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ABSTRACT

Creativity, the capacity to generate ideas or products that are both novel and valuable, is a multifaceted
cognitive process involving numerous neural components. This paper explores the neurobiological
underpinnings of creativity, examining how various brain structures and functions contribute to creative
thought. By leveraging cognitive neuroscience techniques, particularly neuroimaging, researchers have
identified key brain networks and neurotransmitters involved in creative processes. Additionally, this
review highlights the cognitive mechanisms, such as divergent and convergent thinking, and the roles of
emotion and motivation in fostering creativity. The synthesis of current research offers insights into the
intricate interplay of cognitive and neural mechanisms that underpin creative cognition.
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INTRODUCTION
Creativity — defined as the generation of ideas or products that are novel and valuable — is fundamental to
human cognition. Yet, the process of creativity depends on a panoply of individually neurocognitive
functions, including the abilities to imagine, plan, and engage in divergent thinking. To understand
creativity, it is beneficial to determine the functional brain anatomy of various creative behaviors that
bring together numerous cognitive components. Cognitive neuroscience studies, using numerous
technologies and scanning creative individuals as they perform specific creative tasks, has recently begun
to provide some insights into the development and interrelation of such global and detailed functional
systems. Such research has addressed numerous modalities of creativity and is providing a decade of
progressing work that congruently points to a tight atlas of brain areas that is often associated with
creative action [[1, 2. Cognitive neuroscience is the study of the nervous system that underpins cognitive
functions, including language, motor actions, memory, perception, attention, sensorimotor integration,
decision-making, and consciousness itself. Cognitive performance engages broadly distributed neural
networks, in particular, large-scale areas of frontal and parietal cortex. The amazing functional and
structural neuroplasticity of the brain provides a mechanism for cognitive recovery from traumatic injury.
Cognitive impairment and networking occur in many neurological and psychiatric disorders, which are
differentiated and monitored using various clinical neuroimaging techniques. However, as yet, our
understanding of the neural basis of creativity, the most advanced of human adaptive processes, is still
limited due to its dependence on several processes and inordinately sparse [3, 4]
NEUROBIOLOGICAL BASIS OF CREATIVITY

One of the fundamental questions underlying the research on creativity in the cognitive sciences is the
following: Why do some people think more creatively than others? Can they think differently because of
how their brains are built? That is another way of asking about the neurobiological basis of creativity
[5]. A recent framework suggests that genetic, neurobiological, and social-environmental factors interact
in producing creativity and explores a unified neurocognitive process responsible for creativity. The
unique intertwining of perception, cognition, emotion, and motivation underlying human creativity,
especially as enacted in the arts, is the foundation of the emerging cognitive neuroscience of creativity.
Neurobiological explorations, including fMRI studies, of two key components, artists and the creative
brain, in the recently developed person-centered approach to artistic creativity and the arts are analyzed.
An approach to creativity common in the fields of gifted education, psychology, philosophy of mind,

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Page | 62


file:///C:/Users/KIU%20WESTERN/Desktop/56/New%20folder/kiu.ac.ug

business management, and visual arts is compared and contrasted. The future development of cognitive
neuroscience of creativity, including the choice of further neurological and behavioral experimental
paradigms in the social neurosciences, is also discussed [6, 7].

BRAIN STRUCTURES AND FUNCTIONS INVOLVED
The brain network for creativity is the main topic of research in cognitive neuroscience in recent years. In
general, human creativity is generated by the interaction of multiple brain structures and functions. The
interaction of these neural structures can be divided into the following three levels: the work of various
regions of the brain in a given state; the sequence of different substances at different time points; and the
coordinated function of different substances at the same time. Although the specific neural network of
creativity has not been identified, it is generally believed that the generation of creative ideas and
expressions is driven by the coordination of many related brain structures. This review focuses on the
relationship ~ between  creativity —and  neuromorphology, neurotransmitter  systems, and
electrophysiological indicators [87. Creativity is a conscious and unconscious activity stemming from
cognitive processes. [t is sensitive to creative gaze, state of mind, and knowledge. This paper reviews 5
levels of cognitive-neural mechanisms of creative processes: neuromorphology, neurotransmitter,
neurometabolism, regions related to cognitive processes, and electrophysiological indicators. The above
studies found that the neural network related to the generation of creativity includes two major networks:
(1) frontal lobe and limbic system, including the following structures: prefrontal lobe, cingulate gyrus,
adhesion gyrus, hypothalamus, furrow, and amygdala; and (2) the three nuclei of the medial temporal
lobe, such as the temporal pole, uncinate gyrus, parahippocampal gyrus, and hippocampus. The vestibular
sugranucleus and the right vestibular nucleus have an fMRI response during poetry creation [97].

