Appendix M of the Supplemental Material 
for moderator analyses; see Supplemental Material “MR” 
for meta-regression analyses), with the mean effect size of 
studies utilizing pretest–posttest designs being significant, d 
= 0.59 (0.004 to 1.92; see Fig. 2 for the distribution).

The first moderator analysis focused on creativity type 
and revealed significant mean effect sizes for convergent 
thinking tasks, d = 0.80, p < .001, 95% CIs [0.35, 1.2], 
and divergent thinking tasks, d = 0.52, p < .001, 95% CIs 
[0.24, 0.80]. Subgroup analysis revealed a nonsignificant 
difference between the type of creativity, Q = 1.04, df = 1, 
p = .53. Mindfulness may be more effective at improving 
performance on convergent thinking tasks, with a medium to 
large effect size (d = 0.80), compared with divergent think-
ing tasks, with a medium effect size (d = 0.52); however, this 
difference was not significant.

Moderator analysis for intervention length revealed mean 
effect sizes for intervention length as follows: short inter-
vention, d = 0.45, p = .002, 95% CIs [0.17, 0.73], medium 
intervention, d = 0.73, p < .001, 95% CIs [0.33, 1.14], and 
long intervention, d = 1.06, p = .002, 95% CIs [0.23, 1.87]. 
The overall sub-group analysis demonstrated no significant 
difference between the intervention lengths, Q = 2.64, df 
= 2, p = .27. Therefore, it can be concluded that interven-
tion length did not impact intervention success on creative 
performance. However, longer interventions led to a larger 
effect size (d = 1.06), relative to medium interventions 
(medium to large effect size: d = 0.73) and short interven-
tions (small to medium effect size: d = 0.45).

Discussion

The contradictory findings in the literature relating to 
the influence of mindfulness on creativity warranted 
further investigation, thereby necessitating the current 
meta-analyses. Commonly held criticisms concerning 
existing studies examining the effect of mindfulness on 
creativity have noted the lack of control groups (e.g., 
Baer, 2003; Bishop, 2002; Lebuda et al., 2016), hence the 
present analyses focused on the use of control groups as 
a moderator along with intervention length and the type 
of creativity task in terms of the predominant distinction 
in the literature between divergent thinking tasks and 
convergent thinking tasks. It was deemed to be especially 

important to differentiate between different study designs 
with respect to the control-group moderator to tease out 
the influence of control groups in the mindfulness litera-
ture relative to the use of pretest–posttest designs.

Consistent with previous findings (Capurso et al., 2014; 
Ding et al., 2014; Henriksen et al., 2020), we provide sup-
port for the overall effectiveness of mindfulness interven-
tions in enhancing creative performance. Here, mindfulness 
significantly improved creativity with a small to medium 
effect size for studies with a control group design (d = 0.42) 
and with a medium effect size for pretest–posttest stud-
ies (d = 0.59). The differences in the observed effect sizes 
further justifies the use of two separate meta-analyses here 
and emphasizes the importance of study design in mindful-
ness intervention studies. Control group designs are often 
favoured to pretest–posttest designs, specifically in relation 
to RCTs, due to the ability to control for the influence of 
demand characteristics and placebo effects (Baer, 2003). For 
this reason, our expectations were for control group studies 
to report larger effect sizes due to the superior methodo-
logical design. Unexpectedly, pretest–posttest design studies 
displayed a larger effect size compared with control group 
design studies. We therefore outline possible explanations 
for this result below.

First, practice effects are a common issue highlighted 
in pretest–posttest designs, and it is possible that observed 
improvements are a result of task repetition (Dimitrov & 
Rumrill, 2003). Several studies (Ostafin & Kassman, 2012; 
Poure, 2016; Walsh, 2013) also failed to provide a measure of 
state or trait mindfulness before or following the intervention, 
therefore it is unclear whether mindfulness characteristics 
increased in line with creative performance, as indicated 
by Baas et al. (2014), or whether there was no correlation 
between the two, as suggested by Zedelius and Schooler 
(2015). Furthermore, specific studies (e.g., Justo et al., 2014) 
reported a very large effect size of 1.92, and it is possible 
that this study alone may have influenced the overall effect 
size of the pretest–posttest analysis. It is important to note 
that although adjustments were made to the pretest–posttest 
data using Duval and Tweedie’s (2000) trim and fill method, 
publication bias was still detected both in observational 
analysis of the funnel plot and via Begg and Mazumdar’s 
Rank Correlation Test, suggesting the possibility of missing 
studies, which might have altered the overall interpretation 
of the current review, and conclusions should therefore 
be treated cautiously due to the low quality and volume 
of studies. Finally, the implication of the larger effect size 
of pretest–posttest studies relative to that for the active 
control groups might be that the latter studies were better 
at identifying benefits of mindfulness while excluding other 
aspects of the intervention, therefore in that sense, active 
control groups were more effective than pretest–posttest 
designs, in line with the literature (e.g., Baer, 2003).
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Active versus no‑treatment versus waiting‑list 
control groups

To restate, a key methodological limitation of existing mind-
fulness research is the type of control group that is selected 
in an effort to ensure that observed results are due to a mind-
fulness manipulation. Several researchers have raised con-
cerns, mainly towards the use of waiting-list control groups 
(e.g., Park et al., 2013), although criticisms also extend to 
poorly chosen active control groups (MacCoon et al., 2012), 
and to no-treatment control groups (Farias & Wikholm, 
2016). It was, therefore, important to analyze the types of 
control groups utilized in the current review of studies, and 
to assess how each type of control group might influence 
findings.

Here, we found a significant difference between the types 
of control groups used to assess creative performance, vali-
dating the approach to the current meta-analyses. Bishop 
(2002) and Baer (2003) highlighted criticisms in the mind-
fulness literature relating to the lack of active control groups. 
Baer (2003) noted that although treatment-as-usual controls 
and no-treatment controls account for change due to time, 
an active control is needed to account for the influence of 
demand characteristics and placebo effects, and specifically 
allows for the interrogation of the benefits of mindfulness 
practices as opposed to the benefits of relaxation, which may 
have a confounding effect. In support of these concerns, the 
current review reports a medium effect size using active 
control groups (d = 0.47) and a small effect size using no-
treatment control groups (d = 0.24).

The active control groups (n = 14) utilized in the analy-
ses ranged from a podcast on an irrelevant topic (Zabelina 
et al., 2011), to an integrative body-and-mind training ses-
sion (Ding et al., 2015a). This variance in active control 
tasks has the potential to increase confounding variables, 
for example, mind wandering, which plays a role in creative 
performance and varies dependent on the demand of a task 
(e.g., a podcast could be viewed as being a low-demand task 
whereas body-and mind-training could be viewed as being a 
high-demand task). Task demand seems to be important for 
mind wandering and creative performance (e.g., higher task 
difficulty can lead to higher mind wandering and impasse), 
and therefore may influence supposed effects of creativity 
on mindfulness.

The current review found waiting-list control groups 
to yield the largest effect size (d = 1.01). There are some 
ethical advantages of employing waiting-list designs in that 
they allow for participants who are seeking help, perhaps for 
clinical interventions, to access the same level of care as the 
intervention group, whilst eliminating the use of a “sham” 
or “placebo” intervention. There are also some theoretical 
arguments for favouring the use of waiting-list control 
groups (e.g., because they provide an untreated comparison 

condition using participants who closely resemble those in 
an intervention group), but there have been observations 
(e.g., Cunningham et al., 2013) that waiting-list control 
groups can overestimate, or artificially inflate, intervention 
effects, in that waiting-list control groups may not control for 
extraneous variables that systematically relate to the desired 
variable, in our case, mindfulness.

Cunningham et al. (2013) conducted an exploratory ran-
domized trial to test the proposition that waiting-list control 
groups may artificially inflate intervention effect estimates 
as earlier suggested (cf. Hart & Bagiella, 2012; Hart et al., 
2008), and gave further weight to the need for caution in 
employing waiting-list designs, providing evidence of wait-
ing-list conditions overestimating treatment effects. Cun-
ningham et al. (2013) highlighted several explanations for 
this overestimation effect, leaning towards the likelihood 
that waiting-list controls interrupt readiness for, or activi-
ties towards, changing behaviour. Participants placed on a 
waiting list for active treatment may be less likely to engage 
in beneficial self-help whilst they are waiting than a group 
who were not waiting for treatment. Because the waiting 
list control group do less self-help, then there seems to be 
a larger difference between them and the treatment group, 
hence a bigger effect size than observed in other control 
group designs.

Although the waiting-list control groups included in 
the current sample were allocated randomly, and were 
assumed to be comparable to experimental groups, most 
of the studies did not tease out between-group differ-
ences in their samples (e.g., Ostafin & Kassman, 2012), 
and it is possible that group differences in creative 
performance and/or mindfulness traits existed prior to 
the intervention, influencing findings. We suspect that 
some waiting-list control groups employed here could 
have artificially inflated the effect sizes of the mind-
fulness intervention, for the reasons outlined above. In 
sum, waiting-list control groups seem less desirable than 
other controls for multiple reasons, but mainly due to 
their inability to control for extraneous variables, and 
we therefore support the view that waiting-list con-
trol groups should only be employed when it would be 
unethical to deny participants access to treatment (Ovosi 
et al., 2017).

Overall, researchers do seem to be addressing concerns 
surrounding active control groups (Baer, 2003; Bishop, 2002; 
MacCoon et al., 2012); however, there still exists a limitation 
in that active-control groups are too varied and broad, and 
a consensus concerning a clear definition of active-control 
groups is required to ensure consistency across studies. We 
support MacCoon et al.’s (2012) definition and recommend 
that future research should utilize active control tasks that 
match mindfulness interventions in nonspecific factors (e.g., 
duration) and not include mindfulness, to ensure that group 
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differences can be attributed to the absence or presence of 
the experimental condition, ensuring consistency across 
studies.

Convergent versus divergent thinking tasks

Mindfulness has been linked with processes that might be 
beneficial for creativity, including attentional control and 
executive functioning (Anderson et al., 2007; Tang et al., 
2012). Such claimed benefits arising from mindfulness 
are, however, contested and might also depend on the con-
vergent or divergent nature of the creativity task at hand 
(for a review, see Lebuda et al., 2016). From a theoretical 
standpoint, therefore, it was important in the present meta-
analyses to differentiate between convergent and divergent 
thinking tasks.

In line with previous research, mindfulness significantly 
improved tasks assumed to measure creativity, with a small 
to medium effect size being observed for studies with a con-
trol group design, and a medium effect size for studies uti-
lizing a pretest–posttest design. The type of creativity task 
did emerge as a significant moderator for studies utilizing 
control groups. More specifically, mindfulness was more 
effective at improving creative performance on convergent 
thinking tasks (d = 0.47) compared with creative perfor-
mance on divergent thinking tasks (d = 0.25). For studies 
utilizing pretest–posttest designs, there was no significant 
moderator effect of creativity task, suggesting mindfulness 
improves creativity task performance regardless of whether 
creative performance is assessed through the deployment 
of convergent or divergent thinking tasks. However, despite 
no significant difference being reported, the pattern of effect 
sizes suggested that mindfulness is, again, more effective at 
improving performance on convergent thinking tasks (d = 
0.80) than on divergent thinking tasks (d = 0.52).

In comparison with our other moderator variables, meth-
odological differences in study design do not seem to change 
the beneficial effects of mindfulness on overall creative 
performance to a large degree. Despite only control-group 
studies eliciting a significant difference between convergent 
and divergent creativity tasks, there are still clear patterns 
emerging overall to suggest that mindfulness enhances per-
formance more on the former than the latter. This finding 
points toward the idea that the effects of mindfulness on 
convergent versus divergent thinking tasks may rely on dif-
ferent functional and neural mechanisms.

To reiterate, divergent thinking tasks are commonly 
viewed as drawing upon two core processes—that is, idea 
generation and idea evaluation (Runco, 2012; Sowden et al., 
2015). At a more detailed level, divergent thinking tasks 
appear to involve an interplay between Type 1 associative 
processes that are dominant during idea generation and Type 
2 analytic processes that are dependent upon attention and 

WM, which are prevalent during idea evaluation. These 
processes, moreover, are commonly linked, respectively, 
to the functioning of the DMN and ECN (Beaty et  al., 
2015), whereby cognitive switching between networks is 
particularly beneficial for divergent thinking. Mindfulness 
is also associated with reduced activation of the DMN as 
well as with enhanced executive and attentional control that 
is associated with activation of the ECN (Taren et al., 2017), 
supporting the notion that synchrony between DMN and 
ECN is required for divergent thinking.

This involvement of attentional and executive processes, 
leading to better idea evaluation, enables us to make sense 
of the benefits that can arise from mindfulness interven-
tions on divergent thinking. The current review supports 
the possibility that mindfulness enhances performance on 
divergent thinking tasks such as the AUT by increasing 
the efficiency of brain networks such as the ECN, thereby 
enhancing executive aspects of attentional processing that 
are required to do well on such tasks. In terms of Type 1 
and Type 2 processing, our results therefore indicate that 
Type 2 processing is more relevant for the idea evaluation 
component that is important for successful performance on 
divergent thinking tasks. Individuals need to draw upon WM 
and cognitive decoupling, as well as mental stimulation to 
appraise the quality of divergent outcomes.

As in the case of processing on divergent thinking tasks, 
attentional control may also be a key requirement for effec-
tive performance on convergent thinking tasks, especially 
in terms of the involvement of WM capacity, which relates 
to the set of attentional processes that enable individuals 
to maintain goals, prioritize relevant information and avoid 
distractions (Oberauer, 2019). According to the business-
as-usual view of insight problem-solving with convergent 
thinking tasks (e.g., Ball & Stevens, 2009; Gilhooly et al., 
2015), individuals draw upon WM resources to plan and 
execute search strategies to reach a solution as well as to 
evaluate solution success (e.g., MacGregor et al., 2001; 
Marsh et al., 2021; Ormerod et al., 2002, 2013; Payne & 
Duggan, 2011). Attentional control and WM capacity are 
also enhanced by mindfulness practice (Taren et al., 2017), 
by activating the same brain regions and allowing them to 
work more efficiently (Bailey et al., 2019). It therefore seems 
plausible that attentional and WM processes play an impor-
tant role in understanding how mindfulness impacts creative 
outcomes with convergent thinking tasks.

