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Creative problem-solving is a multifaceted human ability that drives progress and innovation in everyday life. Creative
problem-solving has become one of the most pressing and valuable skills; nevertheless, creativity scores have consistently declined
over recent decades, leading to a troubling deficit. This paper uses an interdisciplinary approach of psychology and neuroscience
to investigate how creative problem-solving skills can be enhanced. The purpose of this paper is to integrate psychological and
neuroscientific findings to identify actionable strategies for enhancing creative problem-solving in educational contexts and
everyday life. We found very few papers that synthesized psychological and neuroscientific approaches and aimed to address
this gap in the literature. Primarily, creative problem-solving can be amplified in two ways: a change in thought processes or a
change in the structure and functioning of the brain. We explore the conceptual frameworks of psychology to inform practical
interventions for the former, and we evaluate the neural networks of the brain to detail the latter. Central findings are that building
up specific cognitive skills, activating the subconscious, and recalibrating the brain through training have potent effects for
optimizing ingenuity. Creativity is an emerging field of study, and the paper utilizes recent advancements in brain-imaging studies
and ongoing research to suggest initiatives that foster creative problem-solving ability.
Research Question: By combining insights from psychology and neuroscience, what are the optimal individual and systematic
methods for enhancing creative problem-solving ability?
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Introduction

Society as we know it today could not exist without creativ-
ity. Creativity is the cutting edge of science that brings about
revolutionary ideas, life-saving inventions, and technological
breakthroughs. It is the facet of the brain that governs human
self-expression, inspiring elaborate artworks and masterpieces
of literature. For this paper we will be focusing on creative
problem-solving, or the ability to generate actionable creative
ideas that address specific issues. We chose to focus on cre-
ative problem-solving as a whole, rather than the related pro-
cess of innovation, because of the latter’s narrower focus of
developing ideas with tangible value in real-world markets or
contexts. There is a very practical and relevant need for all
forms of creative problem-solving in the twenty-first century.
Tackling urgent problems like global warming, social inequality,
refugee crises, and health issues requires an influx of new ideas.
Due to rapidly evolving technology and automation, conven-
tionally valued skill sets may be declining in relevance, and
the importance of equipping the next generation with creative
problem-solving ability cannot be overstated1,2. Moreover, cre-
ative problem-solving carries many practical benefits and is
linked to happiness. Creativity heightens empathy, provides an
emotional outlet, alleviates stress, and motivates individuals to
pursue their ambitions3–5.

Unfortunately, contemporary research has revealed that cre-
ativity scores have been significantly lower since the 1990s1,6. A
2011 study by Kyung Hee Kim analyzed test scores of 272,599
adolescents and adults, and found that the drop occurred across
many subtests, particularly among children in early elementary
school. For instance, from 1984 to 2008 scores of creative Elab-
oration among students in kindergarten to third grade dropped
by a large effect size (Cohen’s d = 1.23, p < .001) with simi-
larly substantial decreases for students in fourth to sixth grade
(d=1.03, p<.001), high schoolers (d=1.18, p < .001), and adults
(d = 1.54, p<.001). This alarming trend may be due to the pace
of the digital age and has clear negative implications for the
future6. In light of this, the purpose of this literature review
is to integrate findings from psychology and neuroscience to
identify actionable methods of how creative problem-solving
ability can be enhanced. Our objectives are to (a) reveal the
mechanisms that determine creative problem-solving ability, (b)
identify methods of enhancing creative problem-solving, and (c)
suggest applicable strategies in everyday life, education, and be-
yond. We begin by demystifying creative problem-solving and
breaking it down into distinct cognitive processes. We explore
how creative problem-solving transpires on a cognitive level and
then dive deeper to examine the three neural networks involved.
Throughout the paper, we synthesize these perspectives to pro-
vide actionable methods of improving creative problem-solving
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based on recent research.

Methods

Search Strategy and Databases

Literature on the psychology and neuroscience of creative
problem-solving was primarily accessed using the PsycINFO,
PubMed, and Google Scholar databases. We prioritized the
PsycINFO database because of its strong psychology focus and
wealth of high-quality, peer-reviewed content. Additionally,
the PubMed database was used to identify studies with a more
neuroscientific basis, and Google Scholar was consulted due
to its comprehensive nature covering both psychology and neu-
roscience. We conducted a systematic search using relevant
keywords including ”psychological frameworks,” ”creative pro-
cess,” ”neural mechanisms,” and “brain networks.” For each
search term we filtered the order of the results page based on
(a) relevance, (b) number of citations, and (c) recency. Once we
had identified the foundational concepts, we used more specific
search terms to investigate niche topics such as memory’s role
in creative problem-solving.

Inclusion and Exclusion Criteria

We referred to seminal works but mainly utilized papers from
the last ten years to maximize relevance. Additionally, whenever
it was practical we included newer articles from within the past
two years to ensure the information reflected ongoing findings.
We considered a journal’s impact factor and the number of times
a paper was cited as one way to assess a paper’s relevance. How-
ever, we also accounted for the fact that newly published or niche
articles with few citations could also be valuable. We included
meta-analyses, systematic reviews, and original studies based on
their pertinence to the central theme of psychological concepts
and neural mechanisms behind creative problem-solving. We
primarily included quantitative studies that relied on cognitive
assessments of creativity or neuroimaging for statistical anal-
ysis. Additionally, specific studies that illustrated more niche
concepts were included, as well as studies that provided context
for topics discussed, such as well-being and cognitive efficiency,
even if the sole focus was not creativity. During the initial round,
the abstracts and methodology of papers were carefully read
through, and papers without robust methodology supporting
their conclusions were excluded. Articles that did not have a
strong psychological or neuroscientific basis or were too theo-
retical for this real-world applicable context were also excluded
from the review.

