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DREAMS AS TRIGGERS FOR CREATIVITY AND INNOVATION 
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ABSTRACT   

For generations, people in the artistic and scientific fields have been fascinated by the connection between 

dreams and creative thinking. Kekulé's benzene ring structure, Mendeleev's periodic table, and Loewi's 

discovery of chemical neurotransmission are just a few examples of how dreams have sparked important 

scientific breakthroughs. This article investigates the complex interactions between dream states, altered states of 

consciousness, including hypnagogic states and psychedelic experiences, and their ability to enhance scientific 

creativity. We investigate the neurological processes behind these altered states and their impact on creative 

problem-solving throughout history by combining case studies from the past with current research. This article 

reviews existing knowledge about the profound role that dreams can play in scientific discovery and innovation. 
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SONHOS COMO GATILHOS PARA CRIATIVIDADE E INOVAÇÃO 

 

RESUMO 

Por gerações, pessoas nas áreas artísticas e científicas têm se fascinado com a conexão entre sonhos e o 

pensamento criativo. A estrutura do anel benzênico de Kekulé, a tabela periódica de Mendeleev e a descoberta 

da neurotransmissão química por Loewi são apenas alguns exemplos de como os sonhos inspiraram importantes 

avanços científicos. Este artigo investiga as complexas interações entre os estados de sonho, estados alterados de 

consciência, incluindo estados hipnagógicos e experiências psicodélicas, e sua capacidade de potencializar a 

criatividade científica. Ao combinar estudos de caso do passado com pesquisas atuais, exploramos os processos 

neurológicos por trás desses estados alterados e seu impacto na resolução criativa de problemas ao longo da 

história. Este artigo revisa o conhecimento existente sobre o papel profundo que os sonhos podem desempenhar 

na descoberta científica e na inovação.  

 

Palavras-chave: Sonhos; Criatividade; Narcolepsia; Processos Cognitivos; Funcionamento Cerebral. 

 

INTRODUCTION   

Creativity, essential to scientific inquiry and innovation, is characterized by the ability 

to generate novel and valuable ideas. While defining creativity remains challenging, it is 

widely believed to flourish in altered states of consciousness, such as during dreams and 

hypnagogic experiences. Many well-known scientists and artists throughout history have 

acknowledged the significant influence that dreams have on their ground-breaking discoveries. 

For instance, the most well-known English novelist of the Victorian era, Charles 

Dickens (1812–1870), explored many facets of sleep and its disturbances, including his 

personal experiences and those of his friends into his fictional characters. The interaction 

between dream and reality is vividly portrayed through the young Oliver Twist in Dickens' 

novel. In contrast, "A Christmas Carol" highlights the significance of the dream world 

through the elderly Ebenezer Scrooge’s vivid, dream-like experiences. Thus, dreams serve as 
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a crucial link between sleep and conscious thought, providing valuable oneiric insights across 

different stages of life and historical contexts
1
. 

This present paper explores the relationship between dreams and creativity by 

combining historical perspectives with modern scientific research. It investigates how altered 

states of consciousness, including those induced by narcolepsy and psychedelics, can 

stimulate scientific thinking. By examining these intricate dynamics, we aim to demonstrate 

how dreaming not only enhances individual creativity but also drives broader scientific 

advancements.  

 

NEUROBIOLOGICAL FOUNDATIONS 

This section examines the intricate neurobiological mechanisms linking creativity and 

dreams, with a particular emphasis on the studies conducted by Vallat et al.,
2
 and Scarpelli et 

al. 
3-4 

Vallat et al.
2
 and Scarpelli et al.

4
 challenge the traditional view that dreaming occurs 

exclusively during rapid eye movement (REM) sleep, as dreams can manifest across various 

sleep stages, though definitive physiological indicators for confirming dreaming at specific 

times remain elusive. Current research depends on dream reports gathered upon awakening, 

and the absence of dream recall does not necessarily indicate that dreaming did not occur. 

Both situational factors (e.g., sleep stage) and individual traits (e.g., personality) significantly 

influence dream recall. 