On the other hand, the special-process-view of insight 
problem-solving with convergent thinking tasks (e.g., 
Bowden et al., 2005; Gilhooly et al., 2015) suggests that 
solutions are achieved through an open-minded approach 
that is primarily driven by nonconscious restructuring and 
associative processes. Based on this view, mind-wandering 
frequency, which improves one’s ability to be more open-
minded and elicit nonconscious processes, has been shown to 
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be correlated with higher creative performance (cf. Yamaoka 
& Yukawa, 2020). More specifically, mind wandering 
has been claimed to be important on convergent thinking 
tasks (Baird et al., 2012; Zedelius & Schooler, 2015), as 
is evidenced by studies investigating incubation effects, 
which demonstrate that mind wandering during incubation 
enhances the attainment of convergent task solutions (Baird 
et  al., 2012; Leszczynski et  al., 2017). In applying the 
proposed mechanism of mind wandering in conjunction with 
the special-process-view, then the prediction would be that 
performance on convergent thinking tasks should decrease 
following a mindfulness intervention because the attentional 
control that arises is counterproductive for nonconscious 
restructuring and associative processing.

However, our findings support the notion that 
mindfulness improves creative performance on convergent 
thinking tasks. Critically, mindfulness has been found to 
reduce mind-wandering thoughts, encouraging heightened 
present-moment awareness and attention (Xu et al., 2017). 
We also note here an alternative explanation of our 
findings, which is that the act of practicing mindfulness 
might improve the cognitive control required to switch 
flexibly between defocused attention (in alignment with 
the special-process view) and focused attention (in 
alignment with the business-as-usual view). We suggest 
that future research would do well to examine this proposal 
that enhanced cognitive flexibility might have a role to 
play in understanding the link between mindfulness and 
creativity on convergent thinking tasks, and potentially on 
divergent thinking tasks too.

Notwithstanding our interpretation of the evidence as 
seemingly supporting a business-as-usual account of creative 
processing on convergent thinking tasks, we also recognize 
that within any one study using such tasks there will be 
numerous trials, each involving a different problem (e.g., a 
RAT, CRAT, or rebus item), with some problems perhaps 
being solved in a business-as-usual way but others being 
solved in a special-process way. It would, therefore, only be 
aggregate data, which collapses across individual problems, 
that would reveal an overall benefit of mindfulness because 
of the enhancement effects arising solely on the problems 
solved in a business-as-usual manner. Under this account, 
it would have to be assumed that mindfulness interventions 
have little negative impact when problems are solved via a 
special-process mechanism, which is entirely possible. We 
contend that future research would benefit from examining 
more carefully the links between mindfulness practice 
and task success at the item level, where neuroimaging 
evidence and phenomenological self-reports could be used 
to determine whether any particular problem has been solved 
either in a more step-by-step and analytic way (in line with 
the business-as-usual account) or in a more holistic and 
intuitive way (in line with the special-process account).

A further important point to consider in interpreting data 
relating to a potential link between mindfulness and crea-
tivity is that mindfulness practice might have a beneficial 
effect on aspects of cognition other than attention and WM, 
which might likewise indirectly translate into improvements 
in creative performance. For example, many researchers tes-
tify to the impact that mood has on creativity and argue 
that creative tasks are mood sensitive (e.g., Amabile et al., 
2005), reporting a significant, positive relationship between 
elevated mood states and creativity (e.g., Davis, 2009). 
There is likewise an extant literature that supports a positive 
association between mindfulness and enhanced mood (e.g., 
Garland & Howard, 2013; Keng et al., 2011). Therefore, it is 
not unreasonable to suggest that the benefits that arise from 
mindfulness on creative performance could be mediated by 
positive mood.

In a similar vein, the construct of mindfulness has been 
claimed to promote single-minded goal maintenance, which 
has been theorized to relate to the goal maintenance com-
ponent of the cognitive control element of working memory 
(Gazzaley et al., 2005). Individuals can also improve their 
ability to encode information through mindfulness practice 
(Lueke & Lueke, 2019). In sum, we accept that the benefits 
of positive mood, goal maintenance, and problem encod-
ing on creative cognition could potentially account for the 
beneficial effect of mindfulness on creativity reported here, 
and further research is clearly needed to investigate this 
possibility.

Outcomes of short, medium and long mindfulness 
interventions

For pretest–posttest studies, there was no significant differ-
ence between intervention lengths, suggesting intervention 
length did not affect the success of an intervention on crea-
tive performance. Here, long interventions were most effec-
tive at improving creative performance with a large effect 
size (d = 1.06), followed by medium interventions (d = 0.73) 
and short interventions (d = 0.45). These findings do not 
run counter to the notion that longer, more intensive mind-
fulness interventions may be the most effective (Josefsson 
et al., 2011).

For studies employing a control-group design, however, 
intervention length did emerge as a significant moderator. 
Here, medium interventions were most effective at 
improving creative performance (d = 0.55), followed by 
short interventions (d = 0.44) and then long interventions (d 
= 0.25). Despite all three successfully improving creativity, 
these findings run counter to previous research, which has 
indicated that longer, more intensive interventions are the 
most effective (Josefsson et al., 2011). It could be argued 
that interventions classified as short in the present review 
(i.e., under 20 min), might not be long enough to elicit any 
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change. Other researchers, such as Jedrczak et al. (1986), 
have categorized short interventions as less than 1 week. It is 
possible that our short category did not include interventions 
that other researchers would have termed short. However, 
our categorization methods are in line with Mrazek et al. 
(2012), who suggested that mindfulness interventions 
effectively stimulate attentional processes, regardless of 
intervention length, and our observation that all intervention 
lengths facilitate creative performance likewise supports 
the views of Mrazek et al. (2012). In addition, our finding 
that long interventions have the lowest benefit for creative 
performance is in line with Jedrczak et al. (1986), who found 
shorter interventions (i.e., less than 1 week) to be more 
effective than long interventions at improving performance 
in a range of cognitive tasks.

Furthermore, there was considerable variation in the 
intensity of the interventions studied in Jedrczak et  al. 
(1986), but only intervention length was measured in the 
current analysis. There is evidence that mindfulness inten-
sity affects outcomes such as attention and stress (Khoury 
et al., 2015), although others have failed to find such effects 
(e.g., Carmody & Baer, 2009). Given that increased mindful-
ness leads to improved attention (Norris et al., 2018), and 
that improved attention can improve creative processes, it 
is therefore possible that intervention intensity may have 
mediated current findings and may explain differences in 
effectiveness of intervention lengths across studies. Fur-
thermore, it is important to consider the difficulties in the 
measurement of intensity and adherence, and these factors 
should be accounted for in future studies.

We contend that the paucity of research examining 
mindfulness intervention length makes it difficult to deter-
mine appropriate groupings. Despite our categorization 
approach disbursing all 20 studies equitably into short (n = 
8), medium (n = 6) and long (n = 6) interventions, we con-
cede that if different categories were selected, findings could 
vary. We emphasize the need for some form of consensus 
between researchers regarding the appropriate categorization 
of mindfulness interventions to ensure consistency across 
future studies.

Underpinning processes of the mindfulness–
creativity link

There is consistent evidence that there are common cognitive 
processes that are important for both mindfulness and 
creativity. However, there has been a lack of consensus on 
how the two concepts interrelate. Although some evidence 
indicates that mindfulness is effective in enhancing creative 
performance, such evidence has been complicated by the 
existence of research that either contradicts or fails to support 
a mindfulness–creativity link (see Henriksen et al., 2020). 
Based on the findings from the current meta-analytical 

review, however, we conclude that mindfulness influences 
processes that are important for creative processing on both 
divergent and convergent thinking tasks.

The neuroscientific research on divergent thinking points 
towards an interplay between associative processing, linked 
to the DMN, and attentional processing involved in WM and 
executive functions, linked to the ECN (Beaty et al., 2020). 
We propose that mindfulness improves performance on 
divergent thinking tasks by activating the ECN to enhance 
the executive aspects of processing (e.g., attention and WM) 
that are required for evaluative activity in tasks such as the 
AUT and TTCT, leading to improved task performance.

In relation to convergent thinking tasks, the current meta-
analytical review provides support for the business-us-usual 
account of performance on such tasks, in that attentional 
control and WM appear to be essential for successful solu-
tions to convergent thinking problems. It is likely that WM 
capacity can be enhanced by mindfulness practice by activat-
ing the same brain regions (Bailey et al., 2019). Therefore, 
our findings suggest that mindfulness practice enhances 
attentional processes, which can increase WM capacity, 
thereby aiding creative problem-solving with convergent 
thinking tasks.

Hommel (2012) argues that processing on convergent and 
divergent thinking tasks calls for different cognitive control 
states, which is a proposal that is in line with our results 
when considering the larger effect size seen for mindful-
ness interventions with convergent compared with divergent 
thinking tasks. Colzato et al. (2012) have provided empirical 
evidence to support this proposal, by investigating the effects 
of focused attention and open monitoring meditation, tech-
niques commonly utilized in mindfulness practices, on crea-
tive performance. Colzato et al. (2012) reported that focused 
attention techniques led to improved performance on conver-
gent thinking tasks, indicated by higher scores in the RAT, 
whereas open-monitoring meditation was more beneficial for 
divergent thinking tasks, measured using the AUT. Focused 
attention techniques are typically introduced earlier on in 
long-term mindfulness programmes and are mostly adopted 
during short-term practice. This is because a good degree of 
attentional focus is required to build toward more advanced 
practices, including open-monitoring techniques, which tend 
to appear later on in long-term mindfulness programmes 
and are excluded from shorter interventions. It is, therefore, 
likely that many of the mindfulness interventions employed 
in the studies that were included in the current review were 
more oriented toward focused-attention techniques, thereby 
leading to the observed higher effect size for convergent 
thinking tasks compared with divergent thinking tasks.

We also note that the aforementioned proposal is only 
applicable to experienced meditators, and it is unclear how it 
might translate to naïve meditators. Researchers suggest that 
naïve meditators would be more susceptible to interference 
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when performing divergent thinking tasks like the AUT, 
yet less likely to be affected when tackling convergent 
thinking tasks (Capurso et al., 2014). If the samples that 
were included in the current review involved beginners 
or meditation-naïve participants, then such sampling 
factors might also account for the larger effect size seen 
in convergent tasks compared with divergent tasks. These 
observations remain speculative as researchers typically do 
not record participants’ level of meditation experience.

A further point to note is that more top-down control 
would seem be required for performing effectively with 
convergent thinking tasks than divergent thinking tasks 
(Fischer & Hommel, 2012). Individual differences in WM 
capacity also influence top-down processing, as shown by 
Sobel et al. (2007), who reported that creative searches 
that relied primarily on top-down mechanisms showed 
an advantage for participants with higher WM capacity 
compared with participants with lower WM capacity. It 
is therefore possible that mindfulness is enhancing WM 
in individuals by effectively stimulating brain regions 
associated with WM such as the prefrontal cortex (e.g., 
Bailey et al., 2019; Mrazek et al., 2013). Participants are 
therefore advantaged more on convergent thinking tasks 
that rely primarily on top-down mechanisms than on 
divergent thinking tasks (Fischer & Hommel, 2012), hence 
participants undergoing mindfulness practice outperform 
control participants at creative thinking tasks, and the 
difference is greater for convergent thinking tasks compared 
with divergent thinking tasks.

Another explanation worth considering, for the larger 
effect size seen for convergent thinking tasks compared with 
divergent thinking tasks, is that the convergent thinking tasks 
(e.g., RATs and CRATs) are somewhat hybrid in nature, 
requiring considerable divergent thinking before processing 
converges on a single, correct solution. Thus, performance 
on convergent thinking tasks might benefit due to the 
mindfulness intervention exerting a positive effect on both 
divergent and convergent thinking processes, as seen from 
the business-as-usual perspective (Ball & Stevens, 2009). In 
contrast, the divergent thinking tasks used in some studies 
(e.g., AUT) are arguably purer measures of only divergent 
thinking with less convergent thinking required. Although, 
some convergent processes might be required (e.g., checking 
that a response is original/unusual on the AUT) this may be 
less WM intensive, because there is usually no necessity to 
arrive at the single correct solution, unlike with a convergent 
thinking task. Thus, although both categories of task might 
benefit from the impact of mindfulness on the divergent 
stage of the process, the “convergent” thinking tasks might 
gain additional benefit from the effect of mindfulness on 
the convergent stage of the process, due to the beneficial 
effects on WM.

In sum, our findings seem to support Guilford’s 
(1967) suggestion that convergent and divergent thinking 
represent different components of human creativity, and 
it is likely that there are different underlying cognitive 
processes involved in these two components. We propose 
several possible explanations for this, including the 
influence of top-down processing, the type of mindfulness 
practice being employed, and the level of meditation 
experience of the sample. We recommend that further 
research considers these factors to understand fully the 
influence of mindfulness on convergent and divergent 
thinking tasks (Bailey et al., 2019; Mrazek et al., 2013).

Overall, given the dissimilarities between studies 
included in the current meta-analyses in terms of how 
mindfulness was operationalized and how creativity was 
assessed (see Tables 2 and 3 for study details), it is difficult 
to comment on the reasons for inconsistencies in findings. 
Here, we have offered some observations and theoretical 
suggestions, but is seems clear that more conceptual clarity 
is needed.

Review of the meta‑analytic procedure

As previously discussed, mindfulness is often referred to 
using a variety of different terms, including “meditation,” 
“relaxation,” “focused-attention training,” and “open-mon-
itoring training.” This makes it difficult to search and locate 
papers that are incorporating mindfulness interventions but 
terming it differently. We recommend that future research 
should remain vigilant about this variety of terminology in 
the literature, and we also encourage researchers to work 
toward developing a consistent and generic concept of 
mindfulness.

