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Abstract
Creativity, that is the creation of ideas or objects considered both novel and valuable, is among the most important and

highly valued of human traits, and a fundamental aspect of the sciences. Dreams and hypnagogic states have been highly

influential in promoting scientific creativity and insight, contributing to some important scientific breakthroughs.

Phenomenologically, the latter states of consciousness share a great deal of overlap with the psychedelic state, which

has also been associated with facilitating scientific creativity on occasion. The current article proposes that the dream,

hypnagogic and psychedelic states share common features that make them conducive to supporting some aspects of sci-

entific creativity and examines the putative underlying neurophenomenological and cognitive processes involved. In add-

ition, some notable occurrences of scientific insights that have emerged from these types of altered states are reviewed

and shared common features are presented, providing a ground for future research. The psychedelic state may have its

own characteristic features making it amenable to creativity enhancement, such as brain hyperconnectivity, meta-cognitive

awareness, access to a more dependable and sustained altered state experience, and potential for eliciting sustained shifts

in trait openness. The contextual factors which may contribute to enhancement of scientific creativity and insight will be

evaluated. While research in this area is limited, further work to elucidate how psychedelics may best contribute to sci-

entific creativity enhancement is warranted.

Introduction
“The most beautiful experience we can have is the mysteri-
ous. It is the fundamental emotion that stands at the cradle
of true art and true science. Whoever does not know it and
can no longer wonder, no longer marvel, is as good as
dead, and his eyes are dimmed.”

- Albert Einstein

Aspects of creative thinking
Creativity is considered one of the most important and
valued human traits (Andreasen, 2011). It is a ubiquitous
and essential form of cognition linked to all areas of our
everyday lives, allowing us to adapt to an ever-changing
environment and come up with ways to solve problems
(Kim & Pierce, 2013). While creativity is difficult to both
define and measure (Barbot, 2019; Kaufman et al., 2012),
it is considered a multidimensional domain (Chambers,
1969, Csikszentmihalyi, 1999), meaning a reliance on a
single instrument or analytical approach will be unable to
comprehensively capture its complex and multifaceted
nature (Kerr & Gagliardi, 2003). It is a fundamental
aspect of the sciences (Langley et al., 1987; McCrae,
1987), playing a pivotal role in important scientific discov-
eries (Li et al., 2015). Creativity has been defined as the
“production of an idea, act or object that is both original

and valued” (Csikszentmihalyi, 1999), with a number of
different investigators converging on a definition of creativ-
ity as “the production of effective novelty” (see Aldous,
2007; Grosul & Feist, 2014; Plucker et al., 2004). This def-
inition has also been applied to creativity in a scientific
context (Diedrich et al., 2015; Runco & Jaeger, 2012). A
creative idea cannot be generated by the generic rules
applied to formulating a familiar idea, suggestive that cre-
ativity hinges on a conceptual shift in thinking (Boden,
2004), with novelty of ideas being particularly important
(Diedrich et al., 2015). While scientific and artistic creativ-
ity overlap, scientific creativity tends to encompass the cap-
acity to solve problems and formulate hypotheses, often
involving an expansion of knowledge in a given domain,
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whereas artistic creativity tends to be more concerned with
the generation of new representations of life or feelings
(Aldous, 2007; Liang, 2002), or actions and ideas that
seek to transform the thoughts, principals and materials of
the artist and their audience (Lehmann & Gaskins, 2019).
In addition, there is a tendency for scientific creativity to
be more externally focussed and applied, whereas artistic
creativity may be more introspectively orientated (Feist,
1999). Scientific creativity is broadly relevant across the
sciences, being “not limited to the natural and biological
sciences but included in the social sciences (i.e. anthropol-
ogy, psychology, sociology), invention, engineering and
mathematics” (Feist, 1998, p. 294).

Fluid and flexible cognitive processes are considered to
be fundamental to problem solving and creative ability
(Walker et al., 2002), and these may encompass features
such as retrospective and forward thinking, while contem-
plating options in the present moment, or what those
options might be under differing scenarios. Such a
dynamic mind state that shifts between different modes of
thought is a key aspect of creative thinking (Girn et al.,
2020). These distinct modes of thought include divergent
thinking (associated with the process of generating multiple
potential solutions to a problem) and convergent thinking
(associated with the process of coming up with a single con-
crete solution to a problem). Creative thought has also been
conceptualised as analytical and synthetic thinking.
Analytical thinking is associated with breaking down a
concept into its component parts while systematically
seeking a single viable solution to a problem, while reject-
ing inadequate ideas, with the thought process occurring in
incremental stages (Ericsson & Simon, 1993; Kounios
et al., 2008). Synthetic thinking is a more dynamic
thought process, associated with combining multiple com-
ponents into a coherent whole, and seeking patterns
across these component parts. Analytical and synthetic
thinking can be considered analogous to primary and sec-
ondary process thinking (Feist, 1991). Synthetic thinking
has been associated with the occurrence of sudden
insight, characterised by “a mental restructuring of acquired
information, from which new explicit knowledge can be
drawn” (Craig et al., 2018) and through which “previously
unseen and unexpected connections suddenly reveal them-
selves to the mind” (Langley et al., 1987). A plastic mind
state and a tension within knowledge structures have been
proposed to be common prerequisites of insight generation
(Tulver et al., 2021). Breakthroughs in science often occur
when a novel connection is made between existing concepts
previously perceived as being distinct or isolated (Scheffer
et al., 2015). Examples include Albert Einstein’s theory of
general relativity, which demonstrated the intimate link
between gravity, space and time (Einstein 1915a, 1915b), or
James Clerk Maxwell’s classical theory of electromagnetic
radiation, which unified light, electricity and magnetism as
manifestations of the same phenomenon (Maxwell, 1873).