The articles by Scarpelli et al.
3
 and Scarpelli et al.

4
 explore advancements in 

understanding the neurobiology of dreaming, using neuroimaging and brain stimulation to 

reveal shared neural bases between sleep and waking mental activities. Scarpelli et al.
3 

highlights that dreaming involves specific brain areas, like the posterior parietal and prefrontal 

cortex, with sensory cues able to shape dream content, suggesting potential for controlled 

dream manipulation. Key questions remain about how individual traits, brain states, and 

circadian rhythms impact dreams. Scarpelli et al.
3
 explore how individual traits and 

physiological factors influence dream content and discuss the role of sensory stimuli in 

shaping dreams. Highlighting the difficulty in studying dreams directly, it proposes using 

parasomnias as a window into dream mechanisms. The article outlines unresolved issues, 

including the need for standardized research protocols, understanding neural mechanisms, and 

exploring clinical implications.  Scarpelli et al.
4 
emphasizes moving beyond REM vs. NREM 

distinctions to examine specific brain functions and factors affecting dream recall. 
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Parasomnias might provide direct insight into dreams, and nightmares could offer therapeutic 

benefits. Scarpelli et al.
4 

calls for standardized methods and further research on dreams' 

mental health relevance. 

Vallat et al.
2
 reveal significant neurophysiological differences between individuals 

with high dream recall (HR) and low recall (LR). HR individuals show increased cerebral 

blood flow in the temporoparietal junction and medial prefrontal cortex, key components of 

the default mode network (DMN), which is linked to self-referential thought, creativity, and 

episodic memory. This heightened DMN activity in HR individuals supports the association 

between high dream recall and greater creativity, suggesting an overlap in the cognitive 

processes of dreaming and creative thinking. Scarpelli et al. further note that intracranial EEG 

studies show increased coherence in the rhinal-hippocampal and intrahippocampal regions 

among high dream recallers. Single-neuron recordings in the medial temporal lobe reveal 

reduced firing rates before REM sleep, with a notable increase afterward. Neuropsychological 

research shows that brain lesions can alter dreaming: lesions in right posterior networks can 

change dream content, bilateral anterior lesions can halt dreaming, and prefrontal cortex 

damage affects dream intensity and frequency, while bilateral amygdala lesions are linked to 

lighter dream content. Functional neuroimaging with PET and fMRI reveals activation in 

limbic structures during REM sleep and increased blood flow in the medial prefrontal cortex 

and temporoparietal junction in frequent dream recallers. Additionally, the visual cortex 

shows activity similar to visual perception during dreaming, and structural MRI identifies 

anatomical differences in the medial prefrontal cortex related to dream recall. 

These findings indicate that HR individuals have enhanced functional connectivity 

within the DMN and score higher on creativity measures compared to LR individuals. While a 

direct correlation between DMN connectivity and creativity scores was not established, these 

results reinforce the connection between dream recall and DMN activity. Vallat et al.
2
 also 

propose a lifestyle hypothesis, suggesting that HR individuals tend to exhibit traits such as 

creativity and introspection. Although some associations between creativity and personality 

traits, such as openness to experience, were observed, substantial differences between HR and 

LR individuals were not found, potentially reflecting the weak nature of these associations. 

In conclusion, Vallat et al.
2
 argue that high dream recall is associated with distinctive 

cognitive and neural profiles, characterized by increased baseline activity within the DMN, 

which may enhance both creativity and dreaming. They advocate for future research to 

explore methods to improve dream recall and assess its potential impact on creativity. 
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Scarpelli et al.
3
’s article explores two complementary models that explain the 

formation and recall of dreams: the continuity model, which links dream content to waking 

memories, and the activation model, which emphasizes physiological brain activity during 

sleep. The continuity model suggests that dreams reflect waking memories by incorporating 

recent experiences, while the activation model emphasizes the brain’s physiological activity 

during sleep. Neuroimaging and EEG data support aspects of both models, showing that brain 

networks responsible for cognitive functions during wakefulness also contribute to dream 

experiences. Interestingly, EEG data, particularly high-frequency activity (beta and gamma 

waves), indicates a distinct activation state in the brain during sleep, highlighting a potential 

divergence from the waking continuity. The article further expands on the continuity 

hypothesis, which posits that dreams mirror waking experiences and emotions, particularly 

through the "day-residue effect," where recent memories and emotions blend into dreams. 