Limitations of included studies

Several studies in the current sample provided participants 
with the same problem postintervention, if participants 
had previously failed to solve the problem preintervention 
(Colzato et al., 2012; Ren et al., 2011). Not only does this 
increase practice effects (Calamia et al., 2012) but it also 
incorporates an accidental incubation period, since a partici-
pant’s attention is diverted elsewhere before they are asked 
to solve the same problem again. Given the compelling 
evidence that such incubation periods can enhance creativ-
ity (Sio & Ormerod, 2009), it is possible that the inadvert-
ent introduction of incubation time in some of the studies 
included in our meta-analyses may have influenced creative 
performance as a moderator variable, such that our findings 
should be interpreted with caution.
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Based on Webb et  al.’s (2017) recommendation, 
categorizing tasks into either convergent thinking tasks or 
divergent thinking tasks is typically based on the processes 
that are deemed to be most important for tackling them. For 
example, the AUT is a typical index of divergent thinking 
that requires combining different types of information in 
novel and flexible ways (Guilford, 1967). Importantly, some 
tasks require a combination of both convergent and divergent 
thinking to reach a solution. Problems that are often solved 
via insight (for a review see Webb et al., 2017) require the 
ability to generate diverse ideas (divergent thinking), but 
more importantly, require the ability to identify a successful 
solution (convergent thinking). Since convergent thinking 
is more important here, then such problems would be 
categorized as convergent tasks, despite requiring some 
divergent thinking. This overlap in some tasks makes it 
difficult to categorize tasks with certainty and may account 
for some variation in findings.

The current meta-analyses are the first to examine the 
effects of mindfulness interventions on convergent and 
divergent thinking tasks. To date, only one other review has 
focused on mindfulness and creativity (Lebuda et al., 2016) 
and this was limited by a focus on creativity as one holistic 
construct rather than as involving separable processes that 
underpin convergent versus divergent thinking tasks. The 
current review addresses important gaps in the literature 
relating to the impact of mindfulness on creativity and the 
role of moderating factors that include the type of creativity 
task, the length of the mindfulness intervention and the use 
of control groups. We contend that our findings will benefit 
future research investigating the mechanisms underpinning 
mindfulness effects by having helped to clarify some of the 
main causal dependencies that are likely to exist between 
manipulated factors.

We acknowledge that the current review is vulnerable 
to limitations associated with all meta-analyses. Although 
published guidance was followed (Bornstein et al., 2013; 
Rothstein et  al., 2006), as were previous examples of 
related meta-analyses in the literature (Lebuda et al., 2016; 
Sio & Ormerod, 2009), it is still possible that a study has 
been missed. Nevertheless, publication bias was adjusted 
where necessary using the trim and fill technique (Duval & 
Tweedie, 2000) and confidence intervals were adjusted with 
an estimate of missing trials to account for this. The greatest 
limitation of the current review is the overall lack of good 
quality studies focusing on mindfulness interventions with 
creative outcomes, in turn, leading to a small number of 
studies in each moderator analysis. The paucity of studies 
meeting our inclusion criteria therefore limits our ability 
to draw firm conclusions about mindfulness and creativity.

Importantly, there is also some critique surrounding the 
use of divergent and convergent thinking tasks of the kind 
that have been utilized in the current review. For example, 

Zeng et al. (2011) commented that real-world creativity 
requires a type of creative processing that is rarely studied 
in laboratory settings. This raises the question of how 
researchers can reliably and validly measure an individual’s 
real-life creative potential. Zeng et al. (2011) confirmed 
that most researchers resort to psychometric approaches 
to study convergent thinking (e.g., using the RAT) and 
divergent thinking (e.g., using the AUT), even though 
these methods have been criticized (Plucker, 1999). This 
is because no creative thinking task can independently 
represent an adequate assessment of individuals’ real-world 
creativity (Beaty et al., 2015). Real-world creativity cannot 
occur without the contribution of creative processes, like 
convergent and divergent thinking (Giancola et al., 2022). 
Arguably, these tasks on their own do not to represent real-
world creativity (Cropley, 2006). Despite such criticisms, 
divergent and convergent thinking tasks are useful when 
examining creativity at a more detailed level and are 
therefore continually utilized in research.

Quality assessment

All study samples were screened by two individual 
researchers during the quality assessment procedure, 
which revealed two key conclusions. First, all studies 
but one failed to conduct a power analysis to determine 
sample size and, as a result, some studies appear to 
be underpowered. It is therefore difficult to draw firm 
conclusions from the individual studies included in the 
samples. Second, only eight out of 37 studies included 
a trait/state mindfulness measure. Thus, it is unclear 
whether changes in creativity are in line with changes in 
mindfulness, or instead are due to other variables (e.g., 
practice effects or individual differences). As discussed 
in our introduction, self-reported trait mindfulness 
and experimentally induced mindfulness also elicit 
different outcomes (Bravo et  al., 2018), emphasizing 
the importance of utilizing an appropriate measure of 
mindfulness.

Recommendations for future research

The current review provides support for the use of shorter 
mindfulness interventions to stimulate improvements in 
people’s performance with both convergent and divergent 
thinking tasks. Interventions ranging from 20 min to 1 
week were most effective at successfully enhancing 
creative performance, in line with previous research 
(Jedrczak et al., 1986; Larson et al., 2013; Mrazek et al., 
2012). Importantly, these findings relate to studies in 
which posttest measurements are taken immediately 
following the intervention, and results do not account for 
long-term effects of mindfulness on creativity. Indeed, 
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future research should consider shorter interventions to 
investigate the effects of mindfulness, thereby allowing 
for shorter time periods between pretest and posttest 
measures. This may positively influence sample sizes 
for intervention-based studies and further understanding 
of medium length mindfulness interventions. However, 
studies should also attempt to measure effects weeks, 
or months, following the intervention, to understand 
any longevity in the beneficial outcomes of mindfulness 
practice.

Study designs should also be carefully considered in 
future research. We note the importance of selecting an 
appropriate control group due to the inherent limitations of 
waiting-list control groups given the possibility for these to 
inflate overall effect estimates, leading to distortion of the 
true effect for the intervention. Waiting-list control groups 
seem to be poor for multiple reasons, and we therefore sup-
port the view that waiting-list control groups are reserved 
for circumstances where it would be unethical to deny par-
ticipants access to treatment (Ovosi et al., 2017). Moreo-
ver, we contend that well-formulated, active control groups 
should be employed as a gold standard based on the goals 
of the study and its setting. Ideally, it would be valuable if 
the research community could reach a consensus on suitable 
active controls for mindfulness interventions, thereby reduc-
ing variation across the literature.

As previously mentioned, one main limitation of the con-
trol group sample in our meta-analyses is the wide variety of 
active control groups utilized in the studies reviewed. These 
ranged from podcasts to an alternative meditation technique. 
Although these controls do account for the passage of time 
and for placebo effects (Baer, 2003), they may also influence 
participant traits such as dispositional mindfulness, which 
researchers failed to measure in any of the included studies, 
but which could influence creative performance. Variation 
in active control groups may have influenced overall effect 
sizes and may account for waiting-list controls eliciting a 
larger effect size in the current analysis. We recommend 
that future studies should continue to utilize control group 
designs, carefully selecting an appropriate active control, 
depending on goals and settings, to ensure an appropriate 
comparison group to test for the effectiveness of mindful-
ness interventions.

Because of the scarcity of research that adopts a 
multicomponent approach to mindfulness, our review 
took a unitary perspective on mindfulness, assuming 
that it is one, singular construct. This has allowed for 
advancements in terms of understanding the theoretical 
underpinnings of the mindfulness–creativity link and 
this approach also ref lects a clear consensus in the 
literature up until this point. However, we are aware that 
views of the mindfulness construct are shifting more 
towards a multicomponent perspective, hence, future 

research should attempt to adopt this view to deepen 
understanding of the subfacets of mindfulness.

The way in which researchers define creativity varies 
considerably. Here, an effort was made to ensure that our 
definition was broad and inclusive, in line with up-to-date 
conceptualizations of creativity (e.g., Simonton, 2017, 
2018; see also Plucker et  al., 2004). There are several 
approaches to examining creativity within different 
contexts, including everyday creativity (e.g., Goslin-
Jones & Richards, 2018), hence we recommend that future 
research should examine mindfulness effects on creativity in 
real-world settings and on a far broader range of tasks than 
those that have become the mainstay of laboratory-based 
research with convergent and divergent thinking tasks. We 
have also noted how the dual-process distinction between 
Type 1 and Type 2 processes may align with the distinction 
between idea generation and idea evaluation (cf. Sowden 
et al., 2015), although the validity of this alignment would 
benefit from further analysis, as would the specific influence 
of mindfulness on Type 1 and Type 2 processing in creative 
situations.

Conclusion

The current analyses found evidence for theoretical 
claims that mindfulness enhances creativity, with a small 
to medium effect size arising for studies using control 
group designs and a medium effect size arising for stud-
ies using pretest–posttest designs. However, discrepant 
findings were observed for moderator variables. Control 
group variations significantly influenced the effective-
ness of mindfulness on creative performance, although we 
note our concerns with waiting-list designs possibly arti-
ficially inflating effect sizes. Convergent thinking tasks 
benefitted more from a mindfulness intervention relative 
to divergent thinking tasks for both analyses, suggesting 
that mindfulness has a differential effect on the under-
pinning cognitive processes associated with these tasks. 
Intervention length significantly affected the success of 
the intervention in control group studies but did not affect 
the success of the intervention in pretest–posttest studies, 
with no clear explanation for this variation. In both meta-
analyses, medium length (20 min to 1 week) interventions 
displayed medium to large effect sizes and were deemed 
to be the most effective for enhancing creativity.

Based on our findings, we recommend that future 
research continues to utilize active control groups that 
involve tasks that match mindfulness interventions in non-
specific factors while also excluding a mindfulness ele-
ment so that differences between groups can be accurately 
attributed to the presence versus absence of mindfulness. 
We propose a theoretical basis for our observed effects 
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that relates to the role of mindfulness in enhancing atten-
tional and WM processes that can then facilitate creativity 
both on divergent and convergent thinking tasks in spe-
cific ways. This explanation makes sense of the benefits 
that can arise from mindfulness interventions on creative 
performance, thereby potentially guiding future research 
in advancing the development of underlying theoretical 
accounts of the relationship between mindfulness and 
creativity.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 3758/ s13423- 023- 02327-w.

Author note We would like to extend our thanks to Professor Paul 
Sowden, who offered valuable feedback that helped with the progres-
sion of the article.

Authors’ contributions Z. D. Hughes, L. J. Ball, C. Richardson, and J. 
Judge contributed to the design and implementation of the review, to 
the analysis of the results and to the writing of the manuscript.

Availability of data and materials We adhered to the Meta-Analytic 
Reporting Standards (MARS) for meta-analytic reporting (Appelbaum 
et al., 2018). The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) statement was used to guide the review 
process (Moher et al., 2009). All meta-analytic data and research mate-
rials have been made publicly available at The Open Science Frame-
work (https:// osf. io/ e9ums/? view_ only= 9d8da dd401 7e4a4 c9b39 2539d 
da473 af).

Code availability Data were analyzed using Comprehensive Meta-
Analysis (CMA; Bornstein et al., 2013) Version 3.0. This review pro-
ject was not preregistered.

Declarations 

Ethical approval A meta-analytic review process involved the study 
authors collecting and synthesizing data from previous clinical trials, in 
which informed consent was already obtained by the trial investigators, 
therefore, the University of Central Lancashire Ethics Committee have 
confirmed that no ethical approval is required.

Consent to participate Not applicable.

Consent for publication Not applicable.

Conflicts of interest/Competing interests The authors have no com-
peting interests to declare that are relevant to the content of this article.

Open Access  This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article's Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article's Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http:// creat iveco mmons. 
org/ licen ses/ by/4. 0/.

References

Abraham, A. (2018). The neuroscience of creativity. Cambridge Uni-
versity Press. https:// doi. org/ 10. 1017/ 97813 16816 981

Acar, S., Burnett, C., & Cabra, J. F. (2017). Ingredients of creativ-
ity: Originality and more. Creativity Research Journal, 29(2), 
133–144. https:// doi. org/ 10. 1080/ 10400 419. 2017. 13027 76

Amabile, T. M., Barsade, S. G., Mueller, J. S., & Staw, B. M. (2005). 
Affect and creativity at work. Administrative Science Quar-
terly, 50(3), 367–403. https:// doi. org/ 10. 2189/ asqu. 2005. 50.3. 
367

Anderson, N. D., Lau, M. A., Segal, Z. V., & Bishop, S. R. (2007). 
Mindfulness-based stress reduction and attentional control. 
Clinical Psychology and Psychotherapy, 14(6), 449–463. 
https:// doi. org/ 10. 1002/ cpp. 544

Anicha, C. L., Ode, S., Moeller, S. K., & Robinson, M. D. (2012). 
Toward a cognitive view of trait mindfulness: Distinct cogni-
tive skills predict its observing and nonreactivity facets. Jour-
nal of Personality, 80(2), 255–285. https:// doi. org/ 10. 1111/j. 
1467- 6494. 2011. 00722.x

Appelbaum, M., Cooper, H., Kline, R. B., Mayo-Wilson, E., Nezu, 
A. M., & Rao, S. M. (2018). Journal article reporting standards 
for quantitative research in psychology: The APA publications 
and Communications Board task force report. American Psy-
chologist, 73(1), 3–25. https:// doi. org/ 10. 1037/ amp00 00191

Ash, I. K., & Wiley, J. (2006). The nature of restructuring in insight: 
An individual-differences approach. Psychonomic Bulletin & 
Review, 13(1), 66–73. https:// doi. org/ 10. 3758/ BF031 93814

Baas, M., Nevicka, B., & ten Velden, F. S. (2014). Specific mind-
fulness skills differentially predict creative performance. Per-
sonality and Social Psychology Bulletin, 40(9), 1092–1106. 
https:// doi. org/ 10. 1177/ 01461 67214 535813

Baas, M., Nevicka, B., & ten Velden, F. S. (2020). When paying 
attention pays off: The mindfulness skill act with awareness 
promotes creative idea generation in groups. European Jour-
nal of Work and Organizational Psychology, 29(4), 619–632. 
https:// doi. org/ 10. 1080/ 13594 32X. 2020. 17278 89

Baer, R. A. (2003). Mindfulness training as a clinical intervention: 
A conceptual and empirical review. Clinical Psychology: Sci-
ence and Practice, 10(2), 125–143. https:// doi. org/ 10. 1093/ 
clipsy/ bpg015

Baer, R. A., Smith, G. T., & Allen, K. B. (2004). Assessment of 
mindfulness by self-report: The Kentucky inventory of mind-
fulness skills. Assessment, 11(3), 191–206. https:// doi. org/ 10. 
1177/ 10731 91104 268029