The creative process has been defined as occurring in
distinct phases, including preparation, incubation, illumin-
ation and verification (Wallas, 1926; see also Murphy,
1958). Imagination is considered an important aspect of cre-
ativity (Daniels-McGhee & Davis, 1994; French, 2020),
considered vital for scientific inquiry and research by
highly influential scientific figures such as Albert Einstein
(Einstein, 1931, p. 46). Inspiration also constitutes an occa-
sionally overlooked aspect of creativity (Oleynick et al.,
2014). The creative process has been linked to accessing
unconscious states rather than being limited to conscious
thought, such as during reveries when the mind is more
likely to wander freely and fluidly and without censorship
(Andreasen, 2011). Physicist Arkady Migdal described
the creative state as a liminal one “where consciousness
and unconsciousness mix, when conscious reasoning con-
tinues in sleep, and subconscious work is done in
waking” (Moss, 2014, p. 142). The use of mental visualisa-
tion and imagery is considered a key aspect of creativity by
numerous scientific luminaries (LeBoutillier & Marks,
2003; Polland, 1996; Walkup, 1965). Imagery-based and
visualisation approaches may confer benefits to the creative
process, by transcending the limitations and structures
imposed by language and traditional ways of thinking.
The relation of imagery to external sources may also
harbour interactions and interrelations not fully supported
by language, and imagery may be more sensitive to intu-
ition and manipulation (Intons-Peterson, 1993). The
process of mind wandering has been associated with break-
ing fixation (the process of cycling back to old ideas when
seeking new ones) (Chou & Tversky, 2020) and promoting
insight generation (Zedelius & Schooler, 2016). Mind wan-
dering has also been conceptualised as fluid thinking which
has been associated with greater potential for creative
problem solving during the incubation phase of the creative
process (Baird et al., 2012). It has been argued that the
sciences may benefit from greater application of this mind
state creatively (Scheffer, 2014; Scheffer et al., 2015),
and greater creativity more broadly (Craig, 1990), and
that facilitating insight and generation of new ideas could
aid scientific advancement (East & Ang, 2021).

Altered states and creativity
Increasing evidence suggests that altered states of con-
sciousness are associated with both positive and negative
effects on components of creative performance
(Prochazkova & Hommel, 2020). A dosage of 50 ug LSD
has been found to enhance mind wandering (Wießner
et al., 2021a). Mind wandering is inversely correlated
with mindful awareness, which tends to be associated
with analytical thinking (Zedelius & Schooler, 2015,
2016). This suggests that while there may be gains in
some forms of creative thinking under a psychedelic,
there are likely to be accompanying deficits in analytical
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thinking. This suggests that the psychedelic state may con-
tribute to aspects of creative generation, but not to creative
evaluation (Girn et al., 2020; Wießner et al., 2021b). The
illumination phase of the creative process is associated
with loose, freely associative and non-logical thought and
highly subjective ideation or primary process thinking,
this being a shared feature of the psychedelic
(Kraehenmann et al., 2017), dream (Livingston & Levin,
1991) and hypnagogic (Mavromatis, 1987) states. Mental
imagery (Polland, 1996), dreams (Krippner & Hughes,
1970) and psychedelics (Harman et al., 1966) have all
been associated with catalysing scientific insight at the illu-
mination stage (also referred to as the ‘eureka’ phase, where
creative ideas may spontaneously flash into vision).

While rigorous research on psychedelics and creativity is
still scarce, the problem solving capacity of psychedelics
has been used in traditional indigenous contexts (Rubel &
Gettelfinger-Krejci, 1976; Winkelman, 2019). The
problem solving potential of the dream state has been
long recognised and cultivated via dream incubation prac-
tices by a variety of cultures for millenia (Nielsen, 1988),
and acknowledged scientifically for over a century
(Barrett, 2020). Dreams (Barrett, 1993; Schatzman, 1984;
White & Taytroe, 2003) and lucid dreams (Stumbrys &
Daniels, 2010) have been associated with enhancing
problem solving ability through their ability to generate
insights. Dream processes are more likely to be engaged
to solve emotionally relevant problems as opposed to the
abstract puzzle designs used in some studies (Barrett,
1993; Schatzman, 1984) and creative problem solving
dreams tend to occur following extensive work on a
problem while awake (Barrett, 2001a). Similarly, an early
study assessing the effects of LSD on creative thinking con-
cluded that it “would only be likely to enhance creative
thought in those individuals who were meaningfully
engaged in some specific interest or problem” (Zegans
et al., 1967). While research examining the creativity
enhancing potential of the hypnagogic state is lacking,
one study found that hypnagogia almost tripled the
chances of participants solving mathematical problems
(administered without them knowing a hidden rule which
would allow for them to be solved almost instantly) in com-
parison to the equivalent time period spent on the task while
awake (Lacaux et al., 2021).

Overlap between psychedelic, dream and hypnagogic
states
The neurophenomenological similarity shared by the dream
and psychedelic state has long been acknowledged
(Fischman, 1983; Jacobs, 1978), and supported by recent
research (Carhart-Harris & Nutt, 2014; Kraehenmann,
2017; Sanz et al., 2018). This supports the notion that psy-
chedelics acutely induce dreamlike subjective experiences
(Kraehenmann, 2017), with both states featuring the

emergence of unconscious material into consciousness
(Carhart-Harris, 2007). Psychedelic states are considered
particularly similar to lucid dreaming due to the clarity of
consciousness (encompassing a clarity of emotional and
intellectual capacities and a remembrance of current and
past circumstances) and capacity for meta-cognitive aware-
ness associated with both (Kraehenmann, 2017; Sanz et al.,
2018), this being characterised by a mixed state of dreaming
and waking consciousness (Voss et al., 2009). The dream,
hypnagogic and psychedelic states are associated with
enhanced capacity for mental imagery and visualisation
(Kraehenmann, 2017; Mavromatis, 1987) and all are asso-
ciated with more fluid, unconstrained, imagistic and hyper-
associative states of consciousness (Girn et al., 2020;
Kraehenmann, 2017; Mavromatis, 1987; Tagliazucchi
et al., 2014). However, while recall of content from
dream and hypnagogic states can be harnessed with practice
or through the application of specific techniques (Lacaux
et al., 2021; Nielsen, 1992; Purcell et al., 1986), amnesia
is associated with both (Schacter, 1976; Waters et al.,
2016), which may make recall of insights challenging.
Amnesia may be less of an issue with low to medium
doses of psychedelics (Fadiman, 2011, p. 142).