Supporting this hypothesis, Scarpelli et al.
3
 identify key brain regions—such as the posterior 

parietal cortex, prefrontal cortex, and limbic system—that are active during both wakefulness 

and sleep, suggesting a continuum of consciousness across these states. By combining these 

perspectives, Scarpelli et al.
3
 argue that the continuity and activation models together offer a 

more comprehensive understanding of dreaming. The continuity model explains how 

autobiographical or emotionally intense memories emerge in dreams, while the activation 

model suggests that brain activity during sleep facilitates the storage of these dream traces. 

This integration clarifies why only particularly meaningful or emotional dream content tends 

to be recalled upon waking, offering a nuanced view of the neural mechanisms driving dream 

experiences. 

The activation hypothesis is also supported by clinical research, which indicates that 

enhanced brain activity may facilitate DR
3
. Patients with insomnia, for example, report higher 

DR frequency, most likely because they wake up more frequently, which is consistent with 

the Arousal-Retrieval Model. A lower delta/beta EEG ratio, a sign of greater brain activity, is 

also seen in insomniacs. This could help DR by increasing fast-frequency EEG activity. This 

is corroborated by research on narcoleptics, which shows that DR is predicted by reduced 

delta power and higher beta power in centro-parietal areas during both REM and NREM sleep. 

Higher brain activation may improve cognitive processing during sleep, as seen by the 

decreased delta activity during REM in narcoleptic individuals who have lucid dreams. 

Neurochemical studies reveal a negative correlation between dopamine levels and the 

bizarre or emotional content of dreams in Parkinson’s disease patients. Scarpelli et al.
3
 also 
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discuss how brain stimulation techniques, such as transcranial magnetic stimulation (TMS), 

may influence consciousness during sleep and affect dream recall. In order to investigate 

dream manipulation, one study used TMS during NREM sleep to target the posterior parietal 

brain. The findings demonstrated that TMS produced an EEG response with a shorter phase-

locking period and a bigger negative deflection that was associated with dream non-recall. 

Fewer words in dream reports were linked to this response. The results imply that cortical 

bistability, or the switching between active and inactive neural states, regulates consciousness 

and information integration, with slow EEG waves during sleep preventing conscious 

experiences and dream recollection
3
. 

During REM sleep, characterized by vivid dreaming, brain activity facilitates memory 

consolidation by integrating new information into existing neural networks, involving the 

hippocampus and neocortex. This process supports knowledge reorganization and the 

generation of innovative ideas. Dreams activate unconscious processes, revealing potential for 

creative problem-solving and novel connections. Reduced prefrontal cortex activity during 

dreaming allows for uninhibited exploration, fostering creativity. Additionally, the activation 

of emotional centers during dreaming enriches the creative process, imbuing new ideas with 

personal significance. 

In summary, these neurobiological insights enhance our understanding of how brain 

function and creativity are interconnected through dreaming. Dreams serve as dynamic 

platforms for integrating cognitive elements into novel insights and discoveries, underscoring 

the complex relationship between creativity and the neurobiological underpinnings of 

dreaming. 

                                                                           

DREAM AND CREATIVITY 

In "When Brains Dream," Zadra and Stickgold, apud Lüth
5
, explore how dreams 

enhance problem-solving and creativity. According to Lüth
5
, the authors present the NEXTUP 

theory—"Network Exploration To Understand Possibilities"—which argues that dreams help 

the brain connect unrelated ideas and create "what-if" scenarios, leading to new insights and 

solutions. The book examines the impact of dreaming on memory consolidation and cognitive 

abilities, supported by evidence such as a study showing that participants who dreamed about 

a maze they had learned performed better on subsequent tests. Lüth
5
 notes that Zadra and 

Stickgold combine scientific research, historical context, and anecdotal evidence to support 
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their claims and engage with opposing theories, including telepathic dreaming, offering a 

comprehensive view of the links between sleep, dreams, memory, and creativity. 

