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Abstract

Introduction Enhanced creativity is often cited as an effect of microdosing (taking repeated low doses of a psychedelic
drug). There have been recent efforts to validate the reported effects of microdosing, however creativity remains a difficult
construct to quantify.

Objectives The current study aimed to assess microdosing’s effects on creativity using a multimodal battery of tests as part
of a randomised controlled trial of microdosing lysergic acid diethylamide (LSD).

Methods FEighty healthy adult males were given 10 pg doses of LSD or placebo every third day for six weeks (14 total
doses). Creativity tasks were administered at a drug-free baseline session, at a first dosing session during the acute phase of
the drug’s effects, and in a drug-free final session following the six-week microdosing regimen. Creativity tasks were the
Alternate Uses Test (AUT), Remote Associates Task (RAT), Consensual Assessment Technique (CAT), and an Everyday
Problem-Solving Questionnaire (EPSQ).

Results No effect of drug by time was found on the AUT, RAT, CAT, or EPSQ. Baseline vocabulary skill had a significant
effect on AUT and RAT scores.

Conclusions Despite participants reporting feeling more creative on dose days, objective measurement found no acute or
durable effects of the microdosing protocol on creativity. Possible explanations of these null findings are that laboratory test-
ing conditions may negatively affect ability to detect naturalistic differences in creative performance, the tests available do
not capture the facets of creativity that are anecdotally affected by microdosing, or that reported enhancements of creativity
are placebo effects.

Keywords Creativity - Psychedelics - Microdosing divergent thinking - Convergent thinking - Lysergic acid
diethylamide
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very low doses of psychedelic drugs (Murphy et al. 2024b).
Enhanced creativity is often mentioned as a subjective effect
of microdosing protocols (Anderson et al. 2019a; Lea et al.
2019). This is consistent with the longstanding association
of psychedelic use with creative experiences and inspira-
tion (Fadiman 2011; Hofmann 1980; Sessa 2008). Despite
this, there have been limited attempts to measure creativ-
ity in clinical assessments of microdosing, and none have
found any significant effect on the measures used (Bershad
et al. 2019; Cavanna et al. 2022; Molla et al. 2023). How-
ever, creativity testing is contentious and assessments of the
kind used in these microdosing studies have been criticised
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elsewhere for a lack of construct validity and relevance to
wider creative processes (Amabile 1996; Kaufman et al.
2008; Zeng et al. 2011). There remains a need in the field
to determine whether this gap between subjective reports
and objective measures of creativity in the clinic is due to
placebo effects, or the complications in objectively measur-
ing such an elusive concept as creativity. The aim of the
present study is to address this gap by assessing creativity
a placebo-controlled microdosing study using a multimodal
battery of tests.

Indeed, in the field of creativity assessment there are
conflicting arguments as to how to define and test creativity
(Said-Metwaly et al. 2017). It is most commonly described
as the cognitive ability to produce ideas and physical prod-
ucts that are both original and effective (Guilford 1967;
Mednick 1962; Runco and Jaeger 2012). Within this defini-
tion, while both novelty and some degree of usefulness of
the output are required, it has been argued that novelty is the
primary factor, and that usefulness is secondary and only of
importance when outputs are highly novel (Diedrich et al.
2015). The relative weighting of these values in practise are
also context-dependant: an architect’s ideas would require
a high degree of functionality, but a painter may have little
interest in utility. The bipartite definition is mirrored in one
of the leading theories of the cognitive processes underlying
creativity: that there is a degree of unconstrained or ‘diver-
gent’ thinking which generates novel response to a given set
of conditions, accompanied by a process of constrained or
‘convergent’ thinking in which these responses are assessed
for their utility (Guilford 1967). As such, the dominant forms
of creativity testing broadly fall into the categories of (1)
divergent thinking tasks, (2) convergent thinking tasks, (3)
assessment by others, and (4) assessment by self (Kaufman
et al. 2008). The existence of dissociable cognitive states
involved in creative thinking have to some extent been vali-
dated by cognitive neuroscience, as performance of creative
tasks have been shown to be linked to an interplay between
the default mode network (DMN) and executive control
network (ECN) (Beaty et al. 2015; Ellamil et al. 2012; Liu
et al. 2015). The DMN is typically associated with genera-
tive thought such as mind wandering (Raichle et al. 2001),
and the ECN is typically more active during goal-oriented
tasks (Seeley et al. 2007). While the DMN and ECN are fre-
quently seen to be functionally distinct, their coupling dur-
ing creative tasks is theorised to be due to the dual process
of'idea generation and selection in divergent and convergent
thinking respectively (Beaty et al. 2016).

One framework for considering creative thought is the
Dynamic Frameworks of Thought (DFT) matrix (Christoff
et al. 2016; Girn et al. 2020). Within this matrix, mental
states can be located along axes of weak to strong deliberate
and autonomic constraints. The dual processes of creative
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thought can be described in this matrix as shifting between
periods of low and high constraints during spontaneous
and goal-directed thought in idea generation and evalua-
tion phases respectively. Within this framework, Girn et al.
(2020) describe psychedelic states as spontaneous thought
with low automatic and deliberate constraints, existing
in a continuum with mind wandering and dreaming. Full
dose psychedelic ‘trips’ tend to occasion visual hallucina-
tions, hyper-associative thinking, enhanced cognitive flex-
ibility, and altered meaning attribution and sense of self
(Carhart-Harris et al. 2012, 2016; Doss et al. 2021; Family
et al. 2016). Related to these perceptual effects, psychedelic
drugs have been theorised to enhance creativity via facilitat-
ing unconstrained idea generation, while in parallel imped-
ing the level of deliberate constraint necessary to execute
effective evaluation of these ideas (Sayali and Barrett 2023;
WieBner et al. 2022). Similar frameworks for understand-
ing psychedelics’ proposed creative effects have focused on
a trade-off between cognitive stability/persistence vs. flex-
ibility (Prochazkova and Hommel 2020; Sayali and Barrett
2023). A commonality in these frameworks is an emphasis
on unconstrained thought that is relatively free of top-down
cognitive control. The following will review what is known
about these processes from first the high and then low dose
studies of creativity under psychedelics.