Furthermore, specific characteristics related to the partici-
pants in the studies were considered. We examined variables
such as age range, cognitive health, and IQ, where available.
To make the strategies of enhancing creative problem-solving

relevant to our audience, we included papers that studied ado-
lescents and adults, and that reported average or above-average
IQ and typical cognitive health (lack of mental disorders). Age
range may influence creative problem-solving ability, with chil-
dren showing more cognitive flexibility but adults possessing
superior reasoning and depth of knowledge6,7. However, it
is reasonable to assume that strategies that enhance creative
problem-solving for one age group are likely to carry some
relevance to other ages as well, and throughout the paper age
range is reported alongside findings. Few studies reported socio-
economic status. These factors were taken into account to ensure
a well-rounded understanding of how different variables influ-
ence creative problem-solving ability.

Discussion

1. Psychological Frameworks

1a. Basic Cognitive Processes
The first step to enhancing creative problem-solving ability is

to demystify creativity and its related frameworks. Creativity, or
the production of new, original, and viable ideas, is a complex
cognitive process rooted in the synthesis of prior knowledge8,9.
The power of creativity lies in the ability to adapt existing ideas
and emerge with groundbreaking ways of thinking10. During
creative problem-solving, the brain connects a wide range of
prior knowledge to the problem at hand, finding unique ways
to combine concepts. From this synthesis of material, a novel
idea is formed8. Creative problem-solving can be broken down
and defined in terms of four dimensions—originality, flexibility,
fluency, and elaboration—that were first identified by Psychol-
ogist J.P. Guilford11. By understanding the interplay of these
four dimensions we can target specific skills in each domain to
enhance overall creative problem-solving ability.

Building on these dimensions, divergent and convergent think-
ing are the major psychological processes that work in con-
junction to enable the production and revision of creative so-
lutions11,12. Divergent thinking is the rapid brainstorming of
ideas without critique or analysis, and during creative problem-
solving, generates an array of solutions that range from the
feasible to the far-fetched. For instance, a team tasked with
designing advertisements may suggest celebrity endorsements,
along with unconventional ideas like using drones or deliver-
ing real-time samples. Convergent thinking, on the other hand,
is a more analytical approach that involves narrowing down
options until an effective solution is reached11,12. During this
stage, the advertisement ideas would be evaluated based on
costs, practicality, and impact. To solve problems, divergent
thinking is vital in producing a list of expansive possibilities,
but only through convergent thinking can the ideas be refined
for real-world effectiveness9,12.

The distinct measures of divergent and convergent think-
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ing are the backbone of creative problem-solving and allow
researchers to quantify creative problem-solving ability and as-
sess the effectiveness of various enhancement techniques. The
Remote Associates Test (RAT) is commonly used to measure
convergent thinking, which is crucial to identifying viable solu-
tions during the creative problem-solving process. The Remote
Associates Test requires participants to come up with their own
word that logically connects to a list of three words presented3.
For instance, if given the words “opera,” “hand,” and “dish,”
the correct answer linking these ideas would be “soap.” The
Torrance Tests of Creative Thinking (TTCT), on the other hand,
measure divergent thinking and involve tasks such as inferring
cause-and-effect in scenarios and filling in incomplete draw-
ings13. The TTCT are a valuable indicator of a person’s ability
to brainstorm out-of-the-box solutions to a problem. A study by
Jonathon Plucker tracked the career accomplishments of over
200 elementary school children and revealed through statistical
modeling that the TTCT are over three times superior at indi-
cating creative potential than IQ scores from childhood14. This
proposed model of childhood TTCT scores accounted for nearly
50% of the spread of future creative achievement (p < .01), with
a Tucker-Lewis Index of 0.91, indicating a good model fit. It
should be noted, however, that the participants possessed above-
average intelligence (mean = 121, SD=16), which may limit the
generalizability of these findings to the larger population. A
similar test that also measures divergent thinking is the Alter-
native Uses Test, in which participants are asked to brainstorm
unconventional ways that an object could be used15. Many
real-world problem-solving scenarios involve creative tasks of
this nature—the astronauts of the disastrous Apollo 13 mission,
whilst stranded in space, had to think of unique ways to combine
cardstock, duct tape, a plastic bag, and a spacesuit hose to create
a makeshift carbon-dioxide filter16. These psychological tests
encompass and define the fundamental processes of creative
problem-solving and are invaluable in tracking improvements in
creative problem-solving ability.
1b. Training Cognitive Skills

Like many cognitive skills, the four dimensions of creative
problem-solving (Originality, Flexibility, Fluency, and Elabora-
tion) and convergent and divergent thinking can be fine-tuned
through deliberate practice17,18. Regarding the four dimensions
of creative problem-solving, adopting personality and mindset
traits that increase each one of these subscales is critical to in-
creasing creative problem-solving as a whole18. In everyday
life, Originality can be fostered through seeking out diverse
life experiences —traveling, meeting new people, participat-
ing in new clubs or activities—and is tied to personal convic-
tion, open-mindedness, and nonconformity10,15,18,19. Creative
problem-solving involves combining interdisciplinary knowl-
edge in unique ways, and being inquisitive about diverse topics,
through activities like reading, gives the brain a wider breadth
of possibilities from which to derive solutions20,21. Regard-

ing the dimension of Flexibility, a 2024 study by Mishra &
Singh conducted a cross-sectional survey of 635 young adults
(mean age = 19.2 years, SD = 1.49), and found that greater cog-
nitive flexibility and emotional intelligence led to heightened
entrepreneurship18,22. As such, Flexibility relies on being able
to employ multiple perspectives and navigate both challenging
intellectual and social situations. The dimension of Fluency
in divergent thinking23 can be built up through brainstorming
exercises, such as jotting down a question at the top of a page,
setting a timer, and scribbling down as many solutions to the
problem as possible18. Additionally, using mind maps to visu-
alize the expansive branching of ideas can aid with the prolific
production of creative solutions through divergent thinking18,24.
For instance, a problem such as ’Eliminate Food Waste’ would
occupy the center of the mind map, and diverse ideas like ‘start
public campaigns,’ ‘rethink expiration dates,’ and ‘reduce over-
production’ would spiral from the center. Fluency in convergent
thinking, which is needed to identify a viable solution, can
be practiced by creating prototypes and outlining the pros and
cons of ideas. For each proposed solution to eliminating food
waste, practice quickly visualizing a plan and how to adapt to
various time and budget constraints. Actually, carrying out cre-
ative solutions, Elaboration, is highly dependent on self-efficacy,
adaptability, and perseverance17,19. Creative problem-solving
is highly tied to intrinsic motivation, which can be enhanced
by setting clear goals and relating the problems at hand with a
larger purpose17,20,25. Children may possess greater cognitive
flexibility and divergent thinking skills, allowing them to benefit
from open-ended brainstorming exercises and developing new
personality traits26. Meanwhile, it may be difficult for adults to
adopt new personality and mindset traits, and structured exer-
cises and training programs may be more effective at altering
ingrained patterns of thought.

