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Pstihhedeelse virtuaalreaalsuse mdju divergentsele mdtlemisele

Kokkuvote

Osad uuringud on leidnud, et psiihhedeelikumid suurendavad divergentset métlemist, kuid
seda efekti péhjustav mehhanism on teadmata. Selle uuringu eesmark oli vélja selgitada, kas
psuhhedeelikumide mdju tiheks teguriks vdivad olla nende tekitatud intensiivsed visuaalsed
kogemused. Uurisime seda kusimust virtuaalreaalsuse abil, mis jaljendas psiihhedeelseid
kogemusi. Divergentset métlemist mdddeti AUT-ga ja DAT-ga. Tulemused néitasid, et
psuhhedeelsel virtuaalreaalsusel puudus moju divergentsele métlemisele. Arutletakse

mitmete tegurite Gle, mis vdisid pohjustada seda negatiivset tulemust.

Marksbnad: psuhhedeelikumid, virtuaalreaalsus, divergentne mdétlemine
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Effects of psychedelic virtual reality on divergent thinking

Abstract

There have been studies that have found that psychedelics increase divergent thinking, but the
mechanism underlying this effect is unknown. The aim of this study was to find out whether
one factor underlying the effects of psychedelics could be the intense visual experiences
elicited by them. We studied this question by using virtual reality that mimicked psychedelic
experiences. Divergent thinking was measured with the AUT and the DAT. The results
showed that psychedelic VR had no effect on divergent thinking. Several factors that might

have contributed to this negative finding are discussed.

Keywords: psychedelics, virtual reality, divergent thinking
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Introduction

Psychedelics induce their effects as agonists on serotonin 5-HT2A receptor (Andersen et al.,
2020; Madsen et al, 2019), as it has been shown that 5-HT2A receptor antagonists (e.g.
ketanserin) hinder psychedelic effects (Preller et al., 2017). The intensiveness of a psychedelic
for the 5-HT2AR receptor correlates solidly with its behavioral and subjective potency
(Glennon et al., 1992). Psychedelic experiences are characterized by a mystical experience
(Griffiths et al., 2006; Roseman et al., 2018), geometric hallucinations (Bressloff et al., 2002)
and ego dissolution (Nour et al., 2016). Most known classic psychedelics are DMT
(dimethyltryptamine), mescaline (found in Lophophora williamsii), 5-MeO-DMT (found in
Bufo alvarius), LSD (lysergic acid diethylamide) and psilocybin, that is found in “magic
mushrooms” (Andersen et al., 2020; Nutt et al., 2020; Schultes, 1938; Weil and Davis, 1994).
Thus the array of effects is mediated by 5-HT2A receptor agonism, that depends on certain
psychedelic and its dosage (Haijen et al., 2018).

Psychedelics work by reducing top-down control and deactivating the default mode network
(DMN) (Carhart-Harris and Friston, 2019), that has been linked to self-consciousness
(Fingelkurts et al., 2012), mental time travel (dstby et al., 2012) and secondary cognition
(Carhart-Harris et al., 2014). This is in accordance with the entropic brain hypothesis (Carhart-
Harris et al., 2014) and the free energy principle (Friston, 2010), that proposes that living
systems seek to minimize the brain entropy (uncertainty) and resist disorder while developing,
processing, and behaving in a certain way (Carhart-Harris and Friston, 2019). According to the
entropic brain hypothesis the mind has evolved from primary consciousness to secondary
consciousness (Carhart-Harris et al., 2014). Primary consciousness is described by less ordered
neurodynamics (high entropy) and unconstrained cognition. Secondary consciousness, also
known as normal waking consciousness, has more ordered neurodynamics and constrained
cognition. Secondary consciousness works to process the world as accurately as possible and
therefore it blocks out unnecessary information. The function of this is to minimize uncertainty
and surprise about the environment. The psychedelic state is associated with primary
consciousness (Carhart-Harris et al., 2014) and therefore it allows more bottom-up information

flow and relaxes high-level priors (Carhart-Harris and Friston, 2019).
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Therapeutic use of psychedelics