It has been postulated that an important benefit distin-
guishing hypnagogia over dreaming for problem solving
is the capacity for hallucinatory images to be critically
examined before the eyes (Barrett, 2001b). This is a
quality shared with the psychedelic state, with the similar-
ities in visual qualities of both states long recognised
(Klüver, 1942; Mitchell, 1896; Ardis & Mckellar, 1956).
Hypnagogia can be considered a hybrid semi-lucid state,
where an individual’s awareness is decoupled from their
external environment, where the mind is liable to freely
wander but logical ability to identify creative insight is
retained (Horowitz, 2019). This shares overlap with the
psychedelic state, which is typically associated with meta-
cognitive awareness, where one is aware they are under
the influence of a drug, and they are more grounded in
the external world (Kraehenmann, 2017). However, psy-
chedelics may provide access to a more reliable and sus-
tained altered state than hypnagogia, which tends to be
transient and fleeting (Lacaux et al., 2021; Waters et al.,
2016). In the non-lucid dream state, the dreamer is cut off
from reality (Waters et al., 2016) and there tends to be a
lack of contextual awareness of where one is and what
one is doing, with events and characters taken for real
(Nir & Tononi, 2010), a feature shared by intoxication
with deliriant tropane alkaloids (Sanz et al., 2018). Aside
from dream and hypnagogic states, there is increasing evi-
dence to demonstrate overlap between the phenomenology
and neurophysiology of psychedelics with meditation prac-
tices (Millière et al., 2018), as well as synergy between
them (Gandy, 2022). Meditation practices may be a worth-
while additional avenue to explore with regard to cultiva-
tion of creative thinking (Henriksen et al. 2020),
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potentially contributing to creative incubation and illumin-
ation (Horan, 2009). Mindfulness meditation practice has
been demonstrated to reduce cognitive rigidity, reducing
likelihood of being creatively blinded by prior preconcep-
tions and experiences (Greenberg et al., 2012), while pro-
moting divergent (Berkovich-Ohana et al., 2017; Colzato
et al., 2012) and insight (Ostafin & Kassman, 2012)
thinking.

Contribution of altered states to scientific
creativity
Dreams and hypnagogic states (Barrett, 2001a; Polland,
1996; Mazzarello, 2000), and psychedelic experiences
(Harman et al., 1966; Stafford & Golightly, 1967) have
been associated with enhanced creative problem
solving ability and catalysing scientific creativity and
insight on occasion, contributing to some important sci-
entific breakthroughs (see Table 1). Some scientists
may be predisposed towards having dreams that catalyse
insight. One survey study looking at exceptional human
experiences among scientists and engineers in compari-
son to the general population found that scientists
scored significantly higher on some items assessing
aspects of their dream lives, including the item
“Received important information through your dreams”
(Wahbeh et al., 2018).

Dreams were highly influential to the thinking of René
Descartes, and his insights contributed to the development
of the natural sciences and the foundation of the modern sci-
entific method (Davis & Hersh, 1986; Withers, 2008). A
dream is thought to have been pivotal in Russian chemist
Dmitri Mendeleev’s conception of the periodic table of
chemical elements; described as chemistry’s most import-
ant breakthrough (Rouvray, 1994). According to his close
friend A. A. Inostrantzev, he went three days and nights
without sleep while working on it, before finally falling
asleep with extreme fatigue. He was quoted by
Inostrantzev as saying: “I saw in a dream a table where
all the elements fell into place as required… only in one
place did a correction later seem necessary.” (Sharpe,
1967). Dreams also played a role in Nobel Prize winning
chemist Alfred Werner’s important contribution to the
field of inorganic chemistry (Berl, 1942; Kauffman, 1968)
and Nobel Prize winning pharmacologist and psychobiolo-
gist Otto Loewi’s work (Loewi, 1960; McCoy & Tan,
2014) which would constitute a very important step
towards establishing the field of neuroscience.
Hypnagogic states have also been important sources of sci-
entific insight. Chemist August Kekulé was struggling to
ascertain the chemical structure of benzene and perceived
a hypnagogic vision of atoms forming the image of a
snake with a tail in its mouth. He strongly felt this vision
was of the cyclic molecular structure of benzene
(Rothenberg, 1995; Strunz, 1993) which was subsequently

verified (Lonsdale, 1929; 1931). Within a generation
Kekulé’s theory had been described as the “most brilliant
piece of scientific prediction to be found in the whole of
organic chemistry”, and that “three-fourths of modern
organic chemistry is, directly or indirectly, the product of
this theory” (Japp, 1898). It is noteworthy that in these
aforementioned cases and others detailed in Table 1, the
individuals in question tended to be deeply emotionally
engaged with their respective subjects, in many cases
having exerted extensive mental focus and effort on their
subject or unable to make progress when their breakthrough
insight experience occurred (Barrett, 2001a).