Paller et al.
6
 discuss the role of sleep in creative insight and emotional regulation. The 

authors suggest that sleep can aid in problem-solving and creativity by reactivating and 

reorganizing memories, allowing for novel connections to be made between seemingly 

unrelated ideas. They also propose that sleep may help regulate emotions by processing 

emotional memories, reducing stress, and improving mood. The article presents several 

studies that support these claims. For example, one study found that participants who were 

presented with a set of puzzles during slow-wave sleep (SWS) were more likely to solve them 

than those who were not presented with the puzzles during SWS. Another study found that 

participants who were given a creative task to complete during the night and were woken up 

the next morning were more likely to produce creative solutions than those who were not 

given the task. The authors also discuss the role of sleep in emotional regulation, suggesting 

that sleep may help process emotional memories and reduce stress. They note that sleep 

disturbances have been linked to various mental health disorders, including depression, and 

propose that abnormalities in sleep may contribute to the development and maintenance of 

these disorders. Overall, the article suggests that sleep plays a critical role in both creative 

problem-solving and emotional regulation, and that abnormalities in sleep may contribute to 

the development of mental health disorders such as depression. 

Ghandour and Inokuchi's paper
7
 explores how sleep contributes to memory 

reactivation and consolidation, highlighting its significance in creativity, future planning, and 

problem-solving. They discuss how different sleep stages, including NREM and REM sleep, 

play distinct roles in memory processing, with REM sleep being particularly linked to creative 

thinking and the formation of new connections between existing knowledge. The authors 

suggest that further research into sleep's role in cognitive processes could lead to innovative 

strategies for enhancing creativity and problem-solving skills. 

A study by researchers at MIT and Harvard Medical School has shown that "targeted 

dream incubation" (TDI) during the sleep onset phase can significantly boost creativity
8
. This 

technique involves prompting individuals to dream about specific topics during the early 

stages of sleep, known as N1 or hypnagogia. In the study, participants who were guided to 

dream about a particular subject during this phase demonstrated greater creativity compared 

to those who napped without prompts or stayed awake. The creativity was measured through 

tasks like storytelling and divergent thinking related to the prompted topic. The findings 
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suggest that during N1 sleep, the brain makes broader connections between different concepts, 

thereby enhancing creative performance in subsequent tasks. This research, which utilized the 

Dormio device to facilitate TDI, builds on earlier studies and highlights N1 sleep as a critical 

period for creative insights, showcasing the device's effectiveness in influencing dream 

content and boosting creativity. 

Additionally, the Surrealist artist Salvador Dalí employed a unique method involving a 

key and a chair to induce a hypnagogic state, the transitional phase between wakefulness and 

sleep. Dalí believed that this state unlocked his subconscious creativity, inspired by Sigmund 

Freud's theory that dreams reveal unconscious desires. His artworks, known for their surreal 

and often disquieting imagery - such as melting clocks and distorted faces - reflected the vivid 

visual and auditory sensations typical of hypnagogia. Dalí's approach demonstrates how 

hypnagogic hallucinations can fuel creative expression, significantly influencing his 

innovative artistic output and contributing to the Surrealist movement's exploration of the 

unconscious mind
9
. 

In his paper, Fuchs
10

 explores the concept of the "not-yet-conscious" as a state that 

significantly influences creativity, spontaneous thought, and therapeutic processes. Drawing 

from Ernst Bloch, he examines how unconscious tendencies manifest in contexts like 

extemporaneous speech, artistic improvisation, and decision-making. Fuchs
10

 introduces the 

"protentional cone" to explain how future-oriented expectations shape these experiences. He 

highlights that in relaxed states, such as daydreaming or creative brainstorming, the "not-yet-

conscious" becomes more active, allowing for a free flow of ideas and insights. Dreams, seen 

as a prime example, are described as a state where the mind is fully open, enabling the 

emergence of unconscious thoughts and creative ideas. Fuchs also connects the concept of 

incubation, where dreams can foster problem-solving and new ideas, with the creative process. 