Tests of the effects of full psychedelic doses on creativity
date back to the ‘first wave’ psychedelic research of the mid-
20th century (for review see: Fadiman 2011; Janiger and de
Rios 1989; Prochazkova and Hommel 2020; Sessa 2008).
However, their low rigour by contemporary standards (lack-
ing control groups, low sample size, lacking objective out-
come measures etc.) means that results should be interpreted
with caution. Preliminary creativity studies in the contem-
porary era of psychedelic research appear to show effects in
line with the DFT’s positioning of acute psychedelic states
as being conducive to generative, but not evaluative pro-
cesses of creativity (Girn et al. 2020). Consistent with the
idea of increased associativity, high doses of LSD has been
shown to increase the spread of semantic information that is
activated by a trigger stimuli (associative spread) (Family et
al. 2016). Indeed, another LSD study highlights that while
measures of novelty and originality (divergent thinking), and
symbolic thinking are enhanced, measures of organisation
and utility of ideas (convergent thinking) were decreased
(WieBner et al. 2022). This has also been reported with other
classic psychedelic compounds, a prospective trial of partic-
ipants before and during an ayahuasca ceremony found that
while one measure of divergent thinking was unchanged
during the acute phase of the drug, another was enhanced,
and that convergent thinking was decreased (Kuypers et al.
2016). The biological mechanism of psychedelics’ effects
on creativity has not been established, although altered
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dopaminergic signalling has been proposed as a plausible
candidate, which can account for both increased divergent
and decreased convergent thinking during the acute phase
(Sayal1 and Barrett 2023). Notably, psychedelic states are
characterised by increased between-network coupling of
typically functionally distinct networks including the DMN
with control networks (Daws et al. 2022; Roseman et al.
2014), similarly to the coupling observed during unmedi-
cated creative processes (Beaty et al. 2015; Ellamil et al.
2012; Liu et al. 2015).

Persisting enhancements of creativity following acute
psychedelic ‘trips’ could be of benefit to creative or prob-
lem-solving practises, however studies of the post-acute
periods after full doses of psychedelics have shown con-
flicting results. One prospective study tracking participants
before and the day and week after an ayahuasca ceremony
found that convergent thinking was increased a week after
the ceremony, while divergent thinking was lower both in
the morning and the week after the ceremony (Kiraga et
al. 2021). A similar prospective study following psilocybin
dosing similarly found that convergent thinking was higher
a week after the dose, but also found that divergent think-
ing was higher, not lower, the morning after (Mason et al.
2019). A subsequent controlled study of psilocybin full
doses showed acute decreases in both divergent and conver-
gent thinking, with decreased convergent thinking persisting
one week after the dose, but divergent thinking increasing
(Mason et al. 2021). The cause of these differences could
be due to the substances used (ayahuasca vs. psilocybin)
but may also be due to differences in mental state and test-
ing environment (psychedelic retreat vs. laboratory), which
have been shown to affect similar tests (Amabile 1996) and
are both significant modifiers of psychedelic experiences
— commonly referred to as ‘set and setting’ (Hartogsohn
2017). It is plausible that variation in acute psychedelic
experiences have consequences on subsequent post-acute
creative effects, as has been suggested by correlation analy-
sis of acute functional connectivity (measurable by fMRI)
to post-acute creativity performance (Mason et al. 2021).
Post-acute increases in divergent thinking were predicted by
disruption of within-network functional connectivity in the
acute phase, and post-acute decreases in convergent think-
ing were predicted by increased acute connectivity between
the DMN and fronto-parietal control network (FPN) (Mason
et al. 2021). This provides an objective link between acute
brain activity and post-acute effects on divergent and con-
vergent thinking, highlighting the characteristic psychedelic
induced network disintegration as a potential mechanism.

If we consider these findings alongside the bipartite defi-
nition of creativity, needing both novelty and utility — acute
increases to divergent thinking that appear to occur dur-
ing full doses of psychedelics may be of limited use in the

practical enhancement of creative ability if not accompa-
nied by the ability to accurately evaluate the effectiveness of
ideas. One might consider the heightened creative process
to be complete upon the cessation of psychoactive effects,
where a return to normal consciousness allows for critical
appraisal of the divergent thinking elicited during the acute
period. However, as discussed above, post-acute results are
variable and repeatedly undergoing high doses to access
acute benefits that may exist would be unsustainable for
most people. As such, microdosing could present an alter-
native to elicit some of the associative enhancements of psy-
chedelic drugs while maintaining enough cognitive control
to evaluate the utility of ideas effectively (Prochazkova and
Hommel 2020). Community microdosers frequently report
improved creativity in surveys (Anderson et al. 2019a; Lea
et al. 2020), and in publicly posted reports of their experi-
ences (Andersson and Kjellgren 2019; Lea et al. 2019). A
retrospective assessment that compared community micro-
dosers to non-microdosers demonstrated that microdosers
had significantly higher scores on a divergent thinking task
(Anderson et al. 2019b), however this is limited by potential
trait confounds between populations. One open label field
study of microdosing psilocybin truffles found post-acute
enhancements to both divergent and convergent thinking
(Prochazkova et al. 2018). One prospective study of com-
munity microdosers over six weeks found no change to a
subjective scale of creative personality but saw a significant
increase in ratings of feeling creative on dose days relative
to non-dose days (Polito and Liknaitzky 2022). While this
evidence is all from uncontrolled studies, an increase in
dose day self-rated feelings of creativity was replicated in
our placebo-controlled study of LSD microdosing (MDLSD
trial) reported in Murphy et al. (2023). We also found dose
day increases in ratings of energy, connectedness, happi-
ness, and wellness, which does present the possibility that
increased ratings of feeling creative could be part of a gen-
eral uplift in positive mood. The present study reports data
also collected during this trial.