Contribution of psychedelics to scientific creativity,
insight and inspiration
Psychedelics have contributed to catalysing scientific
insight in a number of domains. British pharmacologist
Sir John Gaddum self-experimented with LSD (having
noted the similarity in chemical structure between it and
serotonin) to study its effects in the first-person (Green,
2008). He postulated that the compound induced effects
by blocking the stimulating effects of serotonin, and he
was the first scientist to postulate that serotonin might
play a role in mood regulation (Gaddum, 1953, 1957).
This was an important contribution to the emerging field
of psychopharmacology at the time. Psychedelics have
also been credited with catalysing insights in the fields of
neurology (Lees, 2019), mathematics (Abraham, 2008)
and theoretical physics (Higgins, 2018). LSD was utilised
as a creativity enhancing tool by the Berkley-based
Fundamental Fysiks Group, who helped revive interest in
Bell’s theorem, which was neglected by mainstream
physics at the time (Kaiser, 2012). Anthropologist Jeremy
Narby accompanied three molecular biologists to the
Amazon where they all participated in ayahuasca cere-
monies supervised by an indigenous shaman, with all
three scientists reporting that they felt they had obtained
visionary insight relating to their work perceived as being
useful and relevant, and all felt further research was war-
ranted (Narby, 2001, p. 301–305). The chemist and
pharmacologist Alexander Shulgin credits his first psyche-
delic experience with “unquestionably confirming the entire
direction” of his life (Shulgin & Shulgin, 1991, p. 16).
Self-experimentation with psychedelics by researchers
likely played an important and largely undocumented role
in the first wave of mainstream psychiatric research from
the 1950′s to the early 1970′s (Nielson & Guss, 2018;
Winkler & Csémy, 2014), and some modern researchers’
credit self-experimentation as being helpful for the develop-
ment of research questions pertaining to the psychological
effects of the substances (Nielson & Guss, 2018;
Forstmann & Sagioglou, 2021). While LSD has been cred-
ited with playing a role in the discovery of the structure of
DNA through self-experimentation by Francis Crick, its
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Table 1. Contributions of psychedelic, dream and hypnagogic states to catalysing scientific creativity and insight.

State Individual Scientific field and insight References

Dream Alfred Werner Chemistry; contributed to conception of coordination theory Berl, 1942; Ernst &

Berke, 2011

Dream Dmitri

Mendeleev

Chemistry; development of Periodic Table of the Elements Barrett, 2001a;

Sharpe, 1967

Dream Steven Barker Chemistry/Neurochemistry; childhood lucid dreams inspired career pursuing

research into psychedelic DMT

Crockett, 2012

Dream Alan Huang Computing (design); insight into lasers that assisted in design of laser computers Barrett, 2001c

Dream Stephen Bailey Computing (programming); assisted in creation of program allocating computer

memory for working with complex mathematical matrices

Barrett, 2001c

Dream Larry Page Computing (software development); contributed to the conception of Google

search engine

McPherson, 2010,

p. 27

Dream Paul Horowitz Engineering (optical); dreams assisted in optic and circuit assembly during

radio-telescope construction projects

Barrett, 2001c

Dream Don Newman Mathematics; overcoming a mathematical problem, which led to a publication Barrett, 2011, p. 27

Dream Srinivasa

Ramanujan

Mathematics; various, unspecified Kanigel, 1991,

p. 281

Dream Otto Loewi Neuroscience; inspired experiment demonstrating primary language of cell

communication was chemical rather than electrical

Loewi, 1953, 1960;

Mazzarello, 2000

Hypnagogic &

Dream

Louis Agassiz Paleontology; assisted in revealing the fossilised morphology of a fish Agassiz, 1855

Hypnagogic August Kekulé Chemistry; insights into carbon bonding in chemical structures and conception

of cyclic structure of benzene

Dayan, 2006;

Rothenberg,

1995; Strunz,

1993

Hypnagogic Thomas Edison Electrical engineering; creative inspiration and insight on inventions, unspecified Porterfield, 1941,

p. 94

Psychedelic John P. Allen Architecture (ecological); insights contributed to conception and construction

of Biosphere 2

Allen, 2009

Psychedelic Mark Van

Thillo

Architecture (ecological); insights into ecotechnology inspired work as manager

of the technical systems of Biosphere 2

Thillo, 2009

Psychedelic Kiyo Izumi Architecture (psychiatric); architectural redesign of a psychiatric hospital Izumi, 1970, pp.

381–397;

Stafford &

Golightly, 1967,

pp. 207–209

Psychedelic Kary Mullis Biochemistry; development of PCR Doyle, 2002; Mullis,

1997

Psychedelic Alexander

Shulgin

Chemistry/Pharmacology; self-experimentation inspired career involving

creation of 230 novel psychedelic and entactogenic compounds

Shulgin & Shulgin,

1991, p. 16

Psychedelic Steve Jobs Computing (design); inspired shift in creative focus (prioritising quality over

revenue generation)

Dormehl, 2012;

Markoff, 2005

Psychedelic Dennis Wier Computing (programming); assisted in development of compiler for an

application language known as MARLAN

Wier, 2008

Psychedelic Kevin Herbert Computing (programming); overcoming creative blocks and complex problems,

aiding in finding technical solutions

Reitman, 2008

Psychedelic Adam Wiggins Computing (software development); assisting in development of a cloud platform

service supporting several programming languages

Christiansen, 2017

Psychedelic John Busby Electrical engineering; helped overcome problem in pattern recognition

developing intelligence equipment for US Navy

Rosenfeld, 1966,

p. 30D

Psychedelic Ralph Abraham Mathematics; insights on understanding of chaos theory Abraham, 2008

Psychedelic Andrew Lees Neurology; insights into Parkinson’s disease research Lees, 2019

Psychedelic Kenneth Ring Psychology; insights led to research of near-death experiences Blackmore, 2020

Psychedelic John Gaddum Psychopharmacology; self-experimentation contributed to hypothesis that

serotonin might play a role in mood regulation

Green, 2008

Psychedelic Carlo Rovelli Theoretical physics; inspired career in physics, due to insights on the nature of

time: works in field of quantum gravity and a founder of loop quantum

gravity theory

Higgins, 2018
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role in the latter discovery was neither confirmed nor denied
by him, with it taking place in 1953, at a time when LSD
was rare and little known (Roberts, 2008).