Classic psychedelics have been used in healing settings since ancient times (Guerra-Doce,
2014) although their prevalence is unknown (Johnson et al., 2019). In 1938 Albert Hofmann
synthesized LSD- a novel compound that sparked interest in its psychiatric applications
(Hofmann et al., 2013). LSD was used as an assistance in psychotherapy (Busch and Johnson,
1950; Chandler and Hartman, 1960) and to treat addiction (Abramson, 1967). After that other
classic psychedelics, e.g. psilocybin, were popularized (Hofmann et al., 2013). Classical
psychedelics were studied within psychiatry from the 1950s to 1960s (Grinspoon, 1981). The
best results came from treating addiction (Savage and McCabe, 1973) and cancer affiliated
psychological distress (Richard, 1979). The research was also boosted by a discovery that
anaesthetics, e.g. ketamine, display effects similar to psychedelics (Domino et al., 1983). The
research stopped in the 1970s as many classical psychedelics were popular among the anti-
Vietnam war movement (Nutt et al. 2013; Wesson, 2011). After that research reappeared late
in the 20th century (Strassman and Qualls, 1994). In the 21th century the therapeutic use of
psychedelics is mostly researched at Johns Hopkins University as well as at Imperial College
London (Nutt et al., 2020). Recent studies (Andersen et al., 2020; Carhart-Harris et al., 2016;
Griffiths et al., 2016; Rucker et al., 2018) have shown that psychedelics could still be suitable
for therapeutic use despite their infamous history (Nutt et al., 2020).

An open-label feasibility study showed that a high-dose of psilocybin reduced treatment
resistant depression, measured by 16-item Quick Inventory of Depressive Symptoms (QIDS),
7 days and 3 months after the treatment (Carhart-Harris et al., 2016). Results also showed a
reduction in anhedonia and anxiety. As a limitation of the study the authors highlighted that it
is possible that other factors like small sample, expectancy bias, open-label design also had an
effect on the results. Therefore psilocybin could be effective for treating depression when done
with suitable safeguards. The study concludes that because of its novel pharmacological
activity psilocybin could be an effective addition to current therapies (Carhart-Harris et al.,
2016). An important predictor of effective long-term outcome was high level of Oceanic
Boundlessness (OBN), that is part of the altered states of consciousness questionnaire (ASC)
(Roseman et al., 2018). Its subcomponents are blissful state, spiritual experience, experience
of unity, disembodiment and insightfulness (Studerus et al., 2010). OBN has many similarities

to the MEQ questionnaire, that evaluates the occurrence of the mystical experience. Lower
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levels of Dread of Ego Dissolution (DED) (part of ASC) also predicted long-term effectiveness
of the psilocybin therapy for treating treatment resistant depression. DED is associated with
acute anxiety and impaired control. Thus it is suggested that the effects are also mediated by
the experience and not only by the pharmacological action of psilocybin (Roseman et al., 2018).

This could also apply to other classical psychedelics (Yaden and Griffiths, 2020).

A randomized double-blind study done with people who had life-threatening cancer related
anxiety and depression displayed the positive effects of high psilocybin dose (Griffiths et al.,
2016). Results showed a decline in self-rated and in clinician-rated measures of anxiety and
depression that lasted for at least 6 months. The overall clinical response measured at 6 months
was 78% for depression and 83% for anxiety. The overall symptom reduction was 65% for
depression and 57% for anxiety. Other positive effects were increases in life meaning,
optimism, death acceptance and quality of life. Mystical experience, measured with MEQ30,
correlated significantly with the long-term therapeutic outcomes. Thus, a dose of psilocybin
presented enduring and noteworthy decreases in anxiety and depression together with decline
of death anxiety and rise in life meaning.