He argues that creativity and improvisation rely on the unfolding of latent meanings within 

the "not-yet-conscious," which can be accessed through dreams, art, and decision-making, 

enriching both creativity and therapeutic practices. 

Figure  1 illustrates the Neurobiological Perspective on the Interplay between Sleep, 

Memory, Emotion, and Creativity. 
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Figure  1 - A Neurobiological Perspective on the Relationship between Sleep, Memory, Emotion, and 

Creativity 

 

 
 

 Sleep Stages Analysis:  

•  Begins the process by examining the 
different stages of sleep, which include 
NonREM (NREM) and REM (Rapid Eye 
Movement) sleep. 

 NREM (NonREM) Sleep:  

•  Focuses on memory consolidation and 
emotional processing during this stage. 

•  Crucial for solidifying memories acquired 
throughout the day and regulating 
emotional responses. 

•  Involves slow brain waves and typically 
occurs earlier in the sleep cycle. 

 REM (Rapid Eye Movement) Sleep:  

•  Highlights creative insight and memory 
reactivation associated with REM sleep. 

•  Characterized by rapid eye movements, 
vivid dreaming, and increased brain activity 
similar to wakefulness. 

•  Thought to play a role in processing 
emotional experiences and consolidating 
memories, including procedural and 
emotional memory. 

 Emotional Regulation & Processing:  

•  Outcomes include stress reduction 
and mood improvement facilitated by 
sleep. 

•  Sleep helps regulate emotions by 
processing emotional memories and 
reducing the physiological effects of 
stress hormones. 

•  Contributes to overall wellbeing and 
mental health. 

 Memory Reactivation & Consolidation:  

•  Helps in forming new connections and 
insights, crucial for creativity. 

•  During sleep, especially REM and certain 
stages of NREM, memories are reactivated 
and consolidated. 

•  Enhances memory retrieval and promotes 
creative problemsolving by facilitating novel 
associations between previously unrelated 
pieces of information. 

 Dream Content Analysis:  

•  Examines how dreams influence 
creative thinking and reflect emotional 
processing. 

•  Manifestation of the brain's activity 
during sleep, incorporating recent 
experiences, emotional concerns, and 
subconscious thoughts. 

•  Provides insights into cognitive 
processes and emotional states 
influencing creativity and mental 
health. 

Artistic Influence:  

•  Demonstrates the impact of hypnagogic hallucinations (e.g., 
Salvador Dalí's method) on surrealist artistic expression. 

•  Hypnagogic hallucinations occur during the transitional state 
between wakefulness and sleep. 

•  Used by artists to access subconscious creativity and explore 
surrealistic imagery, influencing artistic expression and providing a 
unique perspective on dreams, consciousness, and creativity. 
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LUCID DREAMING AND CREATIVE WRITING 

Lucid dreams occur when individuals realize they are dreaming, enabling them to 

actively engage with and alter their dream scenarios. Throughout history, various writers, 

including Stephen King, William Blake, Paul McCartney, and Salvador Dalí, have found 

inspiration in their dreams. Lucid dreamers can utilize their dream experiences to generate 

innovative ideas by consciously exploring imaginative worlds, encountering unique situations, 

and interacting with dream characters, which can serve as valuable sources of inspiration for 

creative work
11

. 

Writers can use lucid dreams to gain deeper insights into their characters' minds by 

embodying their perspectives, allowing them to understand their motivations, fears, and 

desires more intimately. This connection can lead to more authentic and multidimensional 

character portrayals in fiction. 

Lucid dreaming also offers writers the chance to experiment with different plot 

scenarios. Within the dream world, they can test alternative storylines, settings, and plot 

twists, which can result in unexpected narrative developments and creative breakthroughs. 