Despite the volume of self-reported and prospective evi-
dence for microdosing’s effects on creativity, both divergent
and convergent thinking tasks during and after laboratory-
controlled microdoses have never shown a significant effect
(Bershad et al. 2019; Cavanna et al. 2022; Molla et al. 2023).
The tasks used to date are standard measures of divergent
and convergent thinking, including the Alternate Uses Test
(AUT) (Guilford 1967) and the Remote Associates Task
(RAT) (Mednick 1968). The AUT gives participants the
names of various household objects, and asks them to think
of as many uncommon uses for each item as they can and is
considered a measure of divergent thinking (Guilford 1967).
The RAT gives participants three words which are linked by
an undisclosed common concept, and participants are asked
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to think of this linking word in order to measure convergent
thinking and associative spread (Bowden and Jung-Beeman
2003; Mednick 1968). It is possible that these tasks used in
the controlled studies to-date are not entirely adequate for
capturing the experiences of creativity reported by micro-
doses. Creativity tasks of this kind have been criticised for
giving an incomplete picture of creative processes by being
too domain specific, presenting closed rather than open
problems, and failing to adequately capture the criteria of
efficiency and the phenomenon of insight (Amabile 1996;
Kaufman et al. 2008; Said-Metwaly et al. 2017; Wakefield
1987; Zeng et al. 2011).

An alternative approach that may have more construct
validity in the microdosing context is testing creative out-
put, such as art or creative writing using the Consensual
Assessment Technique (CAT) (Amabile 1996). In this task,
participants are given a practical art or writing assignment,
and outputs are then scored for their level of creativity by
a panel of experts. These experts are asked to rate both the
creative and technical elements of the piece in relation to the
overall performance of the group. This approach is argued to
be more valid than tests like the RAT and AUT because it is
a measure of applied creative activities which accounts for
effectiveness by being externally rated, and should therefore
be considered the gold standard of creativity testing (Ama-
bile 1996; Kaufman et al. 2008). The limitations of this
approach however are that the tests are still domain-specific,
and they may be affected by participants’ own proficiency
in that particular domain (Zeng et al. 2011). The CAT task
has not previously been administered during any studies of
microdosing psychedelics. The degree to which creativity
is domain-specific or domain-general has been debated, but
it is reasonable to conclude that creative processes require
elements of both types of abilities and that creative testing
in only one domain is inadequate to get a complete picture
(Amabile 1996; Lubart and Guignard 2004; Plucker and
Beghetto 2004).

In order to overcome domain specificity in creativity test-
ing, the current study implemented a multimodal approach
to test across several domains and cognitive processes,
an approach that has been recommended in the literature
(Kaufman et al. 2008; Lubart and Guignard 2004). Our cre-
ativity battery included the RAT and AUT in order to repli-
cate existing studies of microdosed psychedelics (Bershad
et al. 2019; Cavanna et al. 2022; Molla et al. 2023), a visual
art CAT task to add a different modality with more practi-
cal creative output and a degree of assessment by others,
and daily VAS ratings of participants self-rated feelings of
being creative (reported previously in Murphy et al. (2023).
In this way, the MDLSD study covered all the four assess-
ment domains identified by Kaufman et al. (2008) — diver-
gent thinking, convergent thinking, assessment by others,
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and assessment by self. Despite this, our multimodal battery
still did contain an ecological gap in that the domain-spe-
cific tasks present relatively closed problems with little rela-
tion to how participants likely experience creativity in their
daily lives, and the creativity VAS rating gave little depth as
to these experiences. To address this gap, a bespoke Every-
day Problem-Solving Questionnaire (EPSQ) was devel-
oped in-house which asked participants about instances that
required novel problem solving in their everyday lives and
asked them to rate both their ability to generate a solution,
as well as the utility of that solution, to capture both uncon-
strained idea generation, and constrained idea evaluation.

The aim of the following study was to robustly test for
acute and durable effects of microdosing on creativity in the
MDLSD trial using a visual art CAT, linguistic RAT and
AUT tasks, as well as the bespoke EPSQ. The daily VAS
ratings of creativity have already been presented in Murphy
et al. (2023) but will be revisited in the discussion. Given
the paucity of robust existing evidence, we did not have spe-
cific hypotheses.

Methods

The MDLSD trial consisted of eighty healthy male par-
ticipants randomised into either LSD (n=40) or pla-
cebo (n=40) groups. Full inclusion and exclusion data is
included in the Supplementary Materials. Creativity tasks
took approximately 30—45 min and were first undertaken at
a drug-free Baseline session (Table 1). The order of tasks
was AUT, CAT, RAT. Task order was not counterbalanced
within the battery. Approximately one week later, partici-
pants returned for a Treatment session, in which they were
administered their first 10 pg LSD microdose under super-
vision and creativity tasks were repeated at 240 min after
taking the dose. Peak subjective effects of 10 ug LSD have
previously been observed at 150 min post-dose (Holze et
al. 2020), however as the creativity tasks were secondary
measures, priority scheduling at peak of effects was given
to primary EEG measures (Murphy et al. 2021, 2024a).
Pharmacodynamic data from the present study (currently in
review) show that at 240 min participants’ ratings of feeling
an effect were at 81.7% of the maximum observed effect,
indicating that acute effects could still be regarded as being
present at this time point (Morse et al. 2024). Participants
then self-administered 13 subsequent doses at home on an
every-third-day protocol with some flexibility. Two days
after their final dose, participants returned for a drug-free
Final visit and creativity tasks were repeated. Participants
were run in four waves of 19-21 between 2021 and 2022.
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Table 1 Schedule of assessments