Psychedelics and creativity

The psychedelic state is described by unconstrained cognition that is linked to fluctuations in
affect and increased associative thinking (Carhart-Harris et al., 2014; Girn and Christoff, 2019;
Preller and Wollenweider, 2016; Studerus et al., 2011). These two components are essential to
creative generation (Girn et al., 2020). There have been previous studies (Kuypers et al., 2016;
Mason et al., 2019; Mason et al., 2021; Prochazkova et al., 2018) that have concentrated on the
question whether the psychedelic state has an effect on divergent thinking, i.e., on finding novel
and out-of-box ideas (Girn et. al, 2020). Dynamic framework of thought (Girn et al., 2020) puts
creative thought in a continuous theoretical space with other forms of thought, such as
dreaming, rumination, goal-directed thought and mind-wandering. Psychedelic state is with
low automatic and deliberate constraints, therefore it has a high potential for generating creative
ideas (Girn et al., 2020).

Kuypers and colleagues found that drinking ayahuasca plant tea that contains 5-HT2A receptor
agonist (N,N-DMT) increases divergent thinking and decreases convergent thinking that were

measured with Picture Concept Task (PCT) (Kuypers et al., 2016). Pattern/Line Meanings task
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(PLMT) was used to measure divergent thinking, but no effects were observed on this task.
Mason et al (Mason et al., 2019) found that psilocybin increased both divergent and convergent
thinking but at different times. Divergent thinking was enhanced the morning after psilocybin
consumption and returned to the baseline 7 days later. Convergent thinking was unchanged the
morning after but increased 7 days later. In this study PCT was also used to measure convergent
and divergent thinking. Prochazkova and colleagues (Prochazkova et al., 2018) found that
psilocybin increased divergent thinking and also convergent thinking. Divergent thinking was
measured with the AUT (The Alternative Uses Task) and convergent thinking with the PCT
(Picture Concept Task). Thus the effect on convergent thinking was inconsistent in the Kuypers
et al. (2016) study when compared to the two last studies (Mason et al., 2019; Prochazkova et
al., 2018). Therefore different psychedelics and different tasks could have an effect on these
results although increased divergent thinking during the acute phase is common to all three
studies (Kuypers et al., 2016; Mason et al., 2019; Prochazkova et al., 2018).

On the contrary, a recent placebo-controlled, double-blind, parallel group design study (Mason
et al., 2021) found that psilocybin decreased deliberate creativity during the acute phase.
Particularly, participants managed to generate less associations and ideas compared to the
placebo group. However scores on AUT, specifically on novelty, were higher 7 days later
compared to the placebo group. Psilocybin also increased the feeling of “insight”, that is
related to spontaneous creativity, during the active phase. Authors think one of the reasons
could be that spontaneous insights typically arise in a state that is associated with broad
attention and unconstrained attention. This is a state similar to the psychedelic experience. On
the other hand deliberate creative cognition is linked to more focused attention and task
demanding effort. Convergent thinking, measured by the PCT, was decreased during the acute
phase and at follow-up 7 days later. Hence it is suggested that psilocybin has a construct- and

time-related impact on creative thinking (Mason et al., 2021).

Virtual reality (VR) and psychedelics

Virtual reality is a computer technology used to immerse subjects in a simulated environment
(Burdea and Coiffet, 2003). It is accomplished with a VR headset that provides a 3D experience
of the virtual world. VR and psychedelics both alter perceptual experience, especially visual
information (Aday et al., 2020; Barker, 2018; Suzuki et al., 2017) and have the ability to evoke

a mystical experience (Glowacki et al., 2020; Roseman et al., 2018). Both are also used to treat
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different mood disorders (Anderson et al., 2014; Griffiths et al., 2016). Glowacki and
colleagues developed “Isness” virtual reality (Glowacki et al., 2020), that was created to evoke
mystical experience that is sometimes described in psychedelic states (Barrett and Griffiths,
2018). Previous studies (Garcia-Romeu et al. 2015; Griffiths et al., 2016) have shown that the
mystical experience is a good predictor of long term positive psychedelic therapy outcome.
Mystical experience is characterized by transcendence of space and time, positive mood,
ineffability and mysticism (Griffiths et al., 2006). They found that “Isness” experience was
more intense than 16 and less intense than 3 previous psychedelic studies (Glowacki et al.,
2020). In 7 studies the results were indistinguishable. Therefore psychedelic VR could be used

to evoke “mystical experiences” that can be useful for therapy.