American biochemist Kary Mullis considers his use of
LSD to have played an important role in his discovery of
a means to automate the polymerase chain reaction (PCR)
(Doyle, 2002), a breakthrough for which he was awarded
the Nobel Prize in Chemistry in 1993 (Shampo & Kyle,
2002). Notably, Mullis’s breakthrough came not while
under the influence of LSD, but subsequent to its usage,
suggesting a more enduring change in cognition or creativ-
ity, as suggested by some studies (Frecska et al., 2012;
Harman et al., 1966; Mason et al., 2019, 2021; Uthaug
et al., 2018).

In his own words:

“PCR’s another place where I was down there with the
molecules when I discovered it and I wasn’t stoned on
LSD, but my mind by then had learned how to get down
there. I could sit on a DNA molecule and watch the poly-
merase go by…I’ve learned that partially I would think,
and this is again my opinion, through psychedelic
drugs…if I had not taken LSD ever would I have still
been in PCR? I don’t know, I doubt it, I seriously doubt
it.” (Mullis, 1997).

Psychedelics appear to have had a notable influence on
computing, credited with enhancing creativity and contrib-
uting to computer programming (Reitman, 2008; Wier,
2008) and software development (Christiansen, 2017).
Noteworthy computing pioneer Douglas Engelbart was
administered LSD as part of a study conducted by the
International Foundation of Advanced Study (IFAS) inves-
tigating how psychedelics might influence creativity. He
went on to introduce a score of major technical innovations,
including the computer mouse (Markoff, 2005). LSD has
been credited with contributing to the design of computer
circuit chips by early Silicon Valley computer engineers
before they could be designed on computers (Pollan,
2018, p. 182) and to the formation of quantum encryption,
helping ignite the multi-billion dollar research field of
quantum information science (Kaiser, 2012). Apple
founder Steve Jobs felt that LSD had played a pivotal and
transformative role in his life and work (Dormehl, 2012),
describing taking LSD “as one of the two or three most
important things he had done in his life” (Markoff, 2005).
It is possible that psychedelics have had more influence
on the field of computing than is currently publicly
known (Abraham, 2008; Reitman, 2008)

Although these anecdotes are not evidence that psyche-
delics systematically induce a state of heightened creativity
conducive to scientific insight, they seem to indicate that,
under certain circumstances, they can. In light of this, it is
important to acknowledge the selection bias inherent in
these accounts, through selecting cases where these

altered states contributed to creative scientific insight.
However it should be noted that dreams often go unreported
(Nir & Tononi, 2010), and it is possible that psychedelic
usage by scientists is underreported, due to valid concerns
over potential repercussions to personal and professional
lives if illicit usage is revealed (Fadiman, 2011, p. 117;
Love, 2019; Nutt, 2012, p. 258). Certainly this applies
within the psychedelic research field itself (Forstmann &
Sagioglou, 2021).

Research on psychedelics and scientific creativity
A noteworthy seminal pilot study conducted by Harman
and colleagues looked at the effect of a psychedelic on cre-
ative problem solving. The researchers took care to select
27 individuals engaged in creative work (including engin-
eering, physics, theoretical mathematics, architecture, com-
mercial art and furniture design). This study is notable in
that participants were not solely assessed via psychometric
tests, but also worked on genuine work-related creative
issues they were trying to solve. They had a pre-drug
session where they were encouraged to select problems of
professional concern where creative solutions were
needed (with a number of participants having worked for
weeks or months on problems without a satisfactory solu-
tion). They were positively primed for the experience by
being instructed that the drug would help enhance their cre-
ativity and assist them in their work and that they would
experience few if any distractions or personal emotional
states, and that the experience could be directed as desired.

Participants were administered 200 mg of mescaline sul-
phate (a relatively low dose, similar to 50 µg LSD; Baggot,
2015) and were encouraged to work in groups and as indi-
viduals to engage with their creative problem task.
Psychometric tests assessing creativity were used pre,
during and post session, and qualitative assessments per-
formed at one week post session, with a follow up con-
ducted with 16 participants 6–8 weeks post experience.
All study participants displayed enhanced abilities on all
tests during the session, and around half subjectively
reported that their creative ability to solve professional pro-
blems had been enhanced and that they had accomplished
more than on a typical workday. Around 20% of partici-
pants reported being unable to concentrate on their creative
problem due to being distracted by personal concerns. Of
the subsample of 16 participants surveyed 6–8 weeks post
experience, around half continued to attribute a range of
benefits to the experience relating to their creative ability
and work performance, with no deficits reported.
Assessment of qualitative accounts revealed that all partici-
pants felt the drug had subjectively enhanced their creative
process, and revealed 11 core themes pertaining to
‘Strategies of Enhanced Functioning’. These included an
enhanced fluency and flexibility to ideas, superior visualis-
ing capacity, heightened motivation, empathy,
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concentration and access to the subconscious, reduced
inhibition and anxiety and an improved association of dis-
similar ideas and capacity to restructure problems in a
wider context (Harman et al., 1966; Fadiman, 2011).
Many participants attempted to find a creative solution to
more than one problem, and follow up assessments revealed
that 6 solutions were accepted for production or construc-
tion, 10 partial solutions were being developed or further
applied, and 20 new avenues for investigation were
opened up, with 4 reports of no solution obtained
(Fadiman, 2011, p. 132).

While this study’s findings are compelling and warrant
further research, it should be noted that this study was
severely limited through a lack of double blinding or
placebo control, and a lack of independent assessment of
creativity by experts. Given that psychedelics enhance sug-
gestibility (Carhart-Harris et al., 2015), it is unclear to what
extent the positive priming contributed to the results. In
addition, 8 participants had prior experience with psychede-
lics, and methamphetamine was also administered during the
psychedelic session day (Baggot, 2015). This was one of the
last legally sanctioned psychedelic studies of the 1960′s,
before all psychedelic research was shut down by the US
Food and Drug Administration (Fadiman, 2011, p. 185),
halting all scientific progress in this area for decades.