STUDY PERIOD

Baseline

) Treatment )
Treatment (Monitored) Final

(Home)

TIMEPOINT Day -6

Day 1 30 60
mins

120
mins

240
mins

360

. Days 2 - 42
mins

q . Day 43
baseline | mins

INTERVENTIONS:

LSD 10pg or Placebo
every 3" day

ASSESSMENTS:

Daily Questionnaire ¢

Alternate Uses Test X

Remote Associates
Task

Consensual
Assessment X
Technique

Everyday Problem-
Solving X
Questionnaire

Note: LSD — Lysergic acid diethylamide

Alternate Uses Test

AUT and RAT tasks were initially administered via Qual-
trics XM (https://www.qualtrics.com) on an iPad in a closed
room at the Baseline, Treatment (240 min after dosing) and
Final visits. However during the second wave of the trial
(out of four), local Covid-19 restrictions meant that as much
of the data needed to be collected remotely as possible, so
some AUT and RAT tasks were completed remotely by par-
ticipants on the correct dates but in their home environment
with their own devices to access Qualtrics (see Murphy et
al. (2023) for full description of Covid-19 related adapta-
tions of the protocol). The tasks continued to be adminis-
tered on-site for all Treatment visits.

Three versions of the AUT task were administered in
counterbalanced order between participants. Each version
contained three different everyday words. Participants had
two minutes to think of as many different uses for each word
as they could. Words were presented in a randomised order.
Full instructions and the items used are given in the Supple-
mentary Materials.

At the completion of the trial, the answers for each AUT
item were then coded for the following outcome measures:

1. Frequency: the total number of responses given.

2. Flexibility: the number of different categories of
responses given.

3. Elaboration: the degree to which the participant elabo-
rates on their response (one point for each additional
detail).

4. Originality: the uniqueness of the response (one point
for responses given by less than 15% of the sample, two
points if given by less than 10%, three points if given by
less than 5%).

Two independent raters coded each item for the first 10 par-
ticipants, after which Cronbach’s alpha was calculated using
the alpha function from the psych package in R. If an alpha
value greater than 0.7 was achieved, only one rater then
continued with rating the entire dataset.

Remote Associates Task

Three testing versions of the RAT were administered in
counterbalanced order, with one practice version being pre-
administered to all participants at the Screening visit. Each
version consisted of 20 trials of three words each, with the
correct answer being a fourth word that conceptually links
to each of the others. In the practice version, participants
were shown the correct answer after each trial, but they
were not shown the answer in the testing versions. Trials
were drawn from those used by Bershad et al. (2019), and
adapted to the New Zealand context by replacing inappro-
priate trials with items of similar difficulty from Bowden
and Jung-Beeman (2003). Instructions for the task are given
in the Supplementary Materials.

Each item is designed with one correct answer expected,
however answers were also reviewed for reasonable but
unexpected answers (accepted with agreement between two
raters). Outcome measures were the number of correct/rea-
sonable responses and the number of trials attempted.
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Consensual Assessment Technique

CAT tasks were administered in a closed room at the Base-
line, Treatment (~240 min after dosing) and Final visits. Per
the instructions of Amabile (1996), participants were given
15 min to create ‘a design that conveys a sense of silliness’.
Materials for making the designs were six coloured pieces
of construction paper (red, blue, green, yellow, orange, and
white) in a brown paper envelope, a glue stick, and scissors.
Designs were photographed by the study team. When aspects
of the design were not able to be captured by photography
(e.g. there was some kinetic or conceptual component) the
study team recorded a brief description. At the completion of
the trial, 16 secondary school art teachers were recruited to
rate the designs using Qualtrics XM (https://www.qualtrics.
com). To prepare them for the task, raters were first shown a
representative sample of 10 randomly selected designs and
instructed to imagine how they would order them from low-
est to highest in terms of ‘creativity’ and ‘technical good-
ness’. Images of each design in the total dataset were then
presented in random order with instructions to rate each
design on creativity and technical goodness on a continuous
VAS scale from 0 to 10 with 0 being labelled as ‘One of the
lowest’, 5 labelled as ‘Average’, and 10 labelled as ‘One of
the highest’. If an additional description had been provided
by the study team it was given underneath the image. Raters
were given a brief description of the task and told to rate
designs in relation to the group overall, rather than accord-
ing to their general standards of artistic quality. They were
also instructed to consider creativity and technical goodness
as independent categories.

Everyday problem-solving questionnaire

A bespoke questionnaire was developed to more thoroughly
assess subjective experiences of creativity during the trial,
beyond the ‘feeling creative’ VAS ratings reported in Mur-
phy et al. (2023). As part of the battery of psychometric
assessments at the Baseline visit, participants were asked
to nominate ‘a situation in your job, hobby, or everyday
life when you encounter problems that require you to think
of novel (new) solutions’. Participants were then asked to
consider how difficult it was to think of solutions to those
problems (from ‘extremely easy’ to ‘extremely difficult’)
when they had encountered that problem in the last month,
and how difficult it was to visualise solutions to those prob-
lems (from ‘extremely easy’ to ‘extremely difficult’) — the
mean of which was an ‘idea generation difficulty’ scale.
They were also asked how practical the solutions that they
came up with were (from ‘not at all practical’ to ‘extremely
practical’), and how satisfied they were with the solutions
that they came to (from ‘not at all satisfied to ‘extremely
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satisfied) — the mean of which was an ‘idea evaluation’
scale. Participants rated their answers to these four ques-
tions on 100-point scales from —50 to +50. At the Final
measure point, participants were reminded of the situation
that they had nominated in the Baseline session and again
asked the same four questions regarding their experience of
problem solving in the past month. Outcome measures were
idea generation and idea evaluation scores.