Baer, R. A., Smith, G. T., Hopkins, J., Krietemeyer, J., & Toney, L. 
(2006). Using self-report assessment methods to explore facets 
of mindfulness. Assessment, 13(1), 27–45. https:// doi. org/ 10. 
1177/ 10731 91105 283504

Bailey, N. W., Freedman, G., Raj, K., Sullivan, C. M., Rogasch, N. 
C., Chung, S. W., Hoy, K. E., Chambers, R., Hassed, C., van 
Dam, N. T., Koenig, T., & Fitzgerald, P. B. (2019). Mindful-
ness meditators show altered distributions of early and late 
neural activity markers of attention in a response inhibition 
task. PLOS ONE, 14(8), 1–15. e0203096. https:// doi. org/ 10. 
1371/ journ al. pone. 02030 96

Baird, B., Smallwood, J., Mrazek, M. D., Kam, J. W. Y., Franklin, M. 
S., & Schooler, J. W. P. (2012). Inspired by distraction: Mind 
wandering facilitates creative incubation. Psychological Science, 
23(10), 1117–1122. https:// doi. org/ 10. 1177/ 09567 97612 446024

Ball, L. J., & Stevens, A. (2009). Evidence for a verbally-based ana-
lytic component to insight problem-solving. In N. A. Taatgen 
& H. van Rijn (Eds.), Proceedings of the thirty-first annual 
conference of the cognitive science society (pp. 1060–1065). 
Cognitive Science Society.

https://doi.org/10.3758/s13423-023-02327-w
https://osf.io/e9ums/?view_only=9d8dadd4017e4a4c9b392539dda473af
https://osf.io/e9ums/?view_only=9d8dadd4017e4a4c9b392539dda473af
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1017/9781316816981
https://doi.org/10.1080/10400419.2017.1302776
https://doi.org/10.2189/asqu.2005.50.3.367
https://doi.org/10.2189/asqu.2005.50.3.367
https://doi.org/10.1002/cpp.544
https://doi.org/10.1111/j.1467-6494.2011.00722.x
https://doi.org/10.1111/j.1467-6494.2011.00722.x
https://doi.org/10.1037/amp0000191
https://doi.org/10.3758/BF03193814
https://doi.org/10.1177/0146167214535813
https://doi.org/10.1080/1359432X.2020.1727889
https://doi.org/10.1093/clipsy/bpg015
https://doi.org/10.1093/clipsy/bpg015
https://doi.org/10.1177/1073191104268029
https://doi.org/10.1177/1073191104268029
https://doi.org/10.1177/1073191105283504
https://doi.org/10.1177/1073191105283504
https://doi.org/10.1371/journal.pone.0203096
https://doi.org/10.1371/journal.pone.0203096
https://doi.org/10.1177/0956797612446024


Psychonomic Bulletin & Review 

1 3

Ball, L. J., Marsh, J. E., Litchfield, D., Cook, R. L., & Booth, N. (2015). 
When distraction helps: Evidence that concurrent articulation 
and irrelevant speech can facilitate insight problem-solving. 
Thinking and Reasoning, 21(1), 79–96. https:// doi. org/ 10. 1080/ 
13546 783. 2014. 934399

Beaty, R. E., & Silvia, P. J. (2012). Why do ideas get more creative 
across time? An executive interpretation of the serial order effect 
in divergent thinking tasks. Psychology of Aesthetics, Creativity, 
and the Arts, 6(4), 309–319. https:// doi. org/ 10. 1037/ a0029 171

Beaty, R. E., Benedek, M., Barry Kaufman, S., & Silvia, P. J. (2015). 
Default and executive network coupling supports creative idea 
production. Scientific Reports, 5(10964), 1–14. https:// doi. org/ 
10. 1038/ srep1 0964

Beaty, R. E., Benedek, M., Silvia, P. J., & Schacter, D. L. (2016). Crea-
tive cognition and brain network dynamics. Trends in Cognitive 
Sciences, 20(2), 87–95. https:// doi. org/ 10. 1016/j. tics. 2015. 10. 
004

Beaty, R. E., Kenett, Y. N., Christensen, A. P., Rosenberg, M. D., 
Benedek, M., Chen, Q., Fink, A., Qiu, J., Kwapil, T. R., Kane, 
M. J., & Silvia, P. J. (2018). Robust prediction of individual crea-
tive ability from brain functional connectivity. Proceedings of the 
National Academy of Sciences of the United States of America, 
115(5), 1087–1092. https:// doi. org/ 10. 1073/ pnas. 17135 32115

Beaty, R. E., Chen, Q., Christensen, A. P., Kenett, Y. N., Silvia, P. J., 
Benedek, M., & Schacter, D. L. (2020). Default network contri-
butions to episodic and semantic processing during divergent 
creative thinking: A representational similarity analysis. Neuro-
Image, 209(116499), 1053–8119. https:// doi. org/ 10. 1016/j. neuro 
image. 2019. 116499

Becerra, R., Dandrade, C., & Harms, C. (2017). Can specific atten-
tional skills be modified with mindfulness training for novice 
practitioners? Current Psychology, 36(3), 657–664. https:// doi. 
org/ 10. 1007/ s12144- 016- 9454-y

Berkovich-Ohana, A., Glicksohn, J., Ben-Soussan, T. D., & Goldstein, 
A. (2017). Creativity is enhanced by long-term mindfulness 
training and is negatively correlated with trait default-mode-
related low-gamma inter-hemispheric connectivity. Mindfulness, 
8(3), 717–727. https:// doi. org/ 10. 1007/ s12671- 016- 0649-y

Binder, J. R., Frost, J. A., Hammeke, T. A., Bellgowan, P. S. F., Rao, 
S. M., & Cox, R. W. (1999). Conceptual processing during the 
conscious resting state: A functional MRI study. Journal of Cog-
nitive Neuroscience, 11(1), 80–95. https:// doi. org/ 10. 1162/ 08989 
29995 63265

Bishop, S. R. (2002). What do we really know about mindfulness-based 
stress reduction? Psychosomatic Medicine, 64(1), 71–83. https:// 
doi. org/ 10. 1097/ 00006 842- 20020 1000- 00010

Bornstein, M. H., Jager, J., & Putnick, D. L. (2013). Sampling in devel-
opmental science: Situations, shortcomings, solutions, and stand-
ards. Developmental Review, 33(4), 357–370. https:// doi. org/ 10. 
1016/j. dr. 2013. 08. 003

Bowden, E. M., Jung-Beeman, M., Fleck, J., & Kounios, J. (2005). New 
approaches to demystifying insight. Trends in Cognitive Sciences, 
9(7), 322–328. https:// doi. org/ 10. 1016/j. tics. 2005. 05. 012

Bravo, A. J., Pearson, M. R., Wilson, A. D., & Witkiewitz, K. (2018). 
When traits match states: Examining the associations between 
self-report trait and state mindfulness following a state mindful-
ness induction. Mindfulness, 9(1), 199–211. https:// doi. org/ 10. 
1007/ s12671- 017- 0763-5

Brewer, J. A., Worhunsky, P. D., Gray, J. R., Tang, Y. Y., Weber, J., 
& Kober, H. (2011). Meditation experience is associated with 
differences in default mode network activity and connectivity. 
Proceedings of the National Academy of Sciences of the United 
States of America, 108(50), 20254–20259. https:// doi. org/ 10. 
1073/ pnas. 11120 29108

Brown, K. W., & Ryan, R. M. (2003). The benefits of being present: 
Mindfulness and its role in psychological well-being. Journal 

of Personality and Social Psychology, 84(4), 822–848. https:// 
doi. org/ 10. 1037/ 0022- 3514. 84.4. 822

Calamia, M., Markon, K., & Tranel, D. (2012). Scoring higher 
the second time around: Meta-analyses of practice effects 
in neuropsychological assessment. Clinical Neuropsycholo-
gist, 26(4), 543–570. https:// doi. org/ 10. 1080/ 13854 046. 2012. 
680913

Capurso, V., Fabbro, F., & Crescentini, C. (2014). Mindful creativity: 
The influence of mindfulness meditation on creative thinking. 
Frontiers in Psychology 4(1), Article 1020, 1–2.https:// doi. org/ 
10. 3389/ fpsyg. 2013. 01020

Carlsson, A., Waters, N., Waters, S., & Carlsson, M. L. (2000). Net-
work interactions in schizophrenia - therapeutic implications. 
Brain Research Reviews, 31(2/3), 342–349. https:// doi. org/ 10. 
1016/ S0165- 0173(99) 00050-8

Carmody, J., & Baer, R. A. (2009). How long does a mindfulness-
based stress reduction program need to be? A review of class 
contact hours and effect sizes for psychological distress. Journal 
of Clinical Psychology, 65(6), 627–638. https:// doi. org/ 10. 1002/ 
jclp. 20555

Carroll, J. B., & Guilford, J. P. (1968). The nature of human intelli-
gence. American Educational Research Journal, 5(2), 538–545. 
https:// doi. org/ 10. 2307/ 11618 20

Chermahini, S. A., & Hommel, B. (2011). Neural and cognitive mech-
anisms of creativity. Cognition, 115(3), 1662–5110. Retrieved 
from https:// hdl. handle. net/ 1887/ 17977

Chiesa, A. (2013). The difficulty of defining mindfulness: Current 
thought and critical issues. Mindfulness, 4(3), 255–268. https:// 
doi. org/ 10. 1007/ s12671- 012- 0123-4

Chin, B., Lindsay, E. K., Greco, C. M., Brown, K. W., Smyth, J. M., 
Wright, A. G. C., & Creswell, J. D. (2021). Mindfulness inter-
ventions improve momentary and trait measures of attentional 
control: Evidence from a randomized controlled trial. Journal 
of Experimental Psychology, 150(4), 686–699. https:// doi. org/ 
10. 1037/ xge00 00969

Christensen, P. R., Guilford, J. P., & Wilson, R. C. (1957). Relations 
of creative responses to working time and instructions. Journal 
of Experimental Psychology, 53(2), 82–88. https:// doi. org/ 10. 
1037/ h0045 461

Cogdell-Brooke, L. S., Sowden, P. T., Violante, I. R., & Thompson, 
H. E. (2020). A meta-analysis of functional magnetic resonance 
imaging studies of divergent thinking using activation likelihood 
estimation. Human Brain Mapping, 41(17), 5057–5077. https:// 
doi. org/ 10. 1002/ hbm. 25170

Cohen, J. (1992). Quantitative methods in psychology. Psychological 
Bulletin, 112(1), 155–159. https:// doi. org/ 10. 1037/ 0033- 2909. 
112.1. 155

Corazza, G. E. (2016). Potential originality and effectiveness: The 
dynamic definition of creativity. Creativity Research Journal, 
28(3), 258–267. https:// doi. org/ 10. 1080/ 10400 419. 2016. 11956 27

Colzato, L. S., Ozturk, A., & Hommel, B. (2012). Meditate to create: 
The impact of focused-attention and open-monitoring training 
on convergent and divergent thinking. Frontiers in Psychology, 
3(116), 1–5. https:// doi. org/ 10. 3389/ fpsyg. 2012. 00116

Colzato, L. S., Szapora, A., Lippelt, D., & Hommel, B. (2017). Prior 
meditation practice modulates performance and strategy use in 
convergent- and divergent-thinking problems. Mindfulness, 8(1), 
10–16. https:// doi. org/ 10. 1007/ s12671- 014- 0352-9

Cropley, A. (2006). In praise of convergent thinking. Creativity 
Research Journal, 18(3), 391–404. https:// doi. org/ 10. 1207/ s1532 
6934c rj1803_ 13

Cunningham, J. A., Kypri, K., & McCambridge, J. (2013). Exploratory 
randomized controlled trial evaluating the impact of a waiting 
list control design. BMC Medical Research Methodology, 13(1), 
150–157. https:// doi. org/ 10. 1186/ 1471- 2288- 13- 150

https://doi.org/10.1080/13546783.2014.934399
https://doi.org/10.1080/13546783.2014.934399
https://doi.org/10.1037/a0029171
https://doi.org/10.1038/srep10964
https://doi.org/10.1038/srep10964
https://doi.org/10.1016/j.tics.2015.10.004
https://doi.org/10.1016/j.tics.2015.10.004
https://doi.org/10.1073/pnas.1713532115
https://doi.org/10.1016/j.neuroimage.2019.116499
https://doi.org/10.1016/j.neuroimage.2019.116499
https://doi.org/10.1007/s12144-016-9454-y
https://doi.org/10.1007/s12144-016-9454-y
https://doi.org/10.1007/s12671-016-0649-y
https://doi.org/10.1162/089892999563265
https://doi.org/10.1162/089892999563265
https://doi.org/10.1097/00006842-200201000-00010
https://doi.org/10.1097/00006842-200201000-00010
https://doi.org/10.1016/j.dr.2013.08.003
https://doi.org/10.1016/j.dr.2013.08.003
https://doi.org/10.1016/j.tics.2005.05.012
https://doi.org/10.1007/s12671-017-0763-5
https://doi.org/10.1007/s12671-017-0763-5
https://doi.org/10.1073/pnas.1112029108
https://doi.org/10.1073/pnas.1112029108
https://doi.org/10.1037/0022-3514.84.4.822
https://doi.org/10.1037/0022-3514.84.4.822
https://doi.org/10.1080/13854046.2012.680913
https://doi.org/10.1080/13854046.2012.680913
https://doi.org/10.3389/fpsyg.2013.01020
https://doi.org/10.3389/fpsyg.2013.01020
https://doi.org/10.1016/S0165-0173(99)00050-8
https://doi.org/10.1016/S0165-0173(99)00050-8
https://doi.org/10.1002/jclp.20555
https://doi.org/10.1002/jclp.20555
https://doi.org/10.2307/1161820
https://hdl.handle.net/1887/17977
https://doi.org/10.1007/s12671-012-0123-4
https://doi.org/10.1007/s12671-012-0123-4
https://doi.org/10.1037/xge0000969
https://doi.org/10.1037/xge0000969
https://doi.org/10.1037/h0045461
https://doi.org/10.1037/h0045461
https://doi.org/10.1002/hbm.25170
https://doi.org/10.1002/hbm.25170
https://doi.org/10.1037/0033-2909.112.1.155
https://doi.org/10.1037/0033-2909.112.1.155
https://doi.org/10.1080/10400419.2016.1195627
https://doi.org/10.3389/fpsyg.2012.00116
https://doi.org/10.1007/s12671-014-0352-9
https://doi.org/10.1207/s15326934crj1803_13
https://doi.org/10.1207/s15326934crj1803_13
https://doi.org/10.1186/1471-2288-13-150


 Psychonomic Bulletin & Review

1 3

Danek, A. H. (2018). Magic tricks, sudden restructuring, and the Aha! 
experience: A new model of nonmonotonic problem-solving. In 
F. Vallée-Tourangeau (Ed.), Insight: On the origins of new ideas 
(pp. 51–78). Routledge.