NEUROTRANSMITTERS AND CREATIVITY

Many theories suggest that divulging the importance of cognitive processes and perception is functionally
mediated by neurotransmitters. Psychotogenic drugs like those from psychotomimetic, stimulant,
Liliputi-cousin or cognitive enhancer categories are currently being consumed for improved creativity but
is in demand on the darknet. Key neurotransmitters that have been studied with regard to their
contribution to creativity include dopamine, serotonin, and acetylcholine. Moreover, findings of recent
studies reviewing the effects of neurotransmitters on creativity have also suggested their interaction with
each other, which has been further associated with increases in creative cognition. In addition to these,
studies have also indicated the role of GABA as negatively affecting creativity [107]. Catecholamines are a
type of neurotransmitter which includes dopamine. They have been linked with creative thinking in many
ways. For instance, research studies have associated the activation of "Cerebral creativity network" such
as prefrontal cortex with increased release of dopamine, while the involvement of episodic-
autobiographical creativity is associated with serotonergic 5-HT2A receptor. In fact, low levels of
serotonin during early life would reduce 5-HT2A receptor-mediated transmission, enhancing cognitive
flexibility and creative exploratory behavior, that would help one to find alternative and hence have an
impact on creativity. Dopamine-inducing drugs such as amphetamines are used for cognitive
enhancement including creativity by stimulating the direct or indirect dopamine transmission in the
prefrontal cortex. Similarly, the selective norepinephrine reuptake inhibitors (NRI), such as reboxetine
and atomoxetine, used for treating attention-deficit hyperactivity disorder (ADHD), have been used for
cognitive enhancement. Clinical use of cholinesterase inhibitors (ChEIs) such as galantamine and
rivastigmine for the treatment of Alzheimer's disease indicates their correlation with acetylcholine in
cognitive processes such as learning and memory, as well as inventiveness [117].

COGNITIVE PROCESSES IN CREATIVE THINKING
Researchers used to define creativity as the production of ideas that are both new and appropriate. The
novelty criterion implies that creativity is a property of ideas that are statistically infrequent, and
probably atypical, rare, or idiosyncratic. The appropriateness criterion adds that a creative idea is one that
can be used to solve problems, to make plans or decisions, or to create meaningful works of art or science.
At a cognitive level, creativity researchers have found it fruitful to distinguish between divergent and
convergent thinking processes in creative thinking. Divergent thinking is the kind of thinking used to
generate and recognize unusual and unique ideas, whereas convergent thinking entails the use of logic
and judgment to identify a single best solution to a problem. In creative thinking, the two processes are
activated together, so that at the same time as we produce a variety of candidate ideas, we think about
which of these might be best, and how they might be developed [12, 137. In recent years, many creativity
researchers have proposed that the generation of unusual and unique ideas is closely tied to our ability to
break free of the strictures of conscious and controlled problem solving, and to make novel associations
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between ideas that are only loosely connected or completely unrelated. A well-developed research
literature suggests that, in a variety of fields from textual interpretation to art history, juries of experts
will rate as most creative those products that make the most remote associations. Some of the most
convincing theories of creative cognition propose that the generation of unusual ideas involves analogical
reasoning: we understand a problem, an idea or a situation metaphorically, so that we can see something
in a new light, from a new perspective, or on a different scale that makes a novel solution or interpretation
become apparent [[14].
DIVERGENT THINKING VS. CONVERGENT THINKING

To produce a more accurate description of the cognitive underpinnings of figurative creativity, we
investigated the phenomenological analysis of this faculty and related constructs and proposed a
conceptual scheme based on these descriptions. Throughout this reconstruction, the focus is to provide a
more fine-grained cognitive-diving view that contrasts styles of cognitive underpinning of problem
solving and idea generation by delineating four separate types of underlying cognition. However, before
diving into the separate types of underlying cognition, let's first take a look at two types of contrasting
styles of problem solving and idea generation for a short summary: divergent thinking vs. convergent
thinking [157].

Divergent and convergent thinking are decision-making cognitive styles. Convergent thinking is the
more common and familiar style of choice, referring to the ability to make quick and systematic
judgments about the adequacy of a given solution (e.g., "Is a chair a good solution to the problem of what
to sit on?"). Divergent thinking, on the other hand, can be described as being concerned with generating,
or coming up with, many possible solutions to a given problem [16, 17]. The key distinction is that
divergent thinking focuses on idea generation, while convergent thinking is concerned with finding the
correct or right solution out of a finite set of possibilities that have been generated. Thus, in a way,
divergent thinking could be seen as a prerequisite or a prior step to convergent thinking: the only
problem is that finding a good solution to a problem becomes hard or impossible if the candidate solutions
that were generated are not very creative or did not think outside the norms. A good example of
divergent thinking capacity is generating ideas for generating or coming up with a novel business idea

r1s].
INSIGHT AND PROBLEM-SOLVING
Insight and problem-solving represent fundamental constituents of creative cognition. Over the course of
the last decade, research in creative cognition mainly concentrated on the study of cognitive processes
that lead to insight. Insight is referred to as a mental process which includes creative idea generation in
order to solve a problem at a point in time when spontaneous restructuring of the representation of a
problem occurs. Thus, the outcome of insight is a new problem representation which provides the solver
with a new view on a seemingly unsolvable or hard-to-solve problem [197. The focus was on the
conceptualization of different types of solutions to a problem taking the problem's intrinsic structure into
account. Hence, problem-solving efforts are determined, among other things, by the knowledge state of
the solver. Problem characteristics, characteristics of the solver, and the interactions among selected
characteristics are supposed to represent important determinants of outstanding problem solving. In
general, problem solutions belong to two broad categories: solutions that are based on explicit or implicit
knowledge of relevant relations between problem elements (i.e., more or less straightforward problem
solving) and solutions which fit the definition of creativity by circumventing these relations. A new
representation of a problem can be obtained by consciously re-representing the problem's type or its
individual components. Alternatively, new problem representations emerge incidentally from the pursuit
of a goal different from the problem solution pursued [20, 217].
NEUROIMAGING STUDIES OF CREATIVITY