Statistical analysis

Each task and questionnaire was analysed with a lin-
ear mixed effects model using the /merTest package in R
(Kuznetsova et al. 2017) with Group and Visit treated as
fixed effects, and Participants as random effect. Linear
mixed effects modelling was chosen due to the ability to
accommodate missing data without excluding participants,
and to account for the random effects of participants vari-
able abilities at the tasks. Language ability was controlled
for in the AUT and RAT analyses by including scores on
the NIH Toolbox Picture Vocabulary Test (Weintraub et al.
2013) as a fixed effect covariate. The vocabulary test was
administered via the NIH Toolbox iPad app at the Base-
line visit (National Institutes of Health 2019). Significant
results were uncorrected and considered exploratory. Post-
hoc analyses were conducted by calculating the estimated
marginal means using the emmeans package in R. To check
whether the change in administration location (home versus
in the lab) was significant, a follow up analysis was con-
ducted on the RAT and AUT scores which also included
study wave (1-4, see Supplementary Materials for descrip-
tion of varying study wave conditions), as a fixed effect. All
analyses were based on intention-to-treat. Effect sizes were
calculated as partial Eta squared (proportion of variance
explained by fixed effects and interactions separately; np2)
using the effectsize package in R.

The inter-rater reliability of AUT and CAT ratings was
tested by computing Cronbach’s alpha using the a/pha func-
tion from the psych package in R. Separate alpha values were
computed for ‘creativity’ and ‘technical goodness’ ratings in
the CAT. In the AUT, alpha was calculated for flexibility and
originality given that these two ratings are subjective. An
alpha value over 0.7 was considered acceptable.

Results
Participants
Analyses were intention-to-treat and included all com-

pleted tasks. Of the 80 enrolled participants, 75 completed
the full course of doses (placebo=39, LSD=36), however
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withdrawn participants completed all tasks and question-
naires and were included in analysis, with the exception of
one CAT task in the placebo group at the Final visit. Full
details of withdrawals are given in Murphy et al. (2023).
Additionally, there were three instances of missing/cor-
rupted data in the AUT during the Treatment session in the
placebo group, and in the LSD group there was one instance
of missing/corrupted data RAT task at each of the Baseline
and Final sessions. Table 2 gives the size of each dataset for
each session by group.

Alternate Uses Test

Analysis of the AUT in a Group (Placebo vs. LSD) x Visit
(Baseline vs. Treatment vs. Final) linear mixed effects model
with Vocabulary as a fixed effect showed no interaction effect
of Group x Visit on fluency, flexibility, elaboration, nor orig-
inality. There was no main effect of Group or Visit. There
was a significant effect of Vocabulary on fluency (F=5.99,
p=0.017, 17p2 =0.072), flexibility (F=20.42, p<0.001,
n,°=0.207), elaboration (F=9.78, p=0.002, 7,°=0.111)
and originality (F=11.63, p=0.001, np2:0.129) with the
largest effect being on flexibility (the number of different
categories of responses given). Post-hoc analysis of the
effect of Vocabulary showed that the difference in estimated
marginal means between the 25th and 75th percentiles was
—0.72 for fluency (SE=0.29, p=0.017), -0.83 for flexibil-
ity (SE=0.18, p<0.001), -1.09 for elaboration (SE=0.35,
p=0.003), and — 0.92 for originality (SE=0.29, p=0.001).
In all cases this indicates that AUT scores were higher for
participants with greater vocabulary scores. Table 3 gives
the test statistics for the main and interaction effects for flu-
ency/flexibility/elaboration/originality and Fig. 1 gives the
mean scores across each visit. Follow up analysis did not
find an effect of block in any of the AUT measures.

Remote Associates Task

Analysis of the RAT test in a Group (Placebo vs. LSD) x
Visit (Baseline vs. Treatment vs. Final) linear mixed effects
model with Vocabulary as a fixed effect showed no interac-
tion effect of Group x Visit on either the number of items
correct or attempted. There was no main effect of Group or

Table 2 Dataset size for each group and session for creativity measures

Visit. There was a significant effect of Vocabulary on the
number of items correct (F=45.04, p<0.001, ;7p2=0.355),
but not the number of items attempted. Post-hoc analy-
sis of the effect of Vocabulary on the number of items
attempted showed that the difference in estimated marginal
means between the 25th and 75th percentiles was — 1.47
(SE=0.22, p<0.001) indicating that the number of RAT
items correct was greater for participants who had a higher
baseline vocabulary. Follow up analysis did not find an
effect of block in any of the measures. Table 4 gives the test
statistics for the main and interaction effects for the number
correct/attempted and Fig. 2 gives the mean scores across
each visit.

Consensual Assessment Technique

CAT raters were 16 secondary school art teachers (11
female, five male) with mean teaching experience of 8.4
years and mean years as an artist of 15.6 years. Analysis of
the CAT in a Group (Placebo vs. LSD) x Visit (Baseline vs.
Treatment vs. Final) linear mixed effects model showed no
interaction effect of Group x Visit on creativity nor techni-
cal goodness, nor any main effects. Table 5 gives the test
statistics for the main and interaction effects for the number
creativity and technical goodness and Fig. 3 gives the mean
scores across each visit.