Davis, M. A. (2009). Understanding the relationship between mood and 
creativity: A meta-analysis. Organizational Behavior & Human 
Decision Processes, 108(1), 25–38. https:// doi. org/ 10. 1016/j. 
obhdp. 2008. 04. 001

De Boer, M. R., Waterlander, W. E., Kuijper, L. D. J., Steenhuis, I. H. 
M., & Twisk, J. W. R. (2015). Testing for baseline differences 
in randomized controlled trials: An unhealthy research behavior 
that is hard to eradicate. International Journal of Behavioral 
Nutrition and Physical Activity, 12(1), 1–8. https:// doi. org/ 10. 
1186/ s12966- 015- 0162-z

DeCaro, M. S., Van Stockum, C. A., & Wieth, M. B. (2016). When 
higher working memory capacity hinders insight. Journal of 
Experimental Psychology: Learning Memory and Cognition, 
42(1), 39–49. https:// doi. org/ 10. 1037/ xlm00 00152

de Sousa, G. M., de Lima-Araújo, G. L., de Araújo, D. B., & de Sousa, 
M. B. C. (2021). Brief mindfulness-based training and mindful-
ness trait attenuate psychological stress in university students: a 
randomized controlled trial. BMC Psychology, 9(1), 21, 1–14. 
https:// doi. org/ 10. 1186/ s40359- 021- 00520-x

Dimitrov, D. M., & Rumrill, P. D. (2003). Pretest–posttest designs and 
measurement of change. Work, 20(2), 159–165.

Ding, X., Tang, Y. Y., Tang, R., & Posner, M. I. (2014). Improving 
creativity performance by short-term meditation. Behavio-
ral and Brain Functions, 10(1), 1–8. https:// doi. org/ 10. 1186/ 
1744- 9081- 10-9

Dix, A., Ormerod, T., Twidale, M., Sas, C., Gomes da Silva, P. A., & 
McKnight, L. (2006). Why bad ideas are a good idea. Proceed-
ings of HCIEd 2006, Ballina/Killaloe, Ireland.

Ding, X., Tang, Y. Y., Cao, C., Deng, Y., Wang, Y., Xin, X., & Posner, 
M. I. (2015a). Short-term meditation modulates brain activity of 
insight evoked with solution cue. Social Cognitive and Affective 
Neuroscience, 10(1), 43–49. https:// doi. org/ 10. 1093/ scan/ nsu032

Ding, X., Tang, Y. Y., Deng, Y., Tang, R., & Posner, M. I. (2015b). 
Mood and personality predict improvement in creativity due to 
meditation training. Learning and Individual Differences, 37(1), 
217–221. https:// doi. org/ 10. 1016/j. lindif. 2014. 11. 019

Doll, A., Hölzel, B. K., Boucard, C. C., Wohlschläger, A. M., & Sorg, 
C. (2015). Mindfulness is associated with intrinsic functional 
connectivity between default mode and salience networks. 
Frontiers in Human Neuroscience, 9(1), 1–11. https:// doi. org/ 
10. 3389/ fnhum. 2015. 00461

Dunning, D. L., Griffiths, K., Kuyken, W., Crane, C., Foulkes, L., 
Parker, J., & Dalgleish, T. (2019). Research review: The effects 
of mindfulness-based interventions on cognition and mental 
health in children and adolescents—a meta-analysis of rand-
omized controlled trials. Journal of Child Psychology and Psy-
chiatry and Allied Disciplines, 60(3), 244–258. https:// doi. org/ 
10. 1111/ jcpp. 12980

Duval, S., & Tweedie, R. (2000). Trim and fill: A simple funnel-plot-
based method of testing and adjusting for publication bias in 
meta-analysis. Biometrics, 56(2), 455–463. https:// doi. org/ 10. 
1111/j. 0006- 341X. 2000. 00455.x

Duyx, B., Urlings, M. J. E., Swaen, G. M. H., Bouter, L. M., & Zeegers, 
M. P. (2017). Scientific citations favor positive results: A system-
atic review and meta-analysis. Journal of Clinical Epidemiology, 
88(1), 92–101. https:// doi. org/ 10. 1016/j. jclin epi. 2017. 06. 002

Ellamil, M., Dobson, C., Beeman, M., & Christoff, K. (2012). Evalua-
tive and generative modes of thought during the creative process. 
NeuroImage, 59(2), 1783–1794. https:// doi. org/ 10. 1016/j. neuro 
image. 2011. 08. 008

Evans, JSt. B. T., & Stanovich, K. E. (2013). Dual-process theories 
of higher cognition: Advancing the debate. Perspectives on 

Psychological Science, 8(3), 223–241. https:// doi. org/ 10. 1177/ 
17456 91612 460685

Fan, J., McCandliss, B. D., Sommer, T., Raz, A., & Posner, M. I. 
(2002). Testing the efficiency and independence of attentional 
networks. Journal of Cognitive Neuroscience, 14(3), 340–347. 
https:// doi. org/ 10. 1162/ 08989 29023 17361 886

Farias, M., & Wikholm, C. (2016). Has the science of mindfulness 
lost its mind? BJPsych Bulletin, 40(6), 329–332. https:// doi. 
org/ 10. 1192/ pb. bp. 116. 053686

Fischer, R., & Hommel, B. (2012). Deep thinking increases task-set 
shielding and reduces shifting flexibility in dual-task perfor-
mance. Cognition, 123(1), 303–307.

Field, A. P., & Gillett, R. (2010). How to do a meta-analysis. British 
Journal of Mathematical and Statistical Psychology, 63(3), 
665–694. https:// doi. org/ 10. 1348/ 00071 1010X 502733

Freeman, P. R., Hedges, L. V., & Olkin, I. (1986). Statistical methods 
for meta-analysis. Biometrics, 42(2), 454–461. https:// doi. org/ 
10. 2307/ 25310 69

Furukawa, T. A., Noma, H., Caldwell, D. M., Honyashiki, M., Shino-
hara, K., Imai, H., Chen, P., Hunot, V., & Churchill, R. (2014). 
Waiting list may be a nocebo condition in psychotherapy trials: 
A contribution from network meta-analysis. Acta Psychiatrica 
Scandinavica, 130(3), 181–192. https:// doi. org/ 10. 1111/ acps. 
12275

Garland, E. L., & Howard, M. O. (2013). Mindfulness-oriented 
recovery enhancement reduces pain attentional bias in chronic 
pain patients. Psychotherapy & Psychosomatics, 82(5), 311–
318. https:// doi. org/ 10. 1159/ 00034 8868

Gazzaley, A., Cooney, J. W., Rissman, J., & D’ Esposito, M. (2005). 
Top-down suppression deficit underlies working memory 
impairment in normal aging. Nature Neuroscience, 8(10), 
1298–1300. https:// doi. org/ 10. 1038/ nn1543

Giancola, M., Palmiero, M., & D’Amico, S. (2022). Divergent but 
not convergent thinking mediates the trait emotional intelli-
gence-real-world creativity link: An empirical study. Creativ-
ity Research Journal, 1–9. https:// doi. org/ 10. 1080/ 10400 419. 
2022. 20923 38

Giannandrea, A., Simione, L., Pescatori, B., Ferrell, K., Olivetti Belar-
dinelli, M., Hickman, S. D., & Raffone, A. (2019). Effects of the 
mindfulness-based stress reduction program on mind wander-
ing and dispositional mindfulness facets. Mindfulness, 10(1), 
185–195. https:// doi. org/ 10. 1007/ s12671- 018- 1070-5

Gilhooly, K. J., Ball, L. J., & Macchi, L. (2015). Insight and creative 
thinking processes: Routine and special. Thinking and Reason-
ing, 21(1), 1–4. https:// doi. org/ 10. 1080/ 13546 783. 2014. 966758

Giovannoli, J., Martella, D., & Casagrande, M. (2021). Assessing 
the three attentional networks and vigilance in the adolescence 
stages. Brain Sciences, 11(4), 503–517. https:// doi. org/ 10. 3390/ 
brain sci11 040503

Goldberg, S. B., Wielgosz, J., Dahl, C., Schuyler, B., MacCoon, D. S., 
Rosenkranz, M., Lutz, A., Sebranek, C. A., & Davidson, R. J. 
(2016). Does the Five Facet Mindfulness Questionnaire measure 
what we think it does? Construct validity evidence from an active 
controlled randomized clinical trial. Psychological Assessment, 
28(8), 1009–1014. https:// doi. org/ 10. 1037/ pas00 00233

Goslin-Jones, T., & Richards, R. (2018). Mysteries of creative process: 
Explorations at work and in daily life. The Palgrave handbook of 
creativity at work (pp. 71–106). Palgrave.

Gouda, S., Luong, M. T., Schmidt, S., & Bauer, J. (2016). Students 
and teachers benefit from mindfulness-based stress reduction in 
a school-embedded pilot study. Frontiers in Psychology, 7(590), 
1–18. https:// doi. org/ 10. 3389/ fpsyg. 2016. 00590

Goyal, M., Singh, S., Sibinga, E. M. S., Gould, N. F., Rowland-
Seymour, A., Sharma, R., Berger, Z., Sleicher, D., Maron, D. 
D., Shihab, H. M., Ranasinghe, P. D., Linn, S., Saha, S., Bass, 
E. B., & Haythornthwaite, J. A. (2014). Meditation programs 

https://doi.org/10.1016/j.obhdp.2008.04.001
https://doi.org/10.1016/j.obhdp.2008.04.001
https://doi.org/10.1186/s12966-015-0162-z
https://doi.org/10.1186/s12966-015-0162-z
https://doi.org/10.1037/xlm0000152
https://doi.org/10.1186/s40359-021-00520-x
https://doi.org/10.1186/1744-9081-10-9
https://doi.org/10.1186/1744-9081-10-9
https://doi.org/10.1093/scan/nsu032
https://doi.org/10.1016/j.lindif.2014.11.019
https://doi.org/10.3389/fnhum.2015.00461
https://doi.org/10.3389/fnhum.2015.00461
https://doi.org/10.1111/jcpp.12980
https://doi.org/10.1111/jcpp.12980
https://doi.org/10.1111/j.0006-341X.2000.00455.x
https://doi.org/10.1111/j.0006-341X.2000.00455.x
https://doi.org/10.1016/j.jclinepi.2017.06.002
https://doi.org/10.1016/j.neuroimage.2011.08.008
https://doi.org/10.1016/j.neuroimage.2011.08.008
https://doi.org/10.1177/1745691612460685
https://doi.org/10.1177/1745691612460685
https://doi.org/10.1162/089892902317361886
https://doi.org/10.1192/pb.bp.116.053686
https://doi.org/10.1192/pb.bp.116.053686
https://doi.org/10.1348/000711010X502733
https://doi.org/10.2307/2531069
https://doi.org/10.2307/2531069
https://doi.org/10.1111/acps.12275
https://doi.org/10.1111/acps.12275
https://doi.org/10.1159/000348868
https://doi.org/10.1038/nn1543
https://doi.org/10.1080/10400419.2022.2092338
https://doi.org/10.1080/10400419.2022.2092338
https://doi.org/10.1007/s12671-018-1070-5
https://doi.org/10.1080/13546783.2014.966758
https://doi.org/10.3390/brainsci11040503
https://doi.org/10.3390/brainsci11040503
https://doi.org/10.1037/pas0000233
https://doi.org/10.3389/fpsyg.2016.00590


Psychonomic Bulletin & Review 

1 3

for psychological stress and well-being: A systematic review 
and meta-analysis. JAMA Internal Medicine, 174(3), 357–368. 
https:// doi. org/ 10. 1001/ jamai ntern med. 2013. 13018

Grossman, P. (2008). On measuring mindfulness in psychoso-
matic and psychological research. Journal of Psychosomatic 
Research, 64(4), 405–408. https:// doi. org/ 10. 1016/j. jpsyc hores. 
2008. 02. 001

Guilford, J. P. (1967). The nature of human intelligence. 
McGraw-Hill.