Relying on these personality traits and cognitive processes,
several programs have aimed to amplify creative problem-
solving ability among adults by teaching and ingraining these
skills. A 2023 meta-analysis by Haase et al. found that, among
adults, training courses spanning multiple weeks had a moder-
ately strong effect size on enhancing creative problem-solving
ability (g=0.66, 95% CI [0.53, 0.79], p<.0001)18. A 2023 study
by Gu et al. was, to our knowledge, the first study to employ
an online training program to see how creative problem-solving
skills could be developed27. They recruited 136 college students
(mean age = 20.7, SD = 2.83) to complete daily 10–15-minute
exercises such as coming up with inventions and solving word
association problems. Over the span of five weeks, the group
that completed this online creativity course displayed markedly
improved divergent thinking, producing a significantly greater
number of creative ideas on the final administration of the Al-
ternative Uses Test compared to the pretest (p<.001, η p2 =
0.10), and producing significantly more varied ideas (p < .001),
with a moderately large effect size (η p2 = 0.083). Thus, daily
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apps and online programs, which require less commitment than
in-person classes, may be a practical way to increase creative
problem-solving skills in many domains including Flexibility,
Fluency, and Originality.

Courses that take a different approach and simply educate
people about the cognitive and neurological basis of creative
problem-solving can also lead to real improvement18,28. For
instance, Denmark researchers Onarheim and Friis-Olivarius
developed an Applied NeuroCreativity (ANC) program to as-
sess how creativity could be taught among adults in their mid-
twenties (mean age = 26 years). Using the Alternative Uses Test,
the study found that instructing participants about the underlying
neuroscience of creativity and skills like divergent and conver-
gent thinking led adults’ creative problem-solving capacities to
increase by 28.5%, on average, over the span of eight weeks28.
Those in the Applied NeuroCreativity program showed signif-
icantly greater improvement in creative problem-solving (p =
0.0212, η2 = 0.5) than those in a control group after taking
varying baseline skill levels into account. Despite these promis-
ing results, training programs are not universally effective and
require a substantial investment of time and commitment that
may be feasible for adolescents but difficult for many adults’
busy lives. Moreover, the long-term effects of such interventions
across diverse populations warrant more investigation18. We
suggest that while children may have greater cognitive flexibil-
ity toward the new ways of thinking that these programs teach,
adults are more self-disciplined and able to comprehend the
cognitive processes involved in these trainings26.
1c. The Creative Process & The Subconscious

As demonstrated by these training programs, creative
problem-solving skills are often built up over time, and the
temporal dimension of creativity as a whole should not be over-
looked. While creative solutions often seem to arise sponta-
neously, the Creative Process provides a temporal framework for
dissecting the underlying processes at play. Understanding how
these four steps produce solutions enables us to exercise greater
control over when and how these ideas arise. The Creative
Process hypothesizes that problem-solving is achieved through
Preparation, Incubation, Illumination, and Verification stages in
which the subconscious mind plays a vital role29,30. The ancient
Greek mathematician Archimedes famously illustrated these
steps when the King asked him to solve the seemingly impos-
sible problem, for his time period, of assessing the purity of a
golden crown31. During Preparation, the brain analyzes the con-
text of the issue and gathers relevant information; in this case,
Archimedes had to examine the crown’s physical properties
like weight and recall his previous scientific knowledge. Next,
Archimedes stopped dwelling on the problem and took a bath,
initiating the Incubation phase in which the unanswered question
ruminates in the subconscious, which has superior processing
abilities25,30. To illustrate, each second the subconscious mind
can process an incredible 11 million bits of information, while

the conscious mind can only register about 40 bits32. Once the
subconscious uncovers an exciting solution, the turning point
of Illumination occurs and the brain suddenly becomes aware
of the idea, with rewarding chemicals being released in the
process15,30,33. While bathing, Archimedes suddenly realized
that he could measure the volume of the crown through wa-
ter displacement, to determine if the density was that of real
gold. Archimedes supposedly shouted “Eureka” to celebrate
his discovery; indeed, creative-problem solving epiphanies—or
“Eureka” moments—often occur at seemingly random times
such as while in the shower or in the middle of the night30,33.
The last phase of the creative process, Verification, involves the
evaluation and implementation of the solution3,29. To finish
off the creative process, Archimedes submerged the crown in
water to calculate its density and determined that the crown was
not, indeed, pure gold. Importantly, creative problem-solving
insights are the product of a psychological process and not as
spontaneous, and therefore not as unfathomable, as they may
initially seem.