Everyday problem-solving questionnaire

Analysis of the EPSQ test in a Group (Placebo vs. LSD) x
Visit (Baseline vs. Treatment vs. Final) linear mixed effects
model showed no interaction effect of Group x Visit on idea
generation difficulty or idea effectiveness. There was a sig-
nificant main effect of Visit on idea generation difficulty
(F=47.35, p<0.001, ;7p2:0.378), but not idea effective-
ness. Post-hoc analysis of the effect of Visit on idea gen-
eration difficulty showed a significant difference between
Baseline and Final visit scores for both the placebo and LSD
groups with a difference in estimated marginal means of 17
(SE=2.47, p<0.001) indicating that, regardless of group,
participants rated idea generation as more difficult at the
Baseline than at the Final visit. Table 6 gives the test statis-
tics for the main and interaction effects for idea generation/

Placebo LSD
Measure Baseline, n(%) Treatment, n(%) Final, n(%) Baseline, n(%) Treatment, n(%) Final, n(%)
AUT 40 (100) 37 (92.5) 40 (100) 40 (100) 40 (100) 40 (100)
RAT 40 (100) 40 (100) 40 (100) 39 (97.5) 40 (100) 39 (97.5)
CAT 40 (100) 40 (100) 39 (97.5) 40 (100) 40 (100) 40 (100)
EPSQ 40 (100) 40 (100) 40 (100) 40 (100) 40 (100) 40 (100)

Note AUT — Alternate Uses Test; CAT — Consensual Assessment Technique; EPSQ — Everyday Problem-Solving Questionnaire; RAT — Remote

Associates Task
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Table 3 Main and interaction effects in the AUT analysis of Group x Visit+ Vocabulary

Main effect Vocabulary Interaction effect Group x Visit

Main effect Visit

Main effect Group

N

n,’

n,’

n,’

AUT Measure
Fluency

0.014

0.336
0.716

1.10
0.33

0.072

5.99 0.017

<0.001
0.006

0.981

0.02
0.45
0.20
1.13

0.002

0.730

0.111

12
60

0.

0.004

0.207

0.111

<0.001
0.002

20.42
9.78

0.033 0.637

2.

Flexibility

0.569 0.007

0.731

0.57
0.31

0.003

0.822

0.567 0.004

0.329

0.33
0.

Elaboration

0.004

0.129

0.001

11.63

0.014

0.326

0.012

97

Originality

Note: AUT — Alternate Uses Test. np® — Partial Eta squared

effectiveness and Fig. 4 gives the mean scores across each
visit.

Discussion

This study tested the acute and durable effect of microdos-
ing on creativity using four different modalities. Consistent
with previous controlled and semi-controlled acute experi-
ments, no interaction effect of drug group by visit was seen
on divergent thinking as measured by the AUT, nor conver-
gent thinking as measured by the RAT (Bershad et al. 2019;
Cavanna et al. 2022; Molla et al. 2023). No effect was seen
on externally assessed practical creativity as measured by
the CAT, nor on self-assessment as measured by the EPSQ.
A significant effect of vocabulary was seen on accuracy in
the RAT task and on all scales of the AUT, highlighting the
necessary of vocabulary as a control variable in linguistic
creativity tasks. There was a significant negative effect of
visit on idea generation difficulty, regardless of group, sug-
gesting that placebo effects or an effect of being in the trial
affected participant self-ratings of creativity.

The null results in this study are in contrast to the sig-
nificant increase in self-rated creativity on the dose days
reported in Murphy et al. (2023) and to the self-rated expe-
riences of microdosers in the community (Anderson et al.
2019a; Andersson and Kjellgren 2019; Lea et al. 2019,
2020). The gap between the findings inside and outside
the lab may simply be explained by lack of power in the
laboratory studies, however there are three other possible
explanations: (1) testing conditions in the lab may dampen
or mask any potential creativity benefits of microdosing; (2)
the tests used are not valid for testing the types of creativity
enhanced by microdosing; (3) enhancements to creativity
reported in the grey literature are placebo effects.

Set and setting in creativity testing

All the tests of creativity during laboratory-supplied micro-
doses conducted previously have been administered in con-
trolled environments, and it is possible that these testing
conditions are not conducive to fostering creativity. Indeed
environmental conditions are known to affect creativity test-
ing outcomes (for review see: Amabile 1996; Said-Metwaly
et al. 2017). Full psychedelic experiences are also greatly
affected by mindset and environment — termed ‘set and set-
ting’ in the literature (Hartogsohn 2017). It is worth nothing
that in the VAS ratings of dose day creativity, the effect size
for that first dosing day in the lab is negative, in contrast to
the subsequent 13 home dosing days (Murphy et al. 2023).
Further to this, the one microdosing study which did show
increased divergent and convergent thinking was conducted
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Fig. 1 Alternate Uses Test (AUT)
scores for elaboration, flexibility,