Haddaway, N. R., Page, M. J., Pritchard, C. C., McGuinness, L., & 
A. (2022). PRISMA2020: An R package and Shiny app for 
producing PRISMA 2020-compliant flow diagrams, with inter-
activity for optimised digital transparency and open synthesis. 
Zenodo, 18(2), 1–18. https:// doi. org/ 10. 1002/ cl2. 1230

Harbord, R. M., Egger, M., & Sterne, J. A. C. (2006). A modified 
test for small-study effects in meta-analyses of controlled trials 
with binary endpoints. Statistics in Medicine, 25(20), 3443–
3457. https:// doi. org/ 10. 1002/ sim. 2380

Hart, T., & Bagiella, E. (2012). Design and implementation of 
clinical trials in rehabilitation research. Archives of Physical 
Medicine and Rehabilitation, 93(8), 117–126. https:// doi. org/ 
10. 1016/j. apmr. 2011. 11. 039

Hart, T., Fann, J. R., & Novack, T. A. (2008). The dilemma of the 
control condition in experience-based cognitive and behav-
ioural treatment research. Neuropsychological Rehabilitation, 
18(1), 1–21. https:// doi. org/ 10. 1080/ 09602 01060 10823 59

Hass, R. W. (2017). Semantic search during divergent thinking. 
Cognition, 166, 344–357. https:// doi. org/ 10. 1016/j. cogni tion. 
2017. 05. 039

Henriksen, D., Richardson, C., & Shack, K. (2020). Mindfulness 
and creativity: Implications for thinking and learning. Think-
ing Skills and Creativity, 37(100680), 1–10. https:// doi. org/ 10. 
1016/j. tsc. 2020. 100689

Hesser, H., Weise, C., Rief, W., & Andersson, G. (2011). The effect 
of waiting: A meta-analysis of wait-list control groups in trials 
for tinnitus distress. Journal of Psychosomatic Research, 70(4), 
378–384. https:// doi. org/ 10. 1016/j. jpsyc hores. 2010. 12. 006

Higgins, J. P. T., Thompson, S. G., Deeks, J. J., & Altman, D. G. 
(2003). Measuring inconsistency in meta-analyses. British 
Medical Journal, 327(7414), 557–560. https:// doi. org/ 10. 1136/ 
bmj. 327. 7414. 557

Hommel, B. (2012). Convergent and divergent operations in cogni-
tive search. Cognitive Search: Evolution, Algorithms, and the 
Brain, 9(1), 215–230. https:// doi. org/ 10. 7551/ mitpr ess/ 97802 
62018 098. 001. 0001

Howarth, A., Smith, J. G., Perkins-Porras, L., & Ussher, M. (2019). 
Effects of brief mindfulness-based interventions on health-
related outcomes: A systematic review. Mindfulness, 10(10), 
1957–1968. https:// doi. org/ 10. 1007/ s12671- 019- 01163-1

Jedrczak, A., Toomey, M., & Clements, G. (1986). The TM-Sidhi 
programme, age, and brief tests of perceptual-motor speed and 
nonverbal intelligence. Journal of Clinical Psychology, 42(1), 
161–164. https:// doi. org/ 10. 1002/ 1097- 4679(198601) 42:1% 
3c161:: AID- JCLP2 27042 0127% 3e3.0. CO;2-W

Josefsson, T., Larsman, P., Broberg, A. G., & Lundh, L. G. (2011). 
Self-reported mindfulness mediates the relation between medi-
tation experience and psychological well-being. Mindfulness, 
2(1), 49–58. https:// doi. org/ 10. 1007/ s12671- 011- 0042-9

Justo, C. F., Mañas, I. M., & Ayala, E. S. (2014). Improving the 
graphic creativity levels of Latin American high school stu-
dents currently living in Spain by means of a mindfulness 
program. Procedia—Social and Behavioral Sciences, 132(14), 
229–234. https:// doi. org/ 10. 1016/j. sbspro. 2014. 04. 303

Justo, F. C. (2009). Reduction of the perception of stress in teaching 
students through the practice of flow meditation. Psychology 
Notes, 27(1), 99–109.

Kabat-Zinn, J. (1982). An outpatient program in behavioral medicine 
for chronic pain patients based on the practice of mindfulness 
meditation: Theoretical considerations and preliminary results. 
General Hospital Psychiatry, 4(1), 33–47. https:// doi. org/ 10. 
1016/ 0163- 8343(82) 90026-3

Kabat-Zinn, J. (1990). Full catastrophe living: Using the wisdom of 
your mind and body to face stress, pain, and illness. Delacorte.

Kabat-Zinn, J. (2003). Mindfulness-based interventions in context: 
Past, present, and future. Clinical Psychology: Science and 
Practice, 10(2), 144–156. https:// doi. org/ 10. 1093/ clipsy. bpg016

Keller, A. S., Leikauf, J. E., Holt-Gosselin, B., Staveland, B. R., & Wil-
liams, L. M. (2019). Paying attention to attention in depression. 
Translational Psychiatry, 9(1), 1–12. https:// doi. org/ 10. 1038/ 
s41398- 019- 0616-1

Keng, S. L., Smoski, M. J., & Robins, C. J. (2011). Effects of mind-
fulness on psychological health: A review of empirical studies. 
Clinical Psychology Review, 31(6), 1041–1056. https:// doi. org/ 
10. 1016/j. cpr. 2011. 04. 006

Khoury, B., Sharma, M., Rush, S. E., & Fournier, C. (2015). Mind-
fulness-based stress reduction for healthy individuals: A meta-
analysis. Journal of Psychosomatic Research, 78(6), 519–528. 
https:// doi. org/ 10. 1016/j. jpsyc hores. 2015. 03. 009

Kiken, L. G., Garland, E. L., Bluth, K., Palsson, O. S., & Gaylord, S. 
A. (2015). From a state to a trait: Trajectories of state mindful-
ness in meditation during intervention predict changes in trait 
mindfulness. Personality and Individual Differences, 81, 41–46. 
https:// doi. org/ 10. 1016/j. paid. 2014. 12. 044

Kim, J., & Shin, W. (2014). How to do random allocation (randomiza-
tion). Clinics in Orthopedic Surgery, 6(1), 103–109. https:// doi. 
org/ 10. 4055/ cios. 2014.6. 1. 103

Kounios, J., Frymiare, J. L., Bowden, E. M., Fleck, J. I., Subramaniam, 
K., Parrish, T. B., & Jung-Beeman, M. (2006). The prepared 
mind: neural activity prior to problem presentation predicts 
subsequent solution by sudden insight. Psychological Science, 
17(10), 882–890. https:// doi. org/ 10. 1111/j. 1467- 9280. 2006. 
01798.x

Kwak, S., Kim, S. Y., Bae, D., Hwang, W. J., Cho, K. I. K., Lim, K. O., 
Park, H. Y., Lee, T. Y., & Kwon, J. S. (2020). Enhanced atten-
tional network by short-term intensive meditation. Frontiers in 
Psychology, 10(3073), 1–12. https:// doi. org/ 10. 3389/ fpsyg. 2019. 
03073

Larson, M. J., Steffen, P. R., & Primosch, M. (2013). The impact of a 
brief mindfulness meditation intervention on cognitive control 
and error-related performance monitoring. Frontiers in Human 
Neuroscience, 7(308), 1–17. https:// doi. org/ 10. 3389/ fnhum. 2013. 
00308

Lebuda, I., Zabelina, D. L., & Karwowski, M. (2016). Mind full of 
ideas: A meta-analysis of the mindfulness–creativity link. Per-
sonality and Individual Differences, 93, 22–26. https:// doi. org/ 
10. 1016/j. paid. 2015. 09. 040

Lee, C. S., & Therriault, D. J. (2013). The cognitive underpinnings of 
creative thought: A latent variable analysis exploring the roles 
of intelligence and working memory in three creative thinking 
processes. Intelligence, 41(5), 306–320. https:// doi. org/ 10. 1016/j. 
intell. 2013. 04. 008

Leszczynski, M., Chaieb, L., Reber, T. P., Derner, M., Axmacher, N., 
& Fell, J. (2017). Mind wandering simultaneously prolongs reac-
tions and promotes creative incubation. Scientific Reports, 7(1), 
1–9. https:// doi. org/ 10. 1038/ s41598- 017- 10616-3

Li, J., Zhang, D., Liang, A., Liang, B., Wang, Z., Cai, Y., Gao, M., 
Gao, Z., Chang, S., Jiao, B., Huang, R., & Liu, M. (2017). High 
transition frequencies of dynamic functional connectivity states 
in the creative brain. Scientific Reports, 7(46072), 1–12. https:// 
doi. org/ 10. 1038/ srep4 6072

Li, Y., Yang, N., Zhang, Y., Xu, W., & Cai, L. (2021). The relation-
ship among trait mindfulness, attention, and working memory in 

https://doi.org/10.1001/jamainternmed.2013.13018
https://doi.org/10.1016/j.jpsychores.2008.02.001
https://doi.org/10.1016/j.jpsychores.2008.02.001
https://doi.org/10.1002/cl2.1230
https://doi.org/10.1002/sim.2380
https://doi.org/10.1016/j.apmr.2011.11.039
https://doi.org/10.1016/j.apmr.2011.11.039
https://doi.org/10.1080/09602010601082359
https://doi.org/10.1016/j.cognition.2017.05.039
https://doi.org/10.1016/j.cognition.2017.05.039
https://doi.org/10.1016/j.tsc.2020.100689
https://doi.org/10.1016/j.tsc.2020.100689
https://doi.org/10.1016/j.jpsychores.2010.12.006
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.7551/mitpress/9780262018098.001.0001
https://doi.org/10.7551/mitpress/9780262018098.001.0001
https://doi.org/10.1007/s12671-019-01163-1
https://doi.org/10.1002/1097-4679(198601)42:1%3c161::AID-JCLP2270420127%3e3.0.CO;2-W
https://doi.org/10.1002/1097-4679(198601)42:1%3c161::AID-JCLP2270420127%3e3.0.CO;2-W
https://doi.org/10.1007/s12671-011-0042-9
https://doi.org/10.1016/j.sbspro.2014.04.303
https://doi.org/10.1016/0163-8343(82)90026-3
https://doi.org/10.1016/0163-8343(82)90026-3
https://doi.org/10.1093/clipsy.bpg016
https://doi.org/10.1038/s41398-019-0616-1
https://doi.org/10.1038/s41398-019-0616-1
https://doi.org/10.1016/j.cpr.2011.04.006
https://doi.org/10.1016/j.cpr.2011.04.006
https://doi.org/10.1016/j.jpsychores.2015.03.009
https://doi.org/10.1016/j.paid.2014.12.044
https://doi.org/10.4055/cios.2014.6.1.103
https://doi.org/10.4055/cios.2014.6.1.103
https://doi.org/10.1111/j.1467-9280.2006.01798.x
https://doi.org/10.1111/j.1467-9280.2006.01798.x
https://doi.org/10.3389/fpsyg.2019.03073
https://doi.org/10.3389/fpsyg.2019.03073
https://doi.org/10.3389/fnhum.2013.00308
https://doi.org/10.3389/fnhum.2013.00308
https://doi.org/10.1016/j.paid.2015.09.040
https://doi.org/10.1016/j.paid.2015.09.040
https://doi.org/10.1016/j.intell.2013.04.008
https://doi.org/10.1016/j.intell.2013.04.008
https://doi.org/10.1038/s41598-017-10616-3
https://doi.org/10.1038/srep46072
https://doi.org/10.1038/srep46072


 Psychonomic Bulletin & Review

1 3

junior school students under different stressful situations. Fron-
tiers in Psychology, 12, 352–359. https:// doi. org/ 10. 3389/ fpsyg. 
2021. 558690

Lin, L., & Chu, H. (2018). Quantifying publication bias in meta-anal-
ysis. Biometrics, 74(3), 785–794. https:// doi. org/ 10. 1111/ biom. 
12817

Lindsay, E. K., Chin, B., Greco, C. M., Young, S., Brown, K. W., 
Wright, A. G. C., Smyth, J. M., Burkett, D., & Creswell, J. D. 
(2018). How mindfulness training promotes positive emotions: 
Dismantling acceptance skills training in two randomized con-
trolled trials. Journal of Personality and Social Psychology, 
115(6), 944–973. https:// doi. org/ 10. 1037/ pspa0 000134

Lipsey, M. W., Wilson, D. B. (2001). Practical meta-analysis. Applied 
Social Research Methods Series, 49.

Lueke, A., & Lueke, N. (2019). Mindfulness improves verbal learning 
and memory through enhanced encoding. Memory & Cognition, 
47(8), 1531–1545. https:// doi. org/ 10. 3758/ s13421- 019- 00947-z

MacCoon, D. G., Imel, Z. E., Rosenkranz, M. A., Sheftel, J. G., Weng, 
H. Y., Sullivan, J. C., Bonus, K. A., Stoney, C. M., Salomons, 
T. V., Davidson, R. J., & Lutz, A. (2012). The validation of an 
active control intervention for Mindfulness Based Stress Reduc-
tion (MBSR). Behaviour Research and Therapy, 50(1), 3–12. 
https:// doi. org/ 10. 1016/j. brat. 2011. 10. 011

MacGregor, J. N., Ormerod, T. C., & Chronicle, E. P. (2001). Informa-
tion processing and insight: A process model of performance 
on the nine-dot and related problems. Journal of Experimental 
Psychology: Learning Memory and Cognition, 27(1), 176–201. 
https:// doi. org/ 10. 1037/ 0278- 7393. 27.1. 176

Malinowski, P. (2013). Neural mechanisms of attentional control in 
mindfulness meditation. Frontiers in Neuroscience, 7(8), 8–13. 
https:// doi. org/ 10. 3389/ fnins. 2013. 00008

Marsh, J. E., Threadgold, E., Barker, M. E., Litchfield, D., Degno, 
F., & Ball, L. J. (2021). The susceptibility of compound remote 
associate problems to disruption by irrelevant sound: A Window 
onto the component processes underpinning creative cognition? 
Journal of Cognitive Psychology, 33(6/7), 793–822. https:// doi. 
org/ 10. 1080/ 20445 911. 2021. 19002 01

Masicampo, E. J., & Baumeister, R. F. (2007). Relating mindfulness 
and self-regulatory processes. Psychological Inquiry, 18(4), 
255–258. https:// doi. org/ 10. 1080/ 10478 40070 15983 63

Matko, K., & Sedlmeier, P. (2019). What is meditation? Proposing an 
empirically derived classification system. Frontiers in Psychol-
ogy, 10(2276), 1–14. https:// doi. org/ 10. 3389/ fpsyg. 2019. 02276

McCarney, R., Warner, J., Iliffe, S., van Haselen, R., Griffin, M., & 
Fisher, P. (2007). The Hawthorne effect: A randomised, con-
trolled trial. BMC Medical Research Methodology, 7(30), 1–8. 
https:// doi. org/ 10. 1186/ 1471- 2288-7- 30

Mrazek, M. D., Franklin, M. S., Phillips, D. T., Baird, B., & Schooler, 
J. W. (2013). Mindfulness training improves working memory 
capacity and GRE performance while reducing mind wandering. 
Psychological Science, 24(5), 776–781. https:// doi. org/ 10. 1177/ 
09567 97612 459659

Mednick, S. A., & Mednick, M. T. (1967). Remote Associates Test: 
College and adult forms 1 and 2 [Examiner’s manual]. Houghton 
Mifflin.