Moroz and Carhart-Harris (2018) suggest that virtual reality could also be combined with
psychedelics for treating psychiatric disorders, e.g. PTSD, addiction, anxiety and depression.
Psychedelics could enhance presence, sensitivity to the environment and virtual reality could
provide stimulus. In this way virtual reality can help to model the experience or even help to
evoke a mystical experience. For example VR may prove to be useful when the setting is overly
clinical and thus leads to heightened anxiety in a therapy session. Future studies should assess
the safety and effectiveness of this innovative combined therapeutic intervention (Moroz and
Carhart-Harris, 2018).

This study aimed to evaluate whether psychedelic VR could also have an effect on divergent
thinking as it has shown promising results evoking a mystical experience (Glowacki et al.,
2020). Divergent thinking is important as it helps to act flexibly (Girn et al., 2020) and generate
new novel ideas (Vincent et al., 2002). Psychedelics have shown promising divergent thinking
enhancing characteristics during the acute phase in many previous studies (Kuypers et al.,
2016; Mason et al., 2019; Prochazkova et al., 2018). Psychedelic virtual reality could be able
to replicate the visual side of psychedelic experience, e.g. geometric patterns (Bressloff et al.,
2002) and color enhancement (Abraham, 1983). Therefore, we postulated that the psychedelic

VR would increase divergent thinking.
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Method

Subjects

Six persons participated in the study, consisting of 3 males and 3 females. All of the participants
were Estonians and university students. Convenience sampling was used as half of the
participants knew the instructor. An invitation was sent to people through social media
platforms. People could sign up for the study through Doodle. This study was approved by the
Ethics Committee of the University of Tartu. The participants had to be healthy to participate
and not have experienced any epilepsy symptoms. They could not participate if they had been
diagnosed with schizophrenia or had experienced psychotic episodes. The participants were
told about the potential hazards associated with virtual reality. They signed a written consent
for collecting and publishing their data. The data remained anonymous and could not be linked

to a specific participant.

DAT- The Divergent Association Task

The Divergent Association Task (DAT) was used to measure divergent thinking (Olson et al.,
2020). It has been shown to be a reliable and easy to implement test for measuring creativity.
In the DAT participants have to generate 10 different words in 4 minutes. The words have to
be different from each other in terms of meaning. For example, the word ““car” is more similar
to the word “motorbike” than to the word “fork”. Therefore the word “fork™ gives more points
than the word “motorbike” in this example. All the 10 words have to be as far as possible from
each other to get a bigger score. The score is calculated by comparing the mean semantic
interval between used words using the GloVe algorithm. The test was done in Estonian because
it was the mother language of the participants. The words were later translated into English to
evaluate the results. The answers were recorded after non-psychedelic VR and psychedelic VR.

The DAT can be found online at datcreativity.com.
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AUT- The Alternative Uses Test

The Alternative Uses Test was also used to measure creativity (Guilford, 1950; Wallach and
Kogan, 1965). This task measures the ability to come up with different solutions to open-ended
questions. During this task participants were given two words that were commonplace
household objects (e.g. chair) and they had to find most uses for it. In this experiment the
participants were given words “pencil”, “clock” or “pillow”, “sock™ . They had 3 minutes to
generate the most uses for each object. The score was evaluated by three variables: originality
(how unique is the given use compared to the other answers), fluency (number of uses
generated) and flexibility (number of categories found for object's use). Originality is
calculated using all the answers. Responses with the frequency of 1%-5% get 1 point and 2
points are awarded to answers with the frequency of 1% or less. Because of the small sample
in the current study, unique answers got 2 points, answers mentioned by two participants got 1
point and answers mentioned by more participants got 0 points. Flexibility categories were
made subjectively by the judges and each category got one point. For example categories for
the word “pen” were weapon, writing/artwork, making music, design, precision throw and put
between or/and underneath something. Two people judged the score for more coherence.
Answers deemed inappropriate were excluded from the scores. The answers were recorded.
This test has been used before to measure whether psychedelics enhance creativity (Mason et.
al 2021; Prochazkova et. al 2018) and it correlates with the DAT (Olson et al., 2020).