Alternate Uses Test Scores

AUT Elaboration

AUT Flexibility

fluency, and originality by Group
at Baseline, Treatment, and Final 204
visits. Box plots show the inter
quartile range (IQR), with values
over 1.5 IQR from the hinge 157
represented as outlier points
10+
5 B
0 B

i

-5 : . : : . . Group
o Baseline Treatment Final Baseline Treatment Final
8 D PLACEBO
AUT Fluenc AUT Originalit
n Yy iginality D LsD
154 k 154 »
104 101
5 -
5 -
04
0 -
Baseline Treatment Final Baseline Treatment Final
Time

following unblinded microdoses during a psychedelic event
(Prochazkova et al. 2018). This may have been more condu-
cive to fostering creativity, but also could have influenced
expectations of participants and led to extra effort during the
acute administration of the tasks — which will be discussed
below. It could be argued that the sterile and potentially
stressful clinic/laboratory environments where controlled
studies such as ours and others (Bershad et al. 2019; Molla
et al. 2023) took place negatively affected testing perfor-
mance. One limitation of our study is that fluctuating Covid-
19 restrictions meant that in some study waves the long-term
RAT and AUT measures had to be administered in partici-
pants’ home environments rather than the lab, although this
presented the advantage of being able to test if these con-
ditions altered outcomes. Our follow-up analyses showed
no effect of study wave on the RAT and AUT scores which
suggests that study environment does not explain the lack of
post-acute cumulative effects of microdosing on creativity.
However, we were never able to administer creativity tasks
in participants’ home environments during the acute phase
of the drug, and it may still be the case that lab environments
are not the appropriate setting to facilitate an effect of acute
microdosing on creativity. Future parameter-finding studies
could compare creativity tasks under controlled microdoses

in laboratory and naturalistic environments to investigate
this factor further.

Appropriateness of tests

Creativity testing itself is a contentious issue, in part due to
differences in defining creativity, and in the debated valid-
ity of the available tests to measure these constructs (Said-
Metwaly et al. 2017). Tasks such as the RAT and AUT have
been criticised for purporting to measure general creativity
with domain-specific tasks (in this case linguistic; Amabile
1996). Their construct validity has also been challenged on
the grounds that they present closed rather than open prob-
lems, do not produce creative outcomes, nor account for the
high-level creative breakthroughs that are characterised by
insight (Amabile 1996; Kaufman et al. 2008; Said-Metwaly
et al. 2017; Wakefield 1987; Zeng et al. 2011). Divergent
thinking tasks such as the AUT have also been criticised
for not incorporating the critical element of effectiveness
or appropriateness (Zeng et al. 2011). To mitigate this, a
battery which tested across the breadth of available mea-
sures was employed in this study, as well as including one
bespoke self-rated measure. None of these measures showed
an effect of drug, however there are still several unanswered
questions in terms of how these measures may or may not
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Table 4 Main and interaction effects in the RAT analysis of Group x Visit+ Vocabulary

Main effect Vocabulary Interaction effect Group x Visit

Main effect Visit

Main effect Group

n

n,’

n,’

n,’

RAT Measure

0.001

0.949
0.354

0.05
1.05

0.355

<0.001
0.448

45.04
0.58

<0.001
0.020

0.995

0.306 0.013 0

0.507

06
Note: RAT — Remote Associates Task.np2 — Partial Eta squared

1.

Number correct

0.013

0.007

0.208

1.59

0.006

0.44

Number attempted

be able to capture the purported effects of microdosing on
creativity.

One issue is the debate around domain-specificity ver-
sus domain-generality (Amabile 1996; Said-Metwaly et al.
2017). It has been argued that creative ability at any one
task incorporates both domain-general creative abilities, as
well as domain-specific proficiencies and that as such, per-
formance in a domain-specific task may not be reflective of
general abilities (Amabile 1996). Our battery of measures
included linguistic and visual tasks in an attempt to get a
broad picture of creative abilities across different domains,
however sampled from a general population that likely had
a wide variance of aptitude and experience in each of those
areas. In the case of the linguistic tasks, we were able to
control for this by including baseline vocabulary as a vari-
able, however a limitation of this study is that we did not
have a comparable baseline control variable for visual art
ability. In the linguistic tasks, vocabulary did affect the
number of correct answers in the convergent thinking task
(but not the number attempted) and in all measures of the
divergent thinking task. Future research using these tasks
should therefore aim to have skill or experience-based con-
trol variables for each domain. It would also be interesting
to repeat these measures with participants who are experts
in these domains, for example artists and writers, to see if
microdosing is has different effects on creativity in a task
at which participants are already demonstrably skilled.
Domain-specific problem-solving in participants’ area of
expertise was investigated in early full dose studies (for
review see: Fadiman 2011; Janiger and de Rios 1989; Pro-
chazkova and Hommel 2020; Sessa 2008), however this has
not been tested following microdoses.

Another potential issue, which affects cognitive mea-
sures more generally, is that of ‘task-impurity’ — in which
tasks may test for overlapping processes which could be
affected by variables such as microdosing drugs in contra-
dictory ways (Sayali and Barrett 2023). For example the
RAT, which is generally considered to be a test of conver-
gent thinking, is also affected by the degree of associative
spread that stimuli cause in order to effectively connect dis-
parate concepts with a common link (Mednick 1962). Asso-
ciativity in the form of semantic activation has been shown
to be enhanced under full doses of psychedelics (Family et
al. 2016), while convergent thinking is inhibited (Kuypers et
al. 2016; Mason et al. 2021; WieBner et al. 2022), therefore
it is possible that performance at the RAT under psychedelic
doses (potentially including microdoses) is affected by con-
tradictory enhancements and impairments in its underlying
processes.