Since the incubation phase plays the dominant role in dis-
covering these creative problem-solving insights, initiatives to
increase creative problem-solving should focus not only on the
conscious but also on the subconscious mind21,30,34. Activities
that relax the conscious mind and function as incubation phases
precipitate the emergence of new creative solutions21,30,34. One
such technique that exploits the Creative Process is the “Mac-
gyver Method,” in which individuals write down a question or
problem on a piece of paper and then engage in a low-energy ac-
tivity. After a few hours, the Macgyver Method entails revisiting
the piece of paper and putting the pencil to the page, based on
the premise that the incubation phase has formed ideas that will
soon materialize25. To enhance creative problem-solving, try to
incorporate powerful incubation periods like quality sleep, med-
itation, and exercise into daily routines18,30. Meditation boosts
working memory, enhances concentration, and reduces anxi-
ety of criticism, which are all valuable parameters of creative
problem-solving23,35,36. During open-monitoring meditation,
allowing thoughts to drift freely through the mind enables di-
vergent thinking and receptiveness towards seeing the problem
from other perspectives25,35. Indeed, a 2023 meta-analysis by
Haase et al. found that meditation was one of the most highly
effective creative problem-solving enhancement strategies for
adults (g=0.66, 95% CI [0.38, 0.94], p<.0001)18. Addition-
ally, time spent exercising—especially outdoors—is a valuable
incubation period that engages the subconscious to bring on
fresh solutions and inspiration15,37. Throughout everyday life,
implementing relaxing habits like reading or gardening that
are away from the distractions of high-stimulus environments
allows the subconscious to optimally function and enhance cre-
ative problem-solving ability30.
1d. Emotional Regulation

Expanding on this idea of relaxation and reflection fostering
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inspiration, emotional regulation is a viable strategy for enhanc-
ing creative problem-solving ability19,38. Emotions shape our
outlook on problems and release neurotransmitters that power-
fully affect cognition and behavior25. Positive emotions, such
as happiness, promote openness to new ideas and facilitate opti-
mal problem-solving by enhancing memory, concentration, and
motivation through neurochemicals like dopamine, oxytocin,
and serotonin4,25,38. On the other hand, irritable moods nar-
row thinking and hinder creativity; thus, the ability to regulate
these negative emotions and maintain optimism is crucial for
enhancing creative problem-solving4,39. A study by Karuna
Subramaniam found that people are more imaginative after
viewing comedic video clips, suggesting that a positive atti-
tude equates to less inhibition towards voicing risky or unique
ideas19,39. Additionally, Kudrowitz (2010) found that trained
comedians outperformed corporate project designers on creative
tasks, outputting up to 20% more ideas. The study demonstrated
that humor and liveliness are associated with creative problem-
solving, and suggested that improvisation classes and games,
which develop these attitudes, can teach ingenuity, leading to
observed improvements of about 37%40.

Despite mental illness sometimes being associated with a
state of creativity (as popularized through artists like Vincent
Van Gogh), mental and physical well-being is imperative3,5,19.
Creativity and well-being may interact through a mutually re-
inforcing relationship—that is, creative individuals are happier
and being happy can increase ingenuity5,19. Indeed, Conner et
al. (2016) analyzed 658 young adults (mean age = 19.8, SD =
1.7) and found that individuals who spent more time on creative
hobbies reported better states of mind through diary reports,
with a moderately positive correlation between Positive Affect
and Creativity of r= 0.347 (p<.001)4. Taking a break from the
problem at hand and participating in enjoyable activities such
as reading, drawing, or spending time with family is vital to
recharging creative problem-solving and avoiding burnout30.
Exercise is one of the best ways to foster inspiration because it
releases dopamine and alleviates stress25,37. Likewise, sleep is
highly beneficial for regulating emotions and also provides an
incubation period.
1e. Implications for Education and Workplaces

Along with promoting positive emotional regulation, sur-
rounding environments should implement social norms that
facilitate creative problem-solving ability, specifically in class-
room settings. Children’s school and home environments are
highly influential in fostering creative problem-solving tenden-
cies and initiatives that target the norms of these spaces can
encourage creative expression from a young age20,41. Environ-
ments that promote curiosity, risk-taking, and unconventional
thinking—such as by normalizing failure and providing uncondi-
tional support—are pivotal in providing safe spaces for creative
exploration20,41,42. Teachers play a pivotal role in such environ-
ments, and teachers should receive resources and training that

enable them to effectively teach creativity to students7. While
countries such as Britain and China have promoted programs
that actively teach creative problem-solving, American schools
seem reluctant or unable to adopt such measures1. In the class-
room, curriculum should carve out time for students to pursue
projects that investigate personal interests (such as Mars rovers)
or propose solutions for real-world issues (like ocean acidifi-
cation)17,20. Prompting students to constructively reflect on
work and entertain other perspectives, such as in literature or
healthy debate, also guides creative problem-solving17. Never-
theless, at its root creative problem-solving must be intrinsically
driven by the student, and these programs to enhance creative
problem-solving should prompt students’ curiosities but avoid
emphasizing external rewards20,41. A 2024 meta-analysis by
Zhang et al. was the first to assess aggregated literature on
how after-school programs affect creativity. They found that ex-
tracurricular programs, particularly those that allow students to
practice creativity in the arts and STEM, can improve creativity
even in timeframes less than a week. The researchers suggested
that schools should try to emulate the greater autonomy in learn-
ing and self-expression that after school programs provide and
recommended that initiatives begin at younger grades, where
they are most influential7. Specifically, the influence of after-
school programming on creativity had the largest effect size
among preschoolers (Hedges’ g = 1.033), followed by primary
school students (g=0.726) and students in secondary school
(g=0.578).

This trend of children growing older being linked to cre-
ative problem-solving declining—that many researchers, like
Zhang et al., have found—may be due to social norms that
value logic and realism over imaginative thought6,7,25. Due
to changing social norms as people age, creativity scores typ-
ically slump around fourth grade or middle school, an issue
which schools should remedy by taking initiatives to encour-
age imagination throughout the upper grade levels6,7. In both
classrooms and workplaces, establishing and posting shared
guidelines for flexibility, risk-taking, and collaboration can bol-
ster creative problem-solving, while a bureaucratic culture may
discourage people from voicing unconventional solutions17,42,43.
For instance, a 2022 study by Zhou et al. found that employ-
ees given more choices produced more creative ideas of higher
quality43. Essentially, educational and corporate policies to in-
crease creative problem-solving should promote an environment
conducive to trying new things, offer opportunities to pursue
interests, and promote a healthy exchange of ideas and collabo-
ration. Connecting back to previous ideas, these environments
should also instill innovative personality traits, teach problem-
solving techniques and exercises, allow for breaks that activate
the subconscious mind, and promote positive emotional regu-
lation. Some limitations are that these policies must balance
practical constraints like budget, time, and employee productiv-
ity quotas while still promoting creative problem-solving ability.
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Additionally, there is a lack of long-term studies that track how
these educational and workplace initiatives to increase creative
problem-solving play out. Across non-western cultures with dif-
ferent social norms, more research needs to be done to identify
the best classroom and workplace strategies.