Mednick, S. (1962). The associative basis of the creative process. 
Psychological Review, 69(3), 220–232. https:// doi. org/ 10. 1037/ 
h0048 850

Mooneyham, B. W., & Schooler, J. W. (2013). The costs and benefits 
of mind-wandering: A review. Canadian Journal of Experimen-
tal Psychology, 67(1), 11–18. https:// doi. org/ 10. 1037/ a0031 569

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & PRISMA Group 
(2009). Preferred reporting items for systematic reviews and 
meta-analyses: The PRISMA statement. PLoS Medicine, 6(7), 
1–6. https:// doi. org/ 10. 1371/ journ al. pmed. 10000 97

Mrazek, M. D., Smallwood, J., & Schooler, J. W. (2012). Mindfulness 
and mind-wandering: Finding convergence through opposing 
constructs. Emotion, 12(3), 442–448. https:// doi. org/ 10. 1037/ 
a0026 678

Müller, B. C. N., Gerasimova, A., & Ritter, S. M. (2016). Concentra-
tive meditation influences creativity by increasing cognitive flex-
ibility. Psychology of Aesthetics, Creativity, and the Arts, 10(3), 
278–286. https:// doi. org/ 10. 1037/ a0040 335

Noone, C., & Hogan, M. J. (2018). A randomised active-controlled trial 
to examine the effects of an online mindfulness intervention on 
executive control, critical thinking and key thinking dispositions 
in a university student sample. BMC Psychology, 6(13), 1–18. 
https:// doi. org/ 10. 1186/ s40359- 018- 0226-3

Norris, C. J., Creem, D., Hendler, R., & Kober, H. (2018). Brief mind-
fulness meditation improves attention in novices: Evidence from 
ERPs and moderation by neuroticism. Frontiers in Human Neu-
roscience, 12(315), 1–20. https:// doi. org/ 10. 3389/ fnhum. 2018. 
00315

Oberauer, K. (2019). Working memory and attention: A conceptual 
analysis and review. Journal of Cognition, 2(1), 36, 1–13. https:// 
doi. org/ 10. 5334/ joc. 58

Öllinger, M., Jones, G., & Knoblich, G. (2014). The dynamics of 
search, impasse, and representational change provide a coher-
ent explanation of difficulty in the nine-dot problem. Psycho-
logical Research, 78(1), 266–275. https:// doi. org/ 10. 1007/ 
s00426- 013- 0494-8

Ormerod, T. C., MacGregor, J. N., & Chronicle, E. P. (2002). Dynamics 
and constraints in insight problem-solving. Journal of Experi-
mental Psychology: Learning Memory and Cognition, 28(4), 
791–799. https:// doi. org/ 10. 1037/ 0278- 7393. 28.4. 791

Ormerod, T. C., MacGregor, J. N., Chronicle, E. P., Dewald A. D., & 
Chu, Y. (2013). Act first, think later: The presence and absence 
of inferential planning in problem solving. Memory and Cogni-
tion,  41, 1096–1108. https:// doi. org/ 10. 3758/ s13421- 013- 0318-5

Ostafin, B. D., & Kassman, K. T. (2012). Stepping out of history: 
Mindfulness improves insight problem-solving. Consciousness 
and Cognition, 21(2), 1031–1036. https:// doi. org/ 10. 1016/j. con-
cog. 2012. 02. 014

Ovosi, J. O., Ibrahim, M. S., & Bello-Ovosi, B. O. (2017). Randomized 
controlled trials: Ethical and scientific issues in the choice of 
placebo or active control. Annuals of African Medicine, 16(3), 
97–100. https:// doi. org/ 10. 4103/ aam. aam_ 211_ 16

Park, T., Reilly-Spong, M., & Gross, C. R. (2013). Mindfulness: A 
systematic review of instruments to measure an emergent patient-
reported outcome. Quality of Life Research, 22(10), 2639–2659. 
https:// doi. org/ 10. 1007/ s11136- 013- 0395-8

Payne, S. J., & Duggan, G. B. (2011). Giving up problem-solving. 
Memory & Cognition, 39(5), 902–913. https:// doi. org/ 10. 3758/ 
s13421- 010- 0068-6

Plucker, J. A. (1999). Is the proof in the pudding? Reanalyses of Tor-
rance’s (1958 to present) longitudinal data. Creativity Research 
Journal, 12(2), 103–114. https:// doi. org/ 10. 1207/ s1532 6934c 
rj1202_3

Plucker, J. A., Beghetto, R. A., & Dow, G. T. (2004). Why isn’t crea-
tivity more important to educational psychologists? Potentials, 
pitfalls, and future directions in creativity research. Educational 
Psychologist, 39(2), 83–96. https:// doi. org/ 10. 1207/ s1532 6985e 
p3902_1

Poure, P., (2016). The impact of mindfulness meditation on students’ 
creativity [Honor’s thesis, Butler University]. Undergraduate 
Honors Thesis Collection, 349. https:// digit alcom mons. butler. 
edu/ ugthe ses/ 349

Preiss, D. D., & Cosmelli, D. (2017). Mind wandering, creative writ-
ing, and the self. In M. Karwowski & J. C. Kaufman (Eds.), 
The creative self: Effect of beliefs, self-efficacy, mindset, and 

https://doi.org/10.3389/fpsyg.2021.558690
https://doi.org/10.3389/fpsyg.2021.558690
https://doi.org/10.1111/biom.12817
https://doi.org/10.1111/biom.12817
https://doi.org/10.1037/pspa0000134
https://doi.org/10.3758/s13421-019-00947-z
https://doi.org/10.1016/j.brat.2011.10.011
https://doi.org/10.1037/0278-7393.27.1.176
https://doi.org/10.3389/fnins.2013.00008
https://doi.org/10.1080/20445911.2021.1900201
https://doi.org/10.1080/20445911.2021.1900201
https://doi.org/10.1080/10478400701598363
https://doi.org/10.3389/fpsyg.2019.02276
https://doi.org/10.1186/1471-2288-7-30
https://doi.org/10.1177/0956797612459659
https://doi.org/10.1177/0956797612459659
https://doi.org/10.1037/h0048850
https://doi.org/10.1037/h0048850
https://doi.org/10.1037/a0031569
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1037/a0026678
https://doi.org/10.1037/a0026678
https://doi.org/10.1037/a0040335
https://doi.org/10.1186/s40359-018-0226-3
https://doi.org/10.3389/fnhum.2018.00315
https://doi.org/10.3389/fnhum.2018.00315
https://doi.org/10.5334/joc.58
https://doi.org/10.5334/joc.58
https://doi.org/10.1007/s00426-013-0494-8
https://doi.org/10.1007/s00426-013-0494-8
https://doi.org/10.1037/0278-7393.28.4.791
https://doi.org/10.3758/s13421-013-0318-5
https://doi.org/10.1016/j.concog.2012.02.014
https://doi.org/10.1016/j.concog.2012.02.014
https://doi.org/10.4103/aam.aam_211_16
https://doi.org/10.1007/s11136-013-0395-8
https://doi.org/10.3758/s13421-010-0068-6
https://doi.org/10.3758/s13421-010-0068-6
https://doi.org/10.1207/s15326934crj1202_3
https://doi.org/10.1207/s15326934crj1202_3
https://doi.org/10.1207/s15326985ep3902_1
https://doi.org/10.1207/s15326985ep3902_1
https://digitalcommons.butler.edu/ugtheses/349
https://digitalcommons.butler.edu/ugtheses/349


Psychonomic Bulletin & Review 

1 3

identity (pp. 301–313). Academic. https:// doi. org/ 10. 1016/ 
B978-0- 12- 809790- 8. 00017-0

Rahl, H. A., Lindsay, E. K., Pacilio, L. E., Brown, K. W., & David 
Creswell, J. (2017). Brief mindfulness meditation training 
reduces mind wandering: The critical role of acceptance. Emo-
tion, 17(2), 224–230. https:// doi. org/ 10. 1037/ emo00 00250

Remmers, C., Topolinski, S., Dietrich, D. E., & Michalak, J. (2015). 
Impaired intuition in patients with major depressive disor-
der. British Journal of Clinical Psychology, 54(2), 200–213. 
https:// doi. org/ 10. 1111/ bjc. 12069

Ren, J., Huang, Z. H., Luo, J., Wei, G. X., Ying, X. P., Ding, Z. G., 
Wu, Y. B., & Luo, F. (2011). Meditation promotes insight-
ful problem-solving by keeping people in a mindful and alert 
conscious state. Science China Life Sciences, 54(10), 961–965. 
https:// doi. org/ 10. 1007/ s11427- 011- 4233-3

Ribeiro, J. D., Franklin, J. C., Fox, K. R., Bentley, K. H., Kleiman, 
E. M., Chang, B. P., & Nock, M. K. (2016). Self-injurious 
thoughts and behaviors as risk factors for future suicide idea-
tion, attempts, and death: A meta-analysis of longitudinal stud-
ies. Psychological Medicine, 46(2), 225–236. https:// doi. org/ 
10. 1017/ S0033 29171 50018 04

Roberts, R. P., & Addis, D. R. (2018). A common mode of process-
ing governing divergent thinking and future imagination. In 
R. E. Jung & O. Vartanian (Eds.), The Cambridge handbook 
of the neuroscience of creativity (pp. 221–230). Cambridge 
University Press. https:// doi. org/ 10. 1017/ 97813 16556 238. 013

Roberts, B. W., Lejuez, C., Krueger, R. F., Richards, J. M., & Hill, 
P. L. (2014). What is conscientiousness and how can it be 
assessed? Developmental Psychology, 50(5), 1315–1330. 
https:// doi. org/ 10. 1037/ a0031 109

Rominger, C., Papousek, I., Perchtold, C. M., Benedek, M., Weiss, 
E. M., Weber, B., Schwerdtfeger, A. R., Eglmaier, M. T. W., & 
Fink, A. (2020). Functional coupling of brain networks during 
creative idea generation and elaboration in the figural domain. 
NeuroImage, 207(116395), 1–7. https:// doi. org/ 10. 1016/j. 
neuro image. 2019. 116395

Rothstein, H. R., Sutton, A. J., & Borenstein, M. (2006). Publication 
bias in meta-analysis. In H. R. Rothstein, A. J. Sutton, & M. 
Borenstein (Eds.), Publication bias in meta-analysis: Preven-
tion, assessment and adjustments (pp. 1–7). Wiley. https:// doi. 
org/ 10. 1002/ 04708 70168. ch1

Rosenkranz, M. A., Dunne, J. D., & Davidson, R. J. (2019). The next 
generation of mindfulness-based intervention research: What 
have we learned and where are we headed? Current Opinion 
in Psychology, 28, 179–183. https:// doi. org/ 10. 1016/j. copsyc. 
2018. 12. 022

Runco, M. A. (2012). Divergent thinking, creativity, and ideation. 
In J. C. Kaufman & R. J. Sternberg (Eds.), The Cambridge 
handbook of creativity (pp. 413–446). Cambridge University 
Press. https:// doi. org/ 10. 1017/ cbo97 80511 763205. 026

Runco, M. A., & Jaeger, G. J. (2012). The standard definition of 
creativity. Creativity Research Journal, 24(1), 92–96. https:// 
doi. org/ 10. 1080/ 10400 419. 2012. 650092

Ruocco, A. C., & Direkoglu, E. (2013). Delineating the contributions 
of sustained attention and working memory to individual differ-
ences in mindfulness. Personality and Individual Differences, 
54(2), 226–230. https:// doi. org/ 10. 1016/j. paid. 2012. 08. 037

Salvi, C., Beeman, M., Bikson, M., McKinley, R., & Grafman, J. 
(2020). TDCS to the right anterior temporal lobe facilitates 
insight problem-solving. Scientific Reports, 10, Article 946. 
https:// doi. org/ 10. 1038/ s41598- 020- 57724-1

Schmertz, S. K., Anderson, P. L., & Robins, D. L. (2009). The rela-
tion between self-report mindfulness and performance on 
tasks of sustained attention. Journal of Psychopathology and 
Behavioral Assessment, 31(1), 60–66. https:// doi. org/ 10. 1007/ 
s10862- 008- 9086-0

Schöne, B., Gruber, T., Graetz, S., Bernhof, M., & Malinowski, P. 
(2018). Mindful breath awareness meditation facilitates effi-
ciency gains in brain networks: A steady-state visually evoked 
potentials study. Scientific Reports, 8, Article 13687. https:// doi. 
org/ 10. 1038/ s41598- 018- 32046-5

Schooler, J. W., Ohlsson, S., & Brooks, K. (1993). Thoughts beyond 
words: When language overshadows insight. Journal of Experi-
mental Psychology: General, 122(2), 166–183. https:// doi. org/ 
10. 1037/ 0096- 3445. 122.2. 166

Shapiro, S. L., Carlson, L. E., Astin, J. A., & Freedman, B. (2006). 
Mechanisms of mindfulness. Journal of Clinical Psychology, 
62(3), 373–386. https:// doi. org/ 10. 1002/ jclp. 20237

Shapiro, S. L., Jazaieri, H., & Goldin, P. R. (2012). Mindfulness-based 
stress reduction effects on moral reasoning and decision making. 
Journal of Positive Psychology, 7(6), 504–515. https:// doi. org/ 
10. 1080/ 17439 760. 2012. 723732

Shen, W., Hommel, B., Yuan, Y., Chang, L., & Zhang, W. (2018). Risk-
taking and creativity: Convergent, but not divergent thinking is 
better in low-risk takers. Creativity Research Journal, 30(2), 
224–231. https:// doi. org/ 10. 1080/ 10400 419. 2018. 14468 52

Simonton, D. K. (2017). Big-C versus little-c creativity: Definitions, 
implications, and inherent educational contradictions. In R. 
Beghetto & B. Sriraman (Eds.), Creative contradictions in edu-
cation: Creativity theory and action in education (Vol. 1, pp. 
3–19). Springer. https:// doi. org/ 10. 1007/ 978-3- 319- 21924-0_1

Simonton, D. K. (2018). Defining creativity: Don’t we also need to 
define what is not creative? The Journal of Creative Behavior, 
52(1), 80–90. https:// doi. org/ 10. 1002/ jocb. 137

Sio, U. N., & Ormerod, T. C. (2009). Does incubation enhance prob-
lem-solving? A meta-analytic review. Psychological Bulletin, 
135(1), 94–120. https:// doi. org/ 10. 1037/ a0014 212

Smallwood, J., & Schooler, J. W. (2006). The restless mind. Psycho-
logical Bulletin, 132(6), 946–958. https:// doi. org/ 10. 1037/ 0033- 
2909. 132.6. 946