Contemporary creativity research is concerned with the exploration of neural correlates of individual
differences related to humans' capacity for solving divergent thinking tasks, such as writing poems or
creating new recipes. Neuroimaging techniques are employed to unravel the brain mechanisms engaged
when mental flexibility is required in these types of tasks. This is the main focus of cognitive neuroscience
of creativity. Neuroscientific research usually distinguishes between the measurement of evoked activity
(mainly monitoring blood flow changes) while a particular task is processed and the assessment of the
intrinsic, basal state of the human brain when a given task is not explicitly processed [227]. Two
methodologies can be used to evaluate evoked activity. Electro- and magneto-encephalography
(EEG/MEG) allow the measurement of fast changes in neuronal activity, with high temporal resolution
and two main spatial inaccuracies. Positron-emission tomography (PET) and functional magnetic
resonance imaging (fMRI), in turn, enable the measurement of the cerebral blood flow changes evoked
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during task processing with a wide time scale (low temporal resolution) and an acceptable spatial
discrimination. The main basis for fMRI lies in the association of brain activity increase and blood flow
enhancement in brain areas showing increased oxygen extraction. Research into creative thinking has
predominantly used fMRI [237. In most fMRI studies of creative thinking, brain activations are
compared during two classical types of processing, i.e. when subjects have to address really creative or
routine problems. Examination of routine conditions is necessary to provide the emotional context of any
association between brain activation and creative thinking, with the brain's response to the routine
favorable outcome of creative problem solving. Increases of cerebral blood flow during the task can be
pinpointed to a specific brain area, which is associated with, among others, structured and serial
processes, most typically [247. This approach, where relevant pairwise contrasts between creative and
routine processing are the subject of investigation, is problematic theoretically. Keeping the routine task
black (i.e. a baseline condition which involves no problem solving), the integrative approach of comparing
creative conditions to both sorts of routine processing is thus recommended. When comparing responses
to creative (literal and associative) thought to the baseline of your fMRI paradigm, any activated brain
area is not driven to any particular type of processing. In other words, a problem should increase activity
in cognitive and emotional task-related areas regardless of whether or not the response is really creative
[25].
THE ROLE OF EMOTIONS AND MOTIVATION IN CREATIVE PROCESSES

This theoretical review was prepared for the Journal of Cognitive Neuroscience's special issue on
explaining creativity with recent neuroimaging work. Common psychological conceptions of creativity
include the power of emotions and feelings to motivate creative ideation, and thus subsequent artistic
expression. This chapter discusses emotion, motivation, seamlessness with feeling, and the impetus
named as characterizing components in the creative process. Emotional stories and backgrounds that
underscore emotions characteristics serve to motivate the creative act. Emotions have also been
documented as part of the creative act, as in being immersed in the feeling of the work during the creative
act [26, 277. The creative act has also been examined in relation to motivation. Creative individuals have
been described as more motivated, more intrinsically motivated, more reward driven, more likely to take
risks, more likely to engage in flow experiences, and more interested in broader motives and values.
Motivation has also been considered as a central component of personality. Motivation "can determine
the choices of behavior made by an individual or by a system" such as "an a system such as an
organization," and has important implications in the ethical decisions encountered in organizations and
work situations. Additionally, Sevdalis and Keller feel that motivation can be explicitly considered as a
critical success variable in scientific processes. Sligh explores the creative filter of experienced and
understood emotions that is essential in a seamless integration of feelings into the products produced and
practices enacted. Motivation, enthusiasm, excitement, and self-esteem also serve as factors and enablers
in the tumble of inventional thinking. The notion of needing a background emotional relation is also
supported by a number of visual artists who reference specific emotional ties or relations inherent in
museums and the reproductions they create while visiting major art institutions. Keles offers "art museum
mental imagery" for countries to enable entry to artifacts for learning and enjoyment [287.

CONCLUSION
The cognitive neuroscience of creativity is a burgeoning field that aims to unravel the complex neural and
cognitive processes underlying creative thought. Neuroimaging studies have pinpointed specific brain
regions and neurotransmitter systems that are critical to creative cognition. The interaction between
divergent and convergent thinking processes, coupled with the significant influence of emotions and
motivation, underscores the multifaceted nature of creativity. Future research should continue to refine
our understanding of the neural basis of creativity, exploring how genetic, neurobiological, and
environmental factors coalesce to foster creative abilities. This integrated approach promises to enhance
our comprehension of creativity, paving the way for innovative strategies to cultivate and harness
creative potential across various domains.
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