Psychedelic virtual reality

This VR mimicked psychedelic-induced states by altering visual experience. The experience
included geometric patterns, kaleidoscopic images (Frecska et al., 2019) and color
enhancement (Abraham, 1983; Figure 1). Overview effect was used, as it could help induce a
mystical insight (Yaden et al., 2016). Psychedelic music was used to minimize auditory
distractions and help the participants focus on the experience. At the beginning of the
experience was a 10 minute meditation. The aim of the meditation was to help the participants

relax and focus on the current moment. The psychedelic VR lasted 60 minutes.
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Figure 1. One example of psychedelic effects used in the current study: color enhancement in

psychedelic VR condition.

Non-psychedelic virtual reality

Non-psychedelic control virtual reality consisted of different phases, but here specific
psychedelic-like experiences were avoided. For example the person went through an ordinary
virtual room and a plain natural setting (cave). At the beginning of the experience was a 10

minute meditation (same as before). The experience lasted 30 minutes.

Procedure

The experiment took place over three days. First the participants completed the DAT through
CryptPad which was sent to their emails one day before the VR experience. Emails were
collected during the sign-up to the study. The participants were guided to do the DAT task for
a maximum of four minutes. The test had to be done on their personal computer, smartphone
or tablet. The explanation of the test was given on CryptPad. It contained the following
information: “This test is used to find out how the mind works. Please come up with 10 words
that are as different as possible in terms of meaning. For example, the words car and
motorcycle are alike, because both are means of transport. The words fork and car are not
similar in terms of meaning and therefore give you more points. The first word is given. Rules
are the following: You can only propose single words in Estonian; Only nouns (e.g., things,
objects, concepts); No proper nouns (e.g., no names of specific people or places); No
specialized vocabulary (e.g., no technical terms). You have four minutes to do this test. |

recommend monitoring it with a timer. Please do the test on your own and do not use any help
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from other sources”. The given word was ‘“car”. Next two experiments were done in the

University of Tartu Delta Center on two consecutive days.

On the second day the instructor guided the participant to sit on a chair that was in the middle
of the laboratory. After that the participant was introduced to the virtual reality headset. The
following information was given: “In this study we want to find out how virtual reality affects
creativity. This is the VR headset that is used in this experiment. You can adjust it by the sides
and it is connected to the computer that you can see next to the chair by a wire. The VR
experience is played through the computer and its duration is about 30 minutes. At the
beginning of the VR is a 10 minute meditation. After the VR experience two short tests are
conducted. First one is the same test that you did yesterday on your own. The second test is
similar. I will explain the tasks after the virtual reality. Please leave the headset on for these
two tests. If it is okay, | would record your answers. Also be sure to let me know if you have
any discomfort during the VR experience and if you happen to have any questions | would be
happy to answer them now before we start.” The instructor offered help with the headset and
answered questions if needed. After the VR experience the participants were guided to stay
lying on a chair that was in the laboratory. The instructor informed them that it was time for
two tests. The same instructions were given for the DAT as in CryptPad. The instructor
measured time with a timer on his phone. The first given word was “bush” or “ice”. After that
participants did the AUT. The following instructions were given: “Now it is time for the second
test. I will say two words to you, that are common household objects (e.g. sofa) and you have
to find the most uses for each word. | will record your answers. You have 3 minutes for 1 word
and I will monitor the time. Be creative when doing this task.” The participants were given
words “pencil” and “clock” or “pillow”, “sock”. After the AUT the instructor thanked the

participant and invited him/her to come back the next day for another VR-experience.