2. Neuroscientific Mechanisms

2a. The Three Neural Networks
While psychological frameworks provide a lens into the cog-

nitive processes of creative problem-solving, neuroscience of-
fers insight into the brain’s underlying mechanisms that enable
these processes. The field of neuroscience allows us to take
psychology’s broad concepts of how creative problem-solving
surfaces and dive deeper to precisely examine what transpires in
the brain. Comparatively, the neuroscience of creative problem-
solving is a much more recent field and has only emerged in
the last two decades with the advent of advanced brain-imaging
techniques44. Much of creative problem-solving ability is depen-
dent on the wiring and functioning of the brain. Neuroplasticity
enables the brain to reshape itself via training; thus, creative
problem-solving can be increased by strengthening the brain
regions involved in creative thought45,46. Despite popular be-
lief that the right hemisphere of the brain is more imaginative
and artistic, creativity is not solely located in the right hemi-
sphere, nor is logic solely reliant on the left half. Instead, cre-
ative problem-solving involves the collaboration of multiple
networks and brain structures3. Particularly important to cre-
ative problem-solving are the Default Mode, Executive Control,
and Salience Networks47. A careful examination of these three
networks is instrumental to understanding the neural correlates
of creative problem-solving and strategies to engage these neural
functionalities. Each brain network consists of various struc-
tures, scattered throughout the brain, that work in conjunction
to achieve a certain purpose.

The primary network of creative problem-solving is the De-
fault Mode Network (DMN) which produces random and imag-
inative solutions44,47,48. The Default Mode Network controls
mind-wandering and daydreaming and operates whenever the
brain is not completely engaged with a task. This network allows
the brain to contemplate future outcomes and introspectively
reflect on the past—skills that are vital to problem-solving44,48.
The Default Mode Network consists of many structures such
as the posterior cingulate cortex, medial prefrontal cortex, pre-
cuneus, and angular gyrus41,44,48. Meanwhile, the Executive
Control Network (ECN) directs the brain’s center of focus to-
ward the problem at hand and processes new stimuli and infor-
mation about the issue. The anterior cingulate cortex (which
manages perception-reaction discrepancies) and the posterior
parietal cortex (responsible for sensory awareness) play a cru-
cial role in this network49,50. Additionally, the prefrontal cortex
and dorsolateral prefrontal cortex allow the Executive Control

Network to facilitate working memory and decision-making50.
Understanding these two brain networks and how they si-

multaneously activate to facilitate creative problem-solving is
critical to enhancing this ability47. The Default Mode and Ex-
ecutive Control Network are generally viewed as opposite in
function—one decentralizes attention, one highly focuses—with
only one of the two engaging at any given time15,47. However,
generating creative solutions requires these two networks to
work in tandem with the aid of a third network, the Salience
Network. The Salience Network observes the workings of the
Default Mode Network and informs the Executive Control Net-
work of any salient, or promising, creative solutions47,51. The
Salience Network includes the anterior cingulate cortex and an-
terior insula, which process external stimuli51. During creative
problem-solving, the mind is wandering and the Default Mode
Network is generating random ideas51. To illustrate, a software
developer trying to name a new retail app may produce a ran-
dom stream of ideas in their Default Mode Network: checkout,
shopping bags, garments, seams. At any point during this mind-
wandering state, a word like ‘seams’ may catch the attention
of the Salience Network, which activates whenever a creative
solution is conceived and prompts the Executive Control Net-
work to take notice of the idea. The Executive Control Network,
would, in turn, consciously craft the app name ‘Seamless Shop-
ping.’ In other words, the Salience Network allows the brain to
alternatively activate the Default Mode and Executive Control
Networks to subconsciously produce and consciously evaluate
new solutions47,51.
2b. Integration of Neural Networks with Psychology

This neuroscience behind creative problem-solving directly
parallels the psychological-level cognitive approaches and the
creative process. The functioning of the Default Mode Network
can be likened to the random and expansive brainstorming that
occurs during divergent thinking, while the Executive Control
Network mirrors the analytical, careful reasoning of convergent
thinking25,52. Creative problem-solving involves the interplay
of divergent thinking and convergent thinking to produce and
analyze solutions; at a neuroscientific level creative problem-
solving requires the production of ideas by the Default Mode
Network and the conscious evaluation by the Executive Control
Network52. Additionally, the Default Mode, Executive Control,
and Salience networks work together to enable the sequence
of the creative process through Preparation, Incubation, Illu-
mination, and Verification stages. After the Executive Control
Network intently focuses on the problem during Preparation,
the neuroscience of the Default Mode Network can be com-
pared to the Incubation phase of the creative process, as they
both rely on mind-wandering and daydreaming44,47,48. Once the
Default Mode Network contemplates ideas during Incubation,
the Salience Network identifies a promising idea, triggering the
Illumination phase of the creative process. After Illumination
occurs, the Salience Network passes along the idea to the Exec-
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utive Control Network which allows the critical evaluation of
the Verification phase to be carried out.