Roklicer
11

 discusses the relationship between lucid dreaming and creative writing, concluding 

that lucid dreaming can be a powerful tool for writers. It suggests that actively engaging with 

lucid dreams can help generate new ideas, develop plots and characters, and solve creative 

challenges, making lucid dreaming a practical technique for enhancing creativity across 

various fields. 

 

THE ROLE OF HYPNAGOGIC, PSYCHEDELIC STATES, LUCID DREAMS, AND 

HYPNAGOGIC HALLUCINATIONS IN CREATIVITY 

Gandy et al.
12

 investigate the potential of psychedelics as catalysts for scientific 

creativity and insight, drawing comparisons with the creative influences of dreams and 

hypnagogic states. They argue that these altered states share features that foster creativity, 

suggesting that psychedelics, in particular, may enhance scientific creativity through their 

unique neurophenomenological effects. The authors define creativity as the generation of 

novel and valuable ideas or objects, which is crucial across both scientific and artistic fields. 

In science, creativity is linked to problem-solving and hypothesis formulation, often resulting 

in significant discoveries. Cognitive processes associated with creativity include divergent 

thinking (generating multiple solutions) and convergent thinking (identifying a single 

solution), along with analytical and synthetic modes of thought. 
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Historical examples, such as August Kekulé's visualization of benzene's structure 

during a hypnagogic state and Dmitri Mendeleev's dream-inspired creation of the periodic 

table, demonstrate how altered states can facilitate scientific breakthroughs. These cases 

suggest that intense emotional engagement and sustained mental focus on a problem often 

precede such insights. Gandy et al.
12

 explore potential mechanisms through which 

psychedelics might enhance creativity, including increased brain hyperconnectivity, enhanced 

metacognitive awareness, sustained altered states, and greater trait openness. They advocate 

for further research into how these substances might best contribute to scientific creativity and 

insight, emphasizing the need for controlled studies in this area. Ultimately, Gandy et al.
 12

 

propose that psychedelics, like dreams and hypnagogic states, have the potential to augment 

scientific creativity and call for deeper exploration into their effects and applications in 

scientific contexts. 

Narcolepsy, particularly type 1 (NT1), is associated with frequent lucid dreams and 

hypnagogic hallucinations. Research suggests that these experiences can enhance creative 

performance and achievement, underscoring the connection between REM sleep phenomena 

and creativity. D'Anselmo et al.
 13

 examine the relationship between NT1 symptoms and 

creativity in narcoleptic patients. The results showed that spontaneous mind wandering, which 

is influenced by sleep paralysis and hypnagogic hallucinations, impacts creative achievement. 

Furthermore, sleep paralysis and hypnagogic hallucinations also affect creative achievement 

and performance indirectly by shaping an individual's creative identity. These findings imply 

that narcoleptic patients' perception of their creativity is closely linked to their experiences of 

hypnagogic hallucinations, highlighting the potential benefits of educating patients about their 

creative potential. 

In a related study, Rocha Neto et al.
14

 discuss the concept of Dream-Reality Confusion 

(DRC) in narcolepsy, where dreams are mistaken for real experiences, potentially leading to 

the misdiagnosis of psychiatric disorders. Narcoleptic patients often experience DRC due to 

their unique sleep-wake cycles and vivid dreaming patterns. Understanding DRC is essential 

for ensuring accurate diagnosis and treatment of narcoleptic patients, emphasizing the need 

for further research into the neural mechanisms underlying consciousness and perception. 