Smith, S. M., & Ward, T. B. (2012). Cognition and the creation of 
ideas. In K. J. Holyoak & R. G. Morrison (Eds.), The Oxford 
handbook of thinking and reasoning (pp. 456–474). Oxford Uni-
versity Press. https:// doi. org/ 10. 1093/ oxfor dhb/ 97801 99734 689. 
013. 0023

Sobel, K. V., Gerrie, M. P., Poole, B. J., & Kane, M. J. (2007). Individ-
ual differences in working memory capacity and visual search: 
The roles of top-down and bottom-up processing. Psychonomic 
Bulletin & Review, 14(5), 840–845. https:// doi. org/ 10. 3758/ 
bf031 94109

Sowden, P. T., Pringle, A., & Gabora, L. (2015). The shifting sands of 
creative thinking: Connections to dual-process theory. Thinking 
and Reasoning, 21(1), 40–60. https:// doi. org/ 10. 1080/ 13546 783. 
2014. 885464

Stock-Homburg, R. M., Heald, S. L., Holthaus, C., Gillert, N. L., & von 
Hippel, E. (2021). Need-solution pair recognition by household 
sector individuals: Evidence, and a cognitive mechanism expla-
nation. Research Policy, 50(8), 104068, 1–17 https:// doi. org/ 10. 
1016/j. respol. 2020. 104068

Stuyck, H., Cleeremans, A., & Van den Bussche, E. (2022). Aha! Under 
pressure: The Aha! experience is not constrained by cognitive 
load. Cognition, 219(7), 104946, 1–15. https:// doi. org/ 10. 1016/j. 
cogni tion. 2021. 104946

Takeuchi, H., Taki, Y., Matsudaira, I., Ikeda, S., Kelssy, K. H., Nouchi, 
R., Sakaki, K., Nakagawa, S., Nozawa, T., Yokota, S., Araki, 
T., Hanawa, S., Ishibashi, R., Yamazaki, S., & Kawashima, R. 
(2020). Convergent creative thinking performance is associated 
with white matter structures: Evidence from a large sample study. 
NeuroImage, 210(116577), 1–9. https:// doi. org/ 10. 1016/j. neuro 
image. 2020. 116577

Tang, Y. Y., Yang, L., Leve, L. D., & Harold, G. T. (2012). Improving 
executive function and its neurobiological mechanisms through 

https://doi.org/10.1016/B978-0-12-809790-8.00017-0
https://doi.org/10.1016/B978-0-12-809790-8.00017-0
https://doi.org/10.1037/emo0000250
https://doi.org/10.1111/bjc.12069
https://doi.org/10.1007/s11427-011-4233-3
https://doi.org/10.1017/S0033291715001804
https://doi.org/10.1017/S0033291715001804
https://doi.org/10.1017/9781316556238.013
https://doi.org/10.1037/a0031109
https://doi.org/10.1016/j.neuroimage.2019.116395
https://doi.org/10.1016/j.neuroimage.2019.116395
https://doi.org/10.1002/0470870168.ch1
https://doi.org/10.1002/0470870168.ch1
https://doi.org/10.1016/j.copsyc.2018.12.022
https://doi.org/10.1016/j.copsyc.2018.12.022
https://doi.org/10.1017/cbo9780511763205.026
https://doi.org/10.1080/10400419.2012.650092
https://doi.org/10.1080/10400419.2012.650092
https://doi.org/10.1016/j.paid.2012.08.037
https://doi.org/10.1038/s41598-020-57724-1
https://doi.org/10.1007/s10862-008-9086-0
https://doi.org/10.1007/s10862-008-9086-0
https://doi.org/10.1038/s41598-018-32046-5
https://doi.org/10.1038/s41598-018-32046-5
https://doi.org/10.1037/0096-3445.122.2.166
https://doi.org/10.1037/0096-3445.122.2.166
https://doi.org/10.1002/jclp.20237
https://doi.org/10.1080/17439760.2012.723732
https://doi.org/10.1080/17439760.2012.723732
https://doi.org/10.1080/10400419.2018.1446852
https://doi.org/10.1007/978-3-319-21924-0_1
https://doi.org/10.1002/jocb.137
https://doi.org/10.1037/a0014212
https://doi.org/10.1037/0033-2909.132.6.946
https://doi.org/10.1037/0033-2909.132.6.946
https://doi.org/10.1093/oxfordhb/9780199734689.013.0023
https://doi.org/10.1093/oxfordhb/9780199734689.013.0023
https://doi.org/10.3758/bf03194109
https://doi.org/10.3758/bf03194109
https://doi.org/10.1080/13546783.2014.885464
https://doi.org/10.1080/13546783.2014.885464
https://doi.org/10.1016/j.respol.2020.104068
https://doi.org/10.1016/j.respol.2020.104068
https://doi.org/10.1016/j.cognition.2021.104946
https://doi.org/10.1016/j.cognition.2021.104946
https://doi.org/10.1016/j.neuroimage.2020.116577
https://doi.org/10.1016/j.neuroimage.2020.116577


 Psychonomic Bulletin & Review

1 3

a mindfulness-based intervention: Advances within the field 
of developmental neuroscience. Child Development Perspec-
tives, 6(4), 361–366. https:// doi. org/ 10. 1111/j. 1750- 8606. 2012. 
00250.x

Tang, Y. Y., Hölzel, B. K., & Posner, M. I. (2015). The neuroscience 
of mindfulness meditation. Nature Reviews Neuroscience, 16(4), 
213–225. https:// doi. org/ 10. 1038/ nrn39 16

Taren, A. A., Gianaros, P. J., Greco, C. M., Lindsay, E. K., Fairgrieve, 
A., Brown, K. W., Rosen, R. K., Ferris, J. L., Julson, E., Mars-
land, A. L., & Creswell, J. D. (2017). Mindfulness meditation 
training and executive control network resting state functional 
connectivity: A randomized controlled trial. Psychosomatic 
Medicine, 79(6), 674–683. https:// doi. org/ 10. 1097/ PSY. 00000 
00000 000466

Thompson, C., Quigley, E., & Taylor, A. (2021). The influence of a 
short-term mindfulness meditation intervention on emotion and 
visual attention. Journal of Cognitive Enhancement, 5(1), 78–82. 
https:// doi. org/ 10. 1007/ s41465- 020- 00174-4

Threadgold, E., Marsh, J. E., & Ball, L. J. (2018). Normative data for 
84 UK English rebus puzzles. Frontiers in Psychology, 9(2513), 
1–15. https:// doi. org/ 10. 3389/ fpsyg. 2018. 02513

Torrance, E. P. (1972). Can we teach children to think creatively? The 
Journal of Creative Behavior, 6(2), 114–143. https:// doi. org/ 10. 
1002/j. 2162- 6057. 1972. tb009 23.x

Torrance, E. P. (1984). The role of creativity in identification of the 
gifted and talented. Gifted Child Quarterly, 28(4), 153–156. 
https:// doi. org/ 10. 1177/ 00169 86284 02800 403

Van Stockum, C. A., & DeCaro, M. S. (2020). When working memory 
mechanisms compete: Predicting cognitive flexibility versus 
mental set. Cognition, 201(104313), 1–16. https:// doi. org/ 10. 
1016/j. cogni tion. 2020. 104313

Walsh, M. (2013). Mindfulness and creative performance: Effects of 
brief and sham mindfulness meditation on insight problem-solv-
ing. Undergraduate Honors Thesis, Dún Laoghaire Institute of 
Art, Design and Technology, Dún Laoghaire, Ireland.

Webb, M. E., Little, D. R., Cropper, S. J., & Roze, K. (2017). The 
contributions of convergent thinking, divergent thinking, and 
schizotypy to solving insight and noninsight problems. Think-
ing and Reasoning, 23(3), 1–24. https:// doi. org/ 10. 1080/ 13546 
783. 2017. 12951 05

Weisberg, R. W. (2015). Toward an integrated theory of insight 
in problem-solving. Thinking and Reasoning, 21(1), 5–39. 
https:// doi. org/ 10. 1080/ 13546 783. 2014. 886625

Weisberg, R. W. (2018). Response to Harrington on the definition 
of creativity. Creativity Research Journal, 30(4), 461–465. 
https:// doi. org/ 10. 1080/ 10400 419. 2018. 15373 86

Wimmer, L., Bellingrath, S., & von Stockhausen, L. (2020). Mind-
fulness training for improving attention regulation in university 
students: Is it effective? And do yoga and homework matter? 
Frontiers in Psychology, 11, 719. https:// doi. org/ 10. 3389/ fpsyg. 
2020. 00719

Wisniewski, E. J. (1997). When concepts combine. Psychonomic Bul-
letin and Review, 4(2), 167–183. https:// doi. org/ 10. 3758/ BF032 
09392

Wolkin, J. R. (2015). Cultivating multiple aspects of attention through 
mindfulness meditation accounts for psychological well-being 
through decreased rumination. Psychology Research and Behav-
ior Management, 8, 171–180. https:// doi. org/ 10. 2147/ PRBM. 
S31458

Xu, M., Purdon, C., Seli, P., & Smilek, D. (2017). Mindfulness and 
mind wandering: The protective effects of brief meditation in 
anxious individuals. Consciousness and Cognition, 51, 157–165. 
https:// doi. org/ 10. 1016/j. concog. 2017. 03. 009

Yamaoka, A., & Yukawa, S. (2020). Mind wandering in creative prob-
lem-solving: Relationships with divergent thinking and mental 
health. PLOS ONE, 15(4), Article e0231946, 1–11. https:// doi. 
org/ 10. 1371/ journ al. pone. 02319 46

Zedelius, C. M., & Schooler, J. W. (2015). Mind wandering “Ahas” 
versus mindful reasoning: Alternative routes to creative solu-
tions. Frontiers in Psychology, 6(834), 1–13. https:// doi. org/ 10. 
3389/ fpsyg. 2015. 00834

Zeng, L., Proctor, R. W., & Salvendy, G. (2011). Can traditional diver-
gent thinking tests be trusted in measuring and predicting real-
world creativity? Creativity Research Journal, 23(1), 24–37. 
https:// psycn et. apa. org/ doi/ 10. 1080/ 10400 419. 2011. 545713

Zhang, Z., Zhang, W., Wu, X., Tan, T., & Luo, J. (2019). Incubation 
optimizes the promoting effects of rewards on creativity. PsyCh 
Journal, 8(2), 271–272. https:// doi. org/ 10. 1002/ pchj. 251

Zabelina, D. L, Robinson, M. D., Ostafin, B. D., & Council, J. R. 
(2011). Manipulating mindfulness benefits creative elaboration at 
high levels of neuroticism. Empirical Studies of the Arts, 29(2), 
243–255. https:// doi. org/ 10. 2190/ EM. 29.2.g

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.
 
Open practices statement All meta-analytic data and research 
materials have been made publicly available at The Open Science 
Framework (https:// osf. io/ e9ums/? view_ only= 9d8da dd401 7e4a4 
c9b39 2539d da473 af). The review was not preregistered.

https://doi.org/10.1111/j.1750-8606.2012.00250.x
https://doi.org/10.1111/j.1750-8606.2012.00250.x
https://doi.org/10.1038/nrn3916
https://doi.org/10.1097/PSY.0000000000000466
https://doi.org/10.1097/PSY.0000000000000466
https://doi.org/10.1007/s41465-020-00174-4
https://doi.org/10.3389/fpsyg.2018.02513
https://doi.org/10.1002/j.2162-6057.1972.tb00923.x
https://doi.org/10.1002/j.2162-6057.1972.tb00923.x
https://doi.org/10.1177/001698628402800403
https://doi.org/10.1016/j.cognition.2020.104313
https://doi.org/10.1016/j.cognition.2020.104313
https://doi.org/10.1080/13546783.2017.1295105
https://doi.org/10.1080/13546783.2017.1295105
https://doi.org/10.1080/13546783.2014.886625
https://doi.org/10.1080/10400419.2018.1537386
https://doi.org/10.3389/fpsyg.2020.00719
https://doi.org/10.3389/fpsyg.2020.00719
https://doi.org/10.3758/BF03209392
https://doi.org/10.3758/BF03209392
https://doi.org/10.2147/PRBM.S31458
https://doi.org/10.2147/PRBM.S31458
https://doi.org/10.1016/j.concog.2017.03.009
https://doi.org/10.1371/journal.pone.0231946
https://doi.org/10.1371/journal.pone.0231946
https://doi.org/10.3389/fpsyg.2015.00834
https://doi.org/10.3389/fpsyg.2015.00834
https://psycnet.apa.org/doi/10.1080/10400419.2011.545713
https://doi.org/10.1002/pchj.251
https://doi.org/10.2190/EM.29.2.g
https://osf.io/e9ums/?view_only=9d8dadd4017e4a4c9b392539dda473af
https://osf.io/e9ums/?view_only=9d8dadd4017e4a4c9b392539dda473af

	A meta-analytical review of the impact of mindfulness on creativity: Framing current lines of research and defining moderator variables
	Abstract
	Theoretical perspectives on mindfulness
	Theoretical perspectives on creativity
	Theoretical perspectives on divergent thinking tasks
	Theoretical perspectives on convergent thinking tasks

	Theoretical underpinnings of the mindfulness–creativity link
	Mindfulness and divergent thinking tasks
	Mindfulness and convergent thinking tasks

	Empirical support for the mindfulness–creativity link
	Aims of the present meta-analytical review
	Overview of the meta-analyses
	Moderator 1: Type of control group
	Moderator 2: Convergent and divergent creative tasks
	Moderator 3: Mindfulness intervention length

	The meta-analyses
	Literature search strategy
	Transparency and openness
	Addressing publication bias
	Assessing publication bias in studies utilizing control groups
	Assessing publication bias in studies utilizing pretest–posttest designs

	Quality assessment of studies included in both meta-analyses
	Coding procedure
	Effect-size calculation
	Random effects model

	Meta-analysis of control group studies
	Overall description of the literature
	Preliminary analyses
	Results

	Meta-analysis of pretest–posttest studies
	Overall description of the literature
	Preliminary analyses
	Results

	Discussion
	Active versus no-treatment versus waiting-list control groups
	Convergent versus divergent thinking tasks
	Outcomes of short, medium and long mindfulness interventions
	Underpinning processes of the mindfulness–creativity link

	Review of the meta-analytic procedure
	Limitations of included studies
	Quality assessment
	Recommendations for future research

	Conclusion
	Anchor 44
	Author note 
	References