Researchers have also begun to pinpoint the specific neural
correlates of these psychological processes. A 2020 study by
Zhang et. al suggested that the process of insight, or Eureka
moments, is associated with activity in the left dorsolateral pre-
frontal cortex and the left inferior frontal gyrus along with the
superior temporal gyrus (part of the temporal lobe and mem-
ory)52. They also identified some specific brain structures that
facilitated divergent and convergent thinking. The left inferior
frontal gyrus, which has been associated with greater creative
Flexibility scores on the TTCT and is involved with speech and
cognitive control, is active during divergent thinking activities
like the Remote Associates Test. Meanwhile, the left dorsolat-
eral prefrontal cortex, part of the Executive Control Network and
responsible for executive functioning, is more associated with
convergent thinking52. Incubation periods and positive moods
facilitate creativity on a psychological level; indeed, lower levels
of the neurotransmitter norepinephrine, indicating relaxation,
are linked to greater communication between brain regions and
greater creative problem-solving53. Additionally, higher levels
of the neurotransmitters dopamine and oxytocin in the brain,
which contribute to positive emotional regulation, are associated
with greater creativity26. This release of feel-good neurotrans-
mitters is intertwined with the onset of feelings of happiness—in
many cases, the psychological and neuroscientific mechanisms
of creative problem-solving directly interact and reinforce one
another.
2c. Brain Function & Structure as a Predictor of Creative
Problem-Solving Ability

Using the three mapped-out neural networks of creativity,
brain-imaging technologies have enabled researchers to assess
how neural structures contribute to different levels of creative
problem-solving, with the aim of finding solutions to boost this
neural capacity. Fink et al. (2009) used EEG and fMRI scans to
examine the neural activity of 47 adult participants (mean age =
24.09 years, SD = 2.95 ) while performing various creative tasks
including Alternative Uses and Name Invention. They found
that greater creativity was linked to alpha brain wave synchro-
nization centered in areas like the prefrontal cortex, signaling
a conscious state of activity but not high alert41,54. As such,
creative problem-solving may involve the ability to take a step
back and grasp the broader context without becoming caught up
on details25. Learning how to concurrently maintain both the
strong focus of the Executive Control Network and the drifting
spontaneity of the Default Mode Network is a skill of highly cre-
ative individuals25,46,53. This relates back to how increasing the
dimension of cognitive Flexibility, or being able to employ mul-
tiple perspectives, is key to enhancing creative problem-solving.
Interestingly, Fink et al. found that the type of creative task par-
ticipants performed had a significant impact on alpha brain wave
activity (p < 0.01, η2 = 0.50), and significantly impacted the

area of the alpha wave synchronization (p < 0.01, η2 = 0.32),
with upper levels of the brain having more activity during Alter-
native Uses and Object Characteristics Tasks, and less activity
during Word Ends and Name Invention tasks. Relating back to
psychological processes, divergent thinking tasks are associated
with an increase in alpha wave synchronization, while conver-
gent thinking tasks are associated with a decrease52. Since the
location of brain activity differs depending on the nature of
the creative task, enhancing creative problem-solving ability
should involve practicing diverse tasks—and both divergent and
convergent thinking—to fully engage neural regions.

A similar study by Beaty et al. (2018) suggested that under-
lying brain structure may be closely tied to creative aptitude.
Using fMRI scans of 163 adult participants (mean age = 22.50
years, SD = 5.79), they discovered that individuals with greater
integration between the Default Mode, Executive Control, and
Salience Networks displayed greater creative problem-solving,
as measured through the Alternate Uses Test and an object char-
acteristics task51. Predicting creative problem-solving ability
depending on the connectivity of these neural networks was
demonstrated to be a valid model specifically among those with
high creative ability. They found a significant correlation of high
connectivity and high creative ability through internal validation
(r = 0.30, p =0.000129) and three external validation tests (r =
0.35, p = 0.03; r = 0.28, p = 0.03; r = 0.13, p = 0.008). Based on
this association, we suggest that creative problem-solving ability
can be enhanced through strengthening the circuitry between
these three neural networks51,53.
2d. Deliberate Practice and Experience

To achieve this robust circuitry between neural networks, prac-
ticing cognitive processes that exercise creative problem-solving
is of utmost importance and can physically reshape the brain.
Regularly engaging the neural pathways of creative thought can
strengthen the Default Mode, Executive Control, and Salience
Networks and allow the brain to alternate between these net-
works and produce ideas more efficiently46. Across creative
domains, individuals who are more experienced and artistically
skilled demonstrate different patterns of neural activity during
creative problem-solving tasks2,53,55. For instance, Rosen et
al. (2020) studied jazz musicians from early to middle adult-
hood (mean age = 27.9 years, SD = 9.38, min = 18, max = 55),
and found that inexperienced jazz musicians displayed more
neural firing in the right hemisphere while playing improvised
pieces, whereas in seasoned musicians the activity was more
localized in the left55. Brain wave frequency was also asso-
ciated with improvisation quality; low-quality improvisations
exhibited significant beta and gamma wave activity (P FWE <
0.001) near right temporo-parietal electrodes, while high-quality
pieces displayed stronger beta (P FWE = 0.005), alpha (P FWE
< 0.001), and theta (FWE = 0.002) activity at right frontal
electrodes. Unsurprisingly, experience influenced these neural
patterns, with a musician’s number of prior live performances
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significantly predicting higher quality improvisation ratings (p
= 0.002). These results indicate that becoming more skilled
in a craft leads the brain to work differently and experience
creative problem-solving on an entirely different neurological
level. Therefore, it is important to gain experience and prac-
tice creative problem-solving to strengthen and tune the neural
pathways of creativity2. Psychologically, creative practice also
serves another important purpose: it increases familiarity and
understanding with a topic, which translates to a superior ability
to identify creative problem-solving solutions during divergent
and convergent thinking2,21. Immersing oneself in the intrica-
cies of the subject matter through activities like reading provides
the brain with more raw material to form connections with, and
neuroscientifically, this added experience allows the brain to
function differently. Possessing more experience and skill in
diverse subjects connects back to increasing the cognitive do-
mains of Fluency, Flexibility, and Elaboration, and ensuring
better creative problem-solving quality.