Collectively, these studies highlight the complex interplay between narcolepsy symptoms, 

particularly hypnagogic hallucinations and DRC, and their significant impact on creativity, 

identity, and accurate diagnosis within clinical settings. 
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HISTORICAL CASE STUDIES 

The role of dreams in sparking creativity and driving groundbreaking scientific 

discoveries is well-documented, as highlighted by Figure 2. German chemist Friedrich August 

Kekulé was confused by the structure of benzene in the middle of the 19th century. The 

hexagonal arrangement of carbon atoms eluded him until one night when he experienced a 

vivid dream of a snake biting its tail, forming a circular shape. This dream provided the 

insight that benzene's carbon atoms were arranged in a ring, not in a straight line. Kekulé’s 

dream-inspired revelation laid the foundation for organic chemistry and deepened our 

understanding of aromatic compounds. His discovery is a classic example of how dreams can 

lead to scientific breakthroughs, as he realized that benzene's structure was a closed ring of 

carbon atoms upon awakening
15

. 

Likewise, the periodic table's creator, Dmitrii Mendeleev, experienced a dream that 

sparked a revolution in science. After three days of intense work trying to organize the 

chemical elements, Mendeleev fell asleep and dreamt of a table where all the elements fell 

into place according to their atomic weights, with only one spot needing adjustment. Upon 

waking, he immediately wrote down the arrangement, which later became the periodic table. 

This dream-led breakthrough provided a systematic framework for understanding chemical 

properties and even predicted the existence of undiscovered elements, profoundly impacting 

chemistry
16

. 

Otto Loewi, an Austrian physiologist, worked to comprehend how nerve cells interact 

around the beginning of the 20th century.. Frustrated by his lack of progress, Loewi had a 

dream one night where he envisioned an experiment with two beakers—one containing a frog 

heart extract and the other a saline solution. In his dream, he transferred fluid between the 

beakers. Upon waking, Loewi repeated the experiment, which confirmed his dream's insight: 

neurotransmission occurs through chemical signals, later identified as acetylcholine. This 

dream-inspired discovery was crucial in shaping our understanding of synaptic 

transmission
17,18

. 

These historical examples underscore the profound influence dreams can have on 

scientific discoveries, highlighting the essential roles of creativity, intuition, and imagination 

alongside rigorous analysis and experimentation. Dreams, as Deperrois et al.
15

 discuss, may 

be fueled by an adversarial process during REM sleep, where the brain generates realistic and 

creative scenarios. They illustrate this concept by referencing Kekulé's discovery of benzene’s 

structure, proposing that dreams can combine seemingly unrelated concepts, such as the 
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ouroboros symbol and the hexane molecule, to form novel ideas. The authors suggest that this 

process involves the brain's adversarial learning mechanism, which randomly replays 

memories from the hippocampus in high-level brain areas during REM sleep. The dream then 

generates a "dreamed molecule" with cyclic aspects like the ouroboros, which is tested against 

known chemical properties to ensure its realism and potential existence. 

Not all creative combinations from dreams are useful, but their value is determined by 

their compatibility with the external world. The insights provided by adversarial dreaming 

suggest that dreaming plays a significant role in creative problem-solving and idea generation. 

These historical examples serve as a reminder of the power of dreams in driving scientific 

innovation and encourage the possibility that the next vivid dream could unveil a solution to 

an unsolved problem. 

 

Figure  2 - From Dream to Discovery: The Power of Inspiration in Scientific Breakthroughs. Images 

and biographical data retrieved from Wikipedia 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Friedrich August Kekulé 
(1829-1896)  

•Struggling to understand 
the structure of benzene  

•Dream of snake biting its 
own tail, forming a circular 
shape  

•Realized benzene's ring 
structure upon waking  

Dmitri Ivanovic Mendeleev 
(1834-1907)  

•Exhausted from organizing 
chemical elements  

•Dreamt of a table where all 
elements fell into place  

•Woke up and wrote down 
the arrangement  

Otto Loewi (1873-1961) 

•Seeking to understand cell 
communication  

•Dreamt of experiment with 
frog heart extract and 
saline 

•Woke up and repeated the 
experiment 

•Confirmed dream's result: 
neurotransmission occurs 
through chemical signals  
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THE ROLE OF DREAMS IN SCIENTIFIC CREATIVITY 