Effects of psychedelics on cognitive
processes relevant to creativity
Numerous early studies on psychedelics and creativity suf-
fered from methodological limitations (Iszáj et al., 2017;
Krippner, 1985), but tended to show a discrepancy
between subjective feelings of enhanced creativity and
external assessment of creative ability (Baggott, 2015).
This is possibly due to changes in affect and meaning attri-
bution associated with their effects (Girn et al., 2020;
Griffiths et al., 2008; Hartogsohn, 2018). Research suggests
that psychedelics can alter aspects of cognition and subject-
ive experience that may modulate some aspects of creative
thinking rather than playing a generalised role in enhancing
creativity (Girn et al., 2020). They have been associated
with eliciting a state of ‘unconstrained’ cognition (Girn
et al., 2020) and generating ‘loosened cognition’ in the
mid to long term (Carhart-Harris et al., 2016a).

The hyperassociative nature of the psychedelic state is
likely an important aspect of its creativity enhancing poten-
tial, and this shift in mind state is supported by a number of
studies, one demonstrating that psilocybin can affect
semantic processing, leading to an increased availability
of free associations (Spitzer et al., 1996), where a thought
or image may spontaneously suggest another despite
lacking a logical connection. LSD can also increase seman-
tic network activation and enhance associative thinking,
fostering unusual and unconstrained forms of thought
(Family et al., 2016; Wießner et al., 2021a). A further

study with ayahuasca adds further support for the enhance-
ment of associative thinking associated with the psyche-
delic state, with an enhancement in divergent thinking
and a decrease in convergent thinking during the acute
effects of the brew reported (Kuypers et al., 2016).
Further research with LSD has suggested it can enhance
primary process thinking (Kraehenmann et al., 2017).
Consumption of psilocybin truffles has been found to
yield distinct effects on measures of creativity as part of
the acute and persisting effects of the substance, increasing
ratings of divergent thinking the morning following usage,
and enhancing convergent thinking a week following usage
(Mason et al., 2019). A moderate dose of psilocybin has
been associated with spontaneous creative insights, while
decreasing deliberate task-based creativity during the
acute experience, with an increase in the number of novel
ideas at seven days post experience reported (Mason
et al., 2021), while a moderate (50 µg) dose of LSD has
also been found to increase originality and novelty in think-
ing (Wießner et al., 2021b). One study reported an enhance-
ment of convergent thinking sustained for four weeks
following an ayahuasca experience (Uthaug et al., 2018)
while another assessed participants engaging in several aya-
huasca sessions in a ritual setting, and found that ayahuasca
users exhibited increased originality on a standardised test of
creative thinking, sustained at two week follow-up post
experience (Frecska et al., 2012). Naturalistic psychedelic
usage has been shown to have a robust association with
greater creative problem-solving ability (Sweat et al., 2016).

Preliminary research on psilocybin microdosing has sug-
gested that it may be associated with improvements in con-
vergent and divergent thinking performance, with one study
combining data from three double-blind placebo-controlled
longitudinal trials (controlling for expectation and demo-
graphic biases on psilocybin microdosing) reporting that
it increased originality and fluency of thinking, indicating
a higher quality of divergent answers than sober controls
(Prochazkova et al., 2021). Findings of a preliminary
study were suggestive that analytical thinking was
unaffected by psilocybin microdosing (Bălăet˛, 2022;
Prochazkova et al., 2018). Assorted scientific creatives
including software engineers, biologists and mathemati-
cians have claimed psychedelic microdosing can aid in
lateral thinking and accessing flow states (Solon, 2016).
A flow state is associated with full immersion and involve-
ment in an activity, with intense concentration and an ener-
gised focus and accompanying feelings of enjoyment. It
shares some phenomenological overlap with the psychedelic
state, including states of heightened absorption, reduction in
ego and time distortion (Nakamura & Csikszentmihalyi,
2014). Individuals who enjoy creative activities or those
deemed to be highly creative show a proclivity for seeking
out flow states (Gardner, 1988), and many scientists
mention flow as being important to their work, linking it to
performance enhancement (Csikszentmihalyi, 1990).
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Psychedelics and the mystical-type experiences they can
elicit have been associated with paradoxicality, where indi-
viduals report the experience or co-existence of normally
mutually exclusive states, concepts or feelings (Barrett &
Griffiths, 2018; Katz et al., 1968). This break down in divi-
sions and tendency to embrace oppositions may contribute
to creativity, it having been argued that the conception of
two or more opposites or antitheses or ‘janusian thinking’
can contribute to creative scientific thinking (Rothenberg,
1988). This has been linked to scientific thinking among a
range of Nobel Prize winning scientists (Rothenberg,
1996). Accounts by scientists who have undergone psyche-
delic sessions suggest that psychedelics can enhance
pluralistic perspectivism, where the scientist may
become their object of study, or seemingly perceive
from its perspective during the experience (Harman
et al., 1966; Narby, 2001, pp. 301–305; Sheldrake,
2021, p. 23), and in one notable case, following it
(Mullis, 1997). Such a shift in epistemological perspec-
tive is more aligned to a shamanic approach, which
emphasises subjectivity through subjectively becoming
that you wish to learn from, in contrast to the scientific
approach which is centered on a perspective of detached
objectivity (Luna, 2021, p. 5). By providing the potential
for a plurality of perspectives, the psychedelic state may
yield a fertile ground for the generation of new insights or
the perception of problems from new angles.

It is important to acknowledge that while there may be
gains in some aspects of creative thinking in the acute
phase of an altered state experience, there may also be
accompanying deficits indicated by a general decrease in
psychological performance when assessed by objective per-
formance measures (Prochazkova & Hommel, 2020;
Spitzer et al., 1996; Wießner et al., 2021b). Furthermore,
it should be highlighted that psychometric measures asses-
sing modes of creative thinking alone may be too specific to
accurately and comprehensively characterize the putatively
beneficial cognitive changes associated with psychedelic
usage (Baggot, 2015). In addition, it has been argued that
psychometric measures of divergent thinking fail to correl-
ate effectively with real-world performance (Okuda et al.,
1991).