It could be that the previously reported increase in sub-
jective ratings of feeling creative seen in microdosers on
dose days (Murphy et al. 2023) reflects a true increase in
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Fig. 2 Remote Associates
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Table 5 Main and interaction effects in the CAT analysis of Group x Visit

Final Baseline Treatment Final

Time

Main effect Group Main effect Visit Interaction effect Group x Visit
CAT Measure F p n_az F p n,’ F p n,’
Creativity 0.63 0.429 0.008 2.86 0.060 0.036 2.67 0.073 0.033
Technical goodness 0.87 0.354 0.011 2.87 0.060 0.036 2.27 0.107 0.028

Note: CAT — Consensual Assessment Technique.np2 — Partial Eta squared

Fig. 3 Consensual Assessment
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Table 6 Main and interaction effects in the EPSQ analysis of Group x Visit
Main effect Group Main effect Visit Interaction effect Group x Visit

CAT Measure F p 'r]_az F p n,> F p n,>
Idea generation difficulty 0.23 0.636 0.003 47.35 <0.001 0.378 1.99 0.162 0.025
Idea effectiveness 0.36 0.553 0.005 2.03 0.158 0.025 2.36 0.128 0.029

Note: EPSQ — Everyday Problem-Solving Questionnaire.np2 — Partial Eta squared

creativity, but one which is not measurable with labora-
tory tasks, due to the problems discussed above. However,
the inverse may also be true — reports of feeling creative
may simply be a feeling with no bearing on actual creative
output. Elsewhere, subjective feelings of creativity have
been linked to positive mood (Han et al. 2019; Zhang et
al. 2020). A dose day change in happiness and wellbeing
was indeed seen alongside increases in creativity in our

previously-reported data (Murphy et al. 2023), therefore
it is plausible that the increase in feeling creative may be
more related to a general uplift in mood than to performance
changes that are measurable by laboratory tasks. It is worth
noting that in a follow up exploratory analysis of only dose
days where participants reported not knowing whether they
were on the dose or not, this effect on self-rated creativity
was not observed (Murphy et al. 2023) This could suggest
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Fig.4 Everyday Problem Solving
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that either unblinding to condition triggered placebo effects,
or that improved subjective effects such as creativity and
happiness inform unblinding.

Placebo and expectancy

Expectancy may play a role in the reports of enhanced cre-
ativity by community microdosers (Anderson et al. 2019a;
Lea et al. 2019; Prochazkova et al. 2018). In previous
reporting of the MDLSD trial results (Murphy et al. 2023),
prior to their first dose, participants rated how confident
they were that microdosing would alter several different
mood and cognitive domains, including creativity. Of these,
creativity was the domain that had the highest rated baseline
expectancy in both the placebo and LSD groups, indicat-
ing this to be a well-known proposed benefit of microdos-
ing. Prospective studies of microdosing have shown that
general expectancy among community microdosers is high
and that at least some effects may be related to unblinding
and expectancy (Kaertner et al. 2021; Polito and Stevenson
2019; Szigeti et al. 2021). Interestingly, one of these studies
used a self-blinding protocol and found that while subjec-
tive effects appeared to be affected by belief in having taken
an active dose, cognitive tasks were not (Szigeti et al. 2021).
It also is worth noting that in the present study, where blind-
ing in the placebo group was maintained, only one measure
showed a main effect of visit in an enhanced direction — self-
rated difficulty of idea generation went down regardless of
drug group from the Baseline to the Final visit. None of the
more objective tasks showed this pattern. As such it appears
that the tasks were not sensitive to expectancy driven pla-
cebo effects, but that the problem-solving questionnaire
may be.

It is entirely possible that the gap between self-reported
impressions of enhanced creativity following psychedelics
(in both high and low doses) and the actual creative out-
put during these experiences may be a result of inflated

@ Springer

T T T
Final Baseline Final

Time
meaning attribution and altered self-concept (Baggott 2015;
Girn et al. 2020). If subjective reports of inflated creativ-
ity are simply a matter of feeling, then claims that micro-
dosing can enhance one’s productivity and effectiveness at
creative pursuits are likely unfounded. However, in terms
of feeling creative as a source of eudaimonic pleasure that
enhances overall quality of life, these unfounded subjec-
tive feelings may still be of benefit to wellbeing and mental
health, especially in the context of depressive anhedonia.
Future therapeutic research could manipulate set and setting
to optimise this effect in conjunction with art therapies to
evaluate whether it could be useful in depressive anhedonia.

Limitations

As mentioned, lack of power may lie behind the absence
of creativity effects seen in the laboratory studies of micro-
dosing. The current study was a parallel trial with 40 par-
ticipants in each treatment group, and previous laboratory
studies which tested creativity have included 20 (Bershad
et al. 2019), 34 (Cavanna et al. 2022), and 39 (Molla et al.
2023) participants in crossover designs. Subtle microdos-
ing-induced changes may require larger sample sizes to be
detectable.

Beyond the limitations stated above there were some
procedural limitations to this study. Test-retest reliability of
these tasks with this specific combination of items and at
three timepoints is also not available and results should be
interpreted cautiously with that in mind. Given that the cre-
ativity battery was a secondary measure, the battery was not
able to be presented at the peak of subjective effects, how-
ever acute subjective effects were still evident. Tasks were
not counterbalanced within the battery, which could have
led to fatigue affecting the later tasks (the CAT and RAT).
This study only examined the acute effects of a single dose
level (10 pg LSD or below) against placebo, and therefore
isn’t indicative of higher dose levels. While some creativity
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testing has been done at higher microdoses of 20 pg (Ber-
shad et al. 2019; Molla et al. 2023), a functional task such as
the CAT has not been done at this dose.

Conclusions

The present study did not find any evidence that microdosing
produced measurable changes to creativity either acutely or
two days after the conclusion of a six-week protocol of regu-
lar microdosing, across four different assessment modalities.
However, the same sample reported feeling more creative
on microdosing days. This suggests that if microdosing does
have an impact on creativity, it may not be strong enough to
produce effects that are measurable with standard tests, or
may have no functional output beyond a creative feeling. It
may equally be that microdosing has no effect on creativity
beyond a general uplift in positive mood, which combined
with high expectancy of microdosing’s creative effects
generates a feeling of being more creative. Future research
should manipulate set and setting to further investigate the
nature of this creative feeling and assess whether it can be
operationalised for therapeutic benefit.
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