The connection between the remarkable insights of Otto Loewi, Dmitrii Mendeleev, 

and August Kekulé and the neurobiological foundations of creativity is evident in how their 

scientific breakthroughs were inspired by altered states of consciousness, specifically dreams 

and hypnagogic states. Hypnagogic states, the transitional period between wakefulness and 

sleep, are a rich source of scientific insights. For example, August Kekulé’s vision of a snake 

biting its tail led to his discovery of the ring structure of benzene, illustrating how these 

transitional states can foster creative connections. Similarly, lucid dreaming, where the 

dreamer is aware of their dreaming state, has been demonstrated to enhance creativity by 

providing direct experiences and facilitating the development of plots and characters in 

writing. This technique highlights the practical applications of dreams in artistic creativity, 

which can also extend to scientific innovation. 

Kapsi et al.
19

 explore the complex relationship between sleep and cognitive functions, 

noting that different sleep stages, such as NREM and REM, contribute uniquely to memory 

consolidation and cognitive processes. NREM sleep is linked to the enhancement of 

declarative memory, while REM sleep is associated with procedural memory improvement 

and is crucial for problem-solving and creativity. The authors discuss various methods, such 

as Target Memory Reactivation (TMR) and Transcranial Direct Current Stimulation (tDCS), 

used during sleep stages to enhance cognitive abilities. Hypnopaedia, or learning during sleep, 

is also considered for its potential to accelerate learning and cognitive development. The 

review underscores the need for further research to refine learning environments and 

interventions tailored to different sleep stages and individual needs. 

During REM sleep, memory consolidation integrates new information into existing 

neural networks, fostering the synthesis of novel ideas and insights. Loewi’s dream, which led 

to his groundbreaking experiment on nerve signaling, exemplifies this process, where his 

subconscious mind utilized his knowledge to generate a novel idea. The activation of 

emotional centers during dreams adds depth and significance to the creative process. 

Mendeleev’s dream of a table organizing chemical elements may have been influenced by the 

emotional fulfillment or excitement of discovering a solution, as emotions play a crucial role 

in creative thinking. 

Reduced activity in the prefrontal cortex during dreaming allows for a release of 

inhibitions, promoting uninhibited exploration and experimentation. Kekulé’s dream of a 

snake biting its tail, which led to the identification of benzene’s ring structure, can be seen as 
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a result of this uninhibited exploration, enabling him to make unconventional connections free 

from the constraints of waking logic. Hypnagogic states and psychedelic experiences are 

marked by heightened brain connectivity, which supports meta-cognitive awareness and fluid 

thinking. This enhanced connectivity facilitates the generation of novel associations and 

insights, mirroring the spontaneous nature of dreams. The experiences of Loewi, Mendeleev, 

and Kekulé exemplify this enhanced connectivity, allowing them to achieve significant 

creative breakthroughs. 

In summary, the neurobiological mechanisms underlying dreaming—such as memory 

consolidation, emotional processing, reduced inhibition, and brain hyperconnectivity—create 

a fertile environment for creativity. These processes help explain how the altered states of 

consciousness experienced by Loewi, Mendeleev, and Kekulé led to their notable scientific 

discoveries. 

 

CONCLUSION   

This exploration highlights the significant role dreams and altered states of 

consciousness play in driving scientific creativity and innovation. Historical cases such as 

Kekulé, Mendeleev, and Loewi illustrate the profound impact of dreams on their scientific 

breakthroughs, underlining the necessity of examining this relationship in contemporary 

scientific discourse. Furthermore, the unique experiences associated with narcolepsy and 

psychedelics offer insights into the neural mechanisms that support creative thought. While 

limitations in empirical evidence and methodological approaches persist, future research 

avenues should aim to clarify the complex interplay between sleep, consciousness, and 

creativity. By advancing our understanding of how dreams can facilitate scientific insights, 

we can cultivate innovative strategies across various disciplines, tapping into the 

subconscious potential of dreaming to inspire the next wave of scientific discovery. 

Embracing the transformative power of dreams can ultimately deepen our appreciation of the 

interconnectedness of human cognition in the pursuit of knowledge and creativity. 
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