In addition to reshaping the functioning of the brain through
immersive experience and creative practice, creative problem-
solving can be enhanced by targeting general cognitive skills
like reasoning and recall. Creativity and intelligence are
highly related (among young adults r = 0.63, p <.001) and are
both characterized by efficient working memory and problem-
solving23,36,56,57. For instance, a 2022 study by Cancer et al.
found that creative problem-solving among both young adults
and elderly people is moderately predicted by verbal working
memory 95% CI [0.005,0.03]56. The prefrontal cortex gov-
erns planning, goal orientation, and decision-making, and is
vital to intelligence and creative problem-solving57. Due to
neuroplasticity, the more often reasoning and problem-solving
skills are practiced, the stronger and more efficient those neural
pathways become. Optimizing the workings of the prefrontal
cortex through engaging with stimulating problems and main-
taining well-being is conducive to increasing overall creative
problem-solving ability3,45,57. Thus, creative training programs
and classroom initiatives should hone these reasoning and mem-
ory skills of the prefrontal cortex, instead of just focusing on
creativity-related techniques. During divergent thinking and
brainstorming, creative problem-solving heavily relies on the
temporal lobe, specifically the hippocampus, which retrieves
past experiences and enables the synthesis of prior ideas3,36,50.
A case study by Duff and colleagues (2014) showed that pa-
tients with impaired hippocampi scored significantly worse on
the Torrance Tests of Creative Thinking compared to healthy
individuals, scoring 43.95% lower on verbal (p = 0.002) and
26.72% lower on figural scales (p = 0.004). The poor hip-
pocampus function of participants resulted in a shortcoming of
divergent thinking, and an inability to rapidly brainstorm solu-
tions58. The volume of the hippocampus proportionally relates
to memory capacity and can be increased through exercise and
sleep, which facilitates the growth of new neurons in the brain,

referred to as neurogenesis59,60. As such, exercise and sleep are
highly-effective ways to enhance creative problem-solving, as
they work through multiple approaches by providing an incuba-
tion period, improving emotional states, and boosting memory
by facilitating the growth of neurons in the hippocampus37,60.

Expanding on the idea of improving cognitive skills and neu-
rogenesis, the efficiency of creative problem-solving can be
enhanced by bolstering the white matter pathways that link vari-
ous regions in the brain. Individuals with greater connectivity
of white matter can more efficiently associate and synthesize
random ideas, leading to greater creative problem-solving3,46,53.
Schlegel et al. (2015) demonstrated that among college stu-
dents, highly creative artists possessed different formations of
white matter in their frontal cortices when compared to less
creative peers. In just eleven weeks, students who took an art
class experienced changes in their bilateral prefrontal white mat-
ter, exhibiting a significant decline in Fractional Anisotropy, an
indicator of white matter organization (t = -2.41, p = 0.016)
compared to the control group61. Indeed, one explanation for
why children are typically more creative than adults is because
they possess so many more disorganized neurons that later get
pruned away to streamline adult brains25. Reading, exercise,
meditation, and learning new skills are all effective approaches
to increasing white matter connectivity and problem-solving
efficiency45,62. Thus, from a psychological standpoint, activi-
ties that teach something new and bolster well-being are vital
in developing new expertise, providing a relaxing incubation
period, and allowing the brain to regulate emotions and think
more expansively. Importantly, these training courses and activ-
ities are also key to facilitating greater white matter volume and
formation, for more efficient synthesis during creative problem-
solving.
2e. Benefits of Sleep

Furthermore, sleep is one of the most beneficial measures
in boosting creative problem-solving from both a psychologi-
cal and neuroscientific perspective, as it optimizes cognition,
primes the subconscious mind, and regulates mood. When
solving problems, though, sleep serves another large purpose:
allowing the brain to fire in random ways and imagine brilliant
possibilities. Particularly important to creative problem-solving
are two phases of sleep, the moment of falling asleep, known
as hypnagogia or N1, and dreaming, which takes place during
REM sleep63,64. During N1, the Default Mode and Executive
Control Networks become active and ideas arise as the brain
shifts between states of consciousness15,63. Rapid Eye Move-
ment (REM) Sleep, on the other hand, involves intense neuronal
firing across various regions of the brain, similar to the activ-
ity level of conscious awareness. During REM sleep the brain
vividly lives out possibilities and experiments with new ideas64.
Novel information from the day is incorporated into previous
knowledge, allowing the brain to solidify memories and shuffle
random thoughts into creative solutions63,64. Sleep is a pivotal
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incubation phase that allows the mind to shuffle through ideas,
and the importance of quality sleep for creative problem-solving
cannot be overstated. Indeed, sleep deprivation has been found
to lower creative problem-solving Fluency and stymie divergent
thinking26.

Recent Findings

Recent research on enhancing creative problem-solving ability
has emphasized the creative flow state, a mental state of height-
ened cognitive performance and intense creativity that the brain
can occasionally shift into. A study by Rosen et al. (2024) was
one of the first to assess how creativity manifests differently in
the brain during flow states. They recruited jazz guitarists to
test out two theoretical frameworks for flow (a) that flow is the
result of intense activity in the Executive Control and Default
Mode Networks and (b) that considerable experience allows
the Executive Control Network to relax and enable the brain
to perform effortlessly. Using EEG to track brain activity, they
found that while the moderately positive relationship between
high experience and higher flow was not statistically significant
(b = 0.354, p = 0.089), higher experience strongly predicted
higher judge ratings of performance (b = 1.458, SE = 0.407, t =
3.584, p < 0.001), and greater judge ratings in turn were a fairly
strong predictor for flow (b = 0.175, SE = 0.048, t = 3.659, p
< 0.001). These findings support the second theory, suggesting
that, while confounding factors are at play, mastery and quality
are important prerequisites for flow2,65. Thus, gaining expertise
through creative practice may be highly effective for inducing
the unparalleled level of creative problem-solving characteristic
of flow2. In addition, this finding reveals that once mastery
has been achieved, peak creative problem-solving is induced
through relaxing control and letting the mind do the rest.