Putative neurobiological mechanisms
Psychedelics appear to act by altering activity of the thal-
amus in the brain, which has been implicated in sensory
gating both internal and external information entering the
cortex, so the brain’s ability to filter or inhibit information
is impaired (Preller et al., 2019). This reduced thalamic cen-
sorship may provide a rich ground for new insights and per-
spectives, allowing greater access to unconscious material
that is more unprocessed, uncensored and unconstrained
(Girn et al., 2020). Psychedelics also elicit a brain state of
higher entropy, characterised by enhanced dynamic brain

activity that is more random and less predictable, and
make a greater repertoire of brain states available. This
more anarchic brain state, which has been conceptualised
as reduced reliance on prior beliefs and expectations and
increased richness of conscious experience in the
‘REBUS’ model (Relaxed beliefs under psychedelics -
Carhart-Harris & Friston, 2019), may be part of the mech-
anism underpinning changes in creative thought (Atasoy
et al., 2017; Carhart-Harris et al., 2014, Carhart-Harris &
Friston, 2019; Tagliazucchi et al., 2014). Preconceptions
may be a barrier to the creative process (Leski, 2015),
including in the sciences (Gell-Mann, 1995). It has been
argued that an open mind can come through a process of
unlearning, which eliminates preconceptions (Leski,
2015, p. 14), which in turn may liberate creative thinking
from the tendency to perceive more obvious associations,
a quality that psychedelics may amplify. However, the
loosening of prior assumptions and beliefs may also
result in a reduced ability to weigh the validity of an
idea against existing theories or concepts. Building on
the ‘REBUS’ model, another model has been proposed
to account for the difference between the effects of
large and small doses (ALBUS: Altered beliefs under
psychedelics). According to this theory, the relaxation
of prior beliefs may be more likely to occur with
medium to high doses of psychedelics, while low to
medium doses of psychedelics may strengthen rather
than relax beliefs (SEBUS: Strengthened beliefs under
psychedelics). Such an intensification of beliefs under
psychedelics has been proposed to potentially aid in
overcoming barriers to traditional thinking and facilitate
access to novel streams of imagination and territories of
inference space (Safron, 2022).

Another defining characteristic of the psychedelic brain
state is an increase in global connectivity, with enhanced
communication between different brain networks or
regions with a concomitant decrease of communication
within networks (Carhart-Harris et al., 2016b; Müller
et al., 2018; Tagliazucchi et al., 2016). Individuals posses-
sing high levels of scientific and artistic creativity have been
found to express higher whole-brain functional connectivity
between different brain networks (Beaty et al., 2018).
Changes in brain connectivity may partly underpin the
shifts in perspective and the less rigid and more uncon-
strained changes in creative thinking associated with the
psychedelic state (Sweat et al., 2016; Tagliazucchi et al.,
2014). An account of computer programmer Kevin
Herbert who found LSD to be a useful adjunct to his
work alludes to this:

“It must be changing something about the internal commu-
nication in my brain. Whatever my inner process is that lets
me solve problems, it works differently, or maybe different
parts of my brain are used” (Wired, 2006).
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Post-acute effects of psychedelics on
personality and implications for creativity
and cognition
Psychedelics may yield more enduring effects to creativity
and cognition. They have been shown to increase the per-
sonality traits openness to experience and absorption in
an enduring way (Barrett et al., 2020; Erritzoe et al.,
2018; Lebedev et al., 2016; Madsen et al., 2020;
MacLean et al., 2011; Netzband et al., 2020). Openness
has a positive association with cognitive ability, fluid intel-
ligence (associated with the ability to think abstractly and
solve problems) and permeability to new ideas and experi-
ences (Austin et al., 2002; DeYoung et al., 2005; Moutafi
et al., 2003; Rammstedt et al. 2016; Zeidner & Matthews,
2000). It has been associated with ‘need for cognition’
(Fleischhauer et al., 2010), a motivational tendency to
think about ideas, scrutinize information and enjoy
solving puzzles, which is tied to intellectual engagement
(Rocklin, 1994). It is also related to imagination, intellec-
tual curiosity and increased hunger for knowledge
(McCrae & Costa, 1987), and it has been positively asso-
ciated with giftedness, distinct from the other major person-
ality traits (Ogurlu & Özbey, 2021). Openness has been
linked to an interest in science (Feist, 2006), with previous
studies reporting that scientists tend to rate higher in open-
ness than non-scientists (Lounsbury et al., 2012; McCrae,
1987). It is strongly associated with creativity (Li et al.,
2015; Silvia et al., 2009), being a better predictor of creative
performance, creative achievement or creative self-beliefs
than the other personality traits (Vartanian et al., 2018)
and is the personality trait most strongly associated with sci-
entific creativity (Feist, 1998; Grosul & Feist, 2014).
Related to openness is absorption (Radtke & Stam, 1991),
which is also linked to creativity (Manmiller et al., 2005;
Tanggaard, 2019), and associated with flow states
(Csikszentmihalyi, 1990; Nakamura & Csikszentmihalyi,
2009).