Other research has investigated what biological patterns dis-
tinguish extremely creative individuals from typically creative
people, who are often the sole subjects of study. A 2024 study
by Anderson et al. used two sample groups of adults (aver-
age age in early 40s), one composed of accomplished scientists
(mean IQ = 116.4) and artists (mean IQ = 113.8) and one of a
typical population (with similar intelligence, mean IQ =115),
to compare brain activity on the Alternative Uses and Remote
Associates Tests. The study revealed that extraordinarily cre-
ative individuals had higher random activation of distant brain
regions compared to the control group and less logical firing
patterns. Highly creative scientists exhibited lower levels of
small-world connectivity during rest states (p<.05), indicating
less efficient global brain organization. However, clustering co-
efficients and local connectivity were higher for extraordinarily
creative individuals (p<.05) during rest states, and local and
global connectivity had a moderately strong negative correla-
tion (r ≈ -0.7, p<.05)66. The research reveals that creativity
to some level is about efficient neural circuitry, but once this

has been attained, outstanding creative problem-solving may
break the rules and work in spontaneous ways. Nevertheless, the
study was only able to enroll 42 extraordinarily creative individ-
uals, making it difficult to discern how the groups meaningfully
differed. As with flow states, recent scientific discoveries em-
phasize progress and taking creative problem-solving to the next
level.

Additionally, evolving technology has led to new ways of
modeling creative problem-solving. In 2022, Khalil & Moustafa
pioneered the first computational model of creativity designed
off of the neural networks of the brain50. As the field of Arti-
ficial Intelligence has swelled in recent years, more literature
has investigated how humans and AI use similar and differ-
ent processes for creative problem-solving. A paper by Esling
& Devis (2020) suggested that AI is conditioned to think in
conventional patterns and may struggle to organically connect
unrelated topics in the same way human brains can67. Indeed, a
study by Doshi & Hoser (2024) revealed that generative AI can
effectively increase the creativity of short stories. They found
that AI excels in one dimension of creative problem-solving,
producing useful ideas, but not in the dimension of producing
truly novel, idiosyncratic work. For instance, when judges as-
sessed stories for the quality of Usefulness, writers with one
generative AI source scored 3.7% higher than writers without
(b = 0.185, p = 0.039), with more generative AI sources leading
to higher gains; writers using five generative AIs scored 9.0%
higher than writers with no AI at all (b = 0.453, p < 0.001).
Importantly, AI enhanced the creativity and quality of typical
writers but did not meaningfully boost creativity for highly cre-
ative writers68. While a limitation of this finding is that AI is
still a very recent development, this suggests that AI can be
useful in enhancing creative problem-solving up to a certain
point and excels in Flexibility, Fluency, and Elaboration, but
lacks in the subscale of Originality. Other research has taken
AI in a completely different direction and used machine learn-
ing to build effective, instantly AI-graded creativity tests that
enable schools to administer widespread assessments of creative
problem-solving skills69. Thus, AI may be used as a teaching
tool to help efficiently benchmark and target creative problem-
solving ability. The future of creative problem-solving research
will almost certainly gravitate towards AI and emphasize how
the co-creative process combining the human mind and AI can
enhance problem-solving efficiency67.

Conclusion

Ultimately, creative problem-solving is among the most intri-
cate of brain processes. Creative problem-solving involves
convergent and divergent thinking approaches, multiple cog-
nitive dimensions, and the conscious and the subconscious mind.
Moreover, the Default Mode, Executive Control, and Salience
Networks as well as the prefrontal cortex, temporal lobe, and
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white matter all play vital roles. Creative problem-solving ability
can be increased by refining the skills of originality, flexibility,
fluency, and elaboration through lifestyle and mindset shifts, as
well as by practicing convergent and divergent thinking tech-
niques through tasks like mind maps or online exercises. While
inspiration may feel spontaneous, ideas tend to follow the four
phases of the Creative Process and incubation periods are critical
to finding solutions. Creative problem-solving can be enhanced
through activities that engage the subconscious and regulate
emotional states—exercise, meditation, fresh air, and quality
sleep. Additionally, external environments and social norms
that promote unconventional thought enable creative problem-
solving to thrive. From a neuroscientific perspective, creative
solutions are produced by the Default Mode, Executive Con-
trol, and Salience Networks. Importantly, creative training can
strengthen these networks, and improving reasoning and mem-
ory skills can also boost creative problem-solving. Additionally,
remaining intellectually curious and physically active supports
the connectivity of white matter in the brain. Exercise, medi-
tation, sleep, and problem-solving practice emerge among the
most beneficial activities that both psychologically and neurosci-
entifically increase creative problem-solving ability. In essence,
creative problem-solving can be enhanced through activities that
relax or open the mind and allow the brain to generate ideas at
optimal capacity.

While individual methods of improving creative problem-
solving can have tremendous personal impacts, wide-scale pro-
grams that empower the next generation should be the top prior-
ity. Systematic approaches should be used to combat declining
creative problem-solving ability. Across the world, schools
should emphasize problem-solving-oriented curriculum and in-
corporate student-driven, open-ended projects. Schools and
workplaces should reward risk-taking and encourage new ways
of approaching issues over intellectual conformity and sticking
to the comfort zone. To this end, policies that give students and
employees more flexibility and establish norms of collaboration
can increase creative problem-solving ability. These institutions
should also implement policies that teach problem-solving ex-
ercises, such as by having presentations on the neuroscience
behind psychology or administering divergent thinking prob-
lems in classrooms. Lastly, particularly in workplaces where
long hours are common, providing breaks during the day is
crucial to activating the Incubation Period of the subconscious,
and a pleasant, healthy working environment enables positive
emotions that allow the brain to think more expansively. As the
world becomes increasingly fast-paced, society must remem-
ber to slow down and value daydreaming, abstract expression,
and critical and reflective thought. When finding new solutions
to today’s pressing issues, it is essential to not become over-
whelmed by negativity and lost in the minutiae and drudgery.
Rather, brilliant solutions generally arise from taking carefree
breaks, prioritizing well-being, and remaining flexible to new

thinking strategies. When seen as incredible bursts of insight or
dissected to the connections occurring at the neuronal level, cre-
ative problem-solving is an attestation to the astounding human
brain. As Albert Einstein once said, “Creativity is intelligence
having fun.” With creative problem-solving, the future is bright
and the possibilities are truly endless.
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