The conditions under which psychedelics
experiences may be conducive of scientific
creativity
Careful attention given to the set and setting is important to
cultivate the characteristics which may contribute to posi-
tive effects of psychedelics when used in an applied
context with the intent to enhance scientific creativity,
while minimising those characteristics which may hinder
such positive effects when used in this capacity (Harman
et al., 1966). The appropriate mental set may be a particu-
larly important factor when using psychedelics in a
problem-solving capacity (Fadiman, 2011, p. 137).
Inferring from the Harman et al. (1966) study, and cases
of dream and hypnagogic-inspired scientific insight
(Barrett, 2001a), psychedelics are likely to be best used in

the context of meaningful and emotional engagement and
involvement with creative tasks and when prior in-depth
focus and effort has already been exerted on the subject
in question, or when a creative block is hampering progress.
Intent has been found to be a key determinant of the out-
comes of psychedelic experiences (Carhart-Harris et al.,
2018; Haijen et al., 2018; Metzner & Leary, 1967), and
entering into the experience with the prior motivation and
intent to harness the creativity enhancing potential of the
psychedelic state is likely an important aspect of their suc-
cessful application. Participants in the latter study were
encouraged to relax and quietly listen to music for the
first three hours of their psychedelic session and to “turn
off” their analytical faculties and allow the experience to
unfold as it will without attempting to control it. The
setting should be comfortable and non-clinical to facilitate
an atmosphere of psychological safety and freedom, and
various means for participants to record notes or sketches
should be provided (Fadiman, 2011, p. 139; Harman
et al., 1966). Facilitators present can help ensure feelings
of safety and promote focus among session participants
(Fadiman, 2011, p. 140–141). Dosage of psychedelic is
also likely an important factor. Low to moderate doses
may promote an advantageous loosening of higher order
cognitive functions and inhibitions, enhancement of visual-
isation skills, and access to the subconscious, coupled with
some level of cognitive control where the ability to judge
the validity and usefulness of novel ideas is retained.
According to the recently proposed ALBUS model, this
dosage range may allow for “overcoming barriers to break-
ing typical frames and engaging in non-traditional divergent
thinking, so allowing novel streams of imagination to be
considered” (Safron, 2022, p. 22). While more conducive
of the generation of deep existential insights, the higher
dosages used in modern clinical studies may impair cogni-
tive processing (Wießner et al., 2021b) and yield effects
likely to be too distracting for this applied context.

Future research avenues
The multidimensional nature of creativity and the qualita-
tive study findings by Harman et al. (1966) indicate that
relying on psychometric measures or quantitative scales
alone for assessing the contribution of psychedelics to sci-
entific creativity is likely to yield highly limited resolution
into how they may impart benefits to the creative process,
and so fail to provide a fully comprehensive overview of
their potential. It is more likely, as suggested by the afore-
mentioned study, that there are a number of potentially syn-
ergistic effects occurring concurrently that likely contribute
to this process beyond changes in creative thinking alone.
Inferring from the latter study’s findings, and the various
accounts of scientific dream-inspired insights, future con-
trolled research studies should seek to recruit scientists,
engineers and other scientific creatives who are actively
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engaged with working on applied creative tasks, particu-
larly those they might be struggling with. Independent
assessment of creativity by experts in the relevant
domains may enhance the strength of the findings,
helping safeguard against what has been referred to as the
‘illusion of insight’ (Love, 2019). Modern research has
picked up where Harman et al. (1966) left off, with a
study recently conducted assessing the effects of LSD on
the problem-solving abilities of scientists, engineers and
mathematicians (Sheldrake, 2021, p. 22), with results forth-
coming (Family et al., 2022; Hendricks et al., 2022). Future
studies could employ different dosing protocols and poten-
tially different psychedelics to examine their effects on cre-
ative thinking in greater depth.

Conclusion
Humanity is likely to face immense challenges in the decades
to come (Bradshaw et al., 2021). Scientific creativity, innov-
ation and problem solving will play a vital role in ensuring
we can meet these societal challenges (Ossola, 2014).
Given the centrality of science to human progress and well-
being, developing a scientific culture that consciously facili-
tates methods to catalyse creativity could potentially yield
wide-scale societal benefits. Ethnobotanist and psychedelic
advocate Terrence McKenna once said of the psychedelic
experience that “…the greatest good you can do is to bring
back a new idea, because our world is endangered by the
absence of good ideas” (Monteith, 2016), with psychedelics
having been proposed to act as ideagens (Roberts, 2019,
p. 24). Investigation of any potential avenues that may be
able to contribute to flexible thinking and help generate cre-
ative insight and new ideas should be considered a matter of
great importance. It has been argued that modern science has
systematically underestimated and neglected adventurous
and associative modes of thinking with an over emphasis
on analytical thinking (Scheffer, 2014). At a gathering of
his fellow scientists, reflecting on his seminal hypnagogic
insight, chemist August Kekulé is reputed to have said:
“Let us learn to dream, gentlemen, and then perhaps we
shall learn the truth… but let us beware of publishing our
dreams before they have been put to the proof by the
waking understanding.” (Japp, 1898). Kekule calls on his
fellow scientists to make better use of the dream and hypna-
gogic states, while highlighting the integral role analytical
thinking plays in vetting the quality of insights generated
through the more fluid and unconstrained thinking associated
with these altered states. The psychedelic state may yield
some of the same benefits as the dream and hypnagogic
states, but provide a more reliable way to access an altered
state, while also contributing distinct and unique qualities
to cognition and creative thinking. When used in an
applied context, with prior focus and emotional engagement
on a creative task, psychedelics may help stimulate some
aspects of scientific creativity and insight at the ‘illumination’

stage of the creative process, and further research to elucidate
this is warranted.

With the recent success of various local psychedelic
decriminalisation initiatives – including in Denver,
Washington D.C., and Seattle – as well as the progression
of psychedelic clinical trials into their latter phases, now
is the time for increased national and international policy
deliberations about the best way to regulate access to psy-
chedelics. Currently, national laws crudely schedule drugs
solely according to (often-outdated) perception of their
medical utility and harm. Under this framework, many of
the insights outlined in Table 1, including the Nobel
Prize-winning discovery of PCR, were partially if not
wholly dependent on criminalised activity. Alongside
their sincere use within a number of spiritual and religious
traditions, the potential of psychedelics as agents to support
creative thinking demonstrates the restrictiveness of a
‘health-only’ classification that fails to holistically consider
the breadth of risks and benefits of drug use.
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