On the third day the instructor guided the participant to sit on a chair that was in the middle of
the laboratory. He/she was given the following instructions: “Today the experiment set up is
the same as yesterday but the duration of the virtual reality is about 60 minutes. Be sure to let
me know if you experience any discomfort and if you happen to have any questions | would be
happy to answer them now before we start the VR experience.” The instructor offered help
with the headset and answered questions if needed. Participants experienced psychedelic VR
for about 60 minutes. After the experience the protocol was the same as in the previous day.

The first given word in the DAT was “bush or “ice”. In the AUT the participants had to find
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most uses for the words “pillow”, “sock” or “pencil”, “clock”. After finishing the AUT a given
participant was thanked for participating in the study and given a date for the experiment
results. The virtual reality headset was cleaned after every participant to ensure safety. The
results were revealed to the participants through email in the following months.

Data analysis

Data was analyzed using Microsoft Excel and GraphPad's t-test calculator that can be found
online at https://www.graphpad.com/quickcalcs/ttest1.cfm. A within subjects design compared
the outcomes of psychedelic virtual reality and non-psychedelic virtual reality on divergent
thinking. Parametric paired t-test was conducted for comparing results after non-psychedelic
VR and psychedelic VR. All of the 6 participants' data were used for the analysis. In the AUT
the concurrence of scores and subscores (fluency, flexibility, originality) evaluated by two
persons was calculated with Pearson Correlation Coefficient Calculator that can be found
online at https://www.socscistatistics.com/tests/pearson/default2.aspx. Mean scores were
calculated for the AUT subscores rated by two judges. The DAT results in Cryptbad were
excluded from the study, because two participants gave answers that were not in accordance
with the test rules. For example two words for one answer and specific names were used.
Therefore the DAT scores after non-psychedelic VR and psychedelic VR were submitted for
the final analysis and were calculated with paired t-test.

Results

AUT- The Alternative Uses Test

The results for the AUT are shown in Figure 2. The first rater's parametric paired t- test results
for non-psychedelic VR and psychedelic VR were t(5)=0.446, p=0.674, d=0.248 for fluency,
t(5)=0.745, p=0.490, d=0.443 for flexibility and t(5)=0.968, p=0.377, d=0.201 for originality.
The second rater's parametric paired t- test results for non-psychedelic VR and psychedelic
VR were t(5)=0.000, p=1.000, d=0 for fluency, t(5)=0.202, p=0.847, d=0.084 for flexibility
and t(5)=0.203, p=0.847, d=0.046 for originality. The concurrence of all the AUT scores

evaluated by two persons was 0.441(Pearson correlation coefficient) and p=0.007. Correlation
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between two scorers was r=0.29, p= 0.368 for fluency, r=0.50, p=0.098 for flexibility and
r=0.31, p=0.328 for originality.

AUT scores by the first rater
B Non-psychedelic VR B Psychedelic VR

4 4
1 II
O .

Fluency Flexibility Originality

AUT scores by the second rater
B Non-psychedelic VR ® Psychedelic VR

10 +
) '.
0o L

Fluency Flexibility Criginality

Figure 2. The AUT scores evaluated by two raters. Error bars indicate the standard error of the

mean.

The mean scores (M) and standard deviation (SD) evaluated by the first rater were M=5,
SD=1.483 (non-psychedelic VR), M=4.583, SD=1.855 (psychedelic VR) for fluency, M=3.75,
SD=1.037 (non-psychedelic VR), M=3.25, SD=1.214 (psychedelic VR) for flexibility and
M=5.166, SD=2.582 (non-psychedelic VR), M=4.666, SD=2.380 (psychedelic VR) for
originality. The mean scores (M) and standard deviation (SD) evaluated by the second rater
were M=10.833, SD=2.978 (non-psychedelic VR), M=10.833, SD=4.708 (psychedelic VR) for
fluency, M=6.75, SD=1.605 (non-psychedelic VR), M=6.583, SD=2.289 (psychedelic VR) for
flexibility and M=13.083, SD=4.387 (non-psychedelic VR), M=12.833, SD=6.353
(psychedelic VR) for originality.
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DAT- The Divergent Association Task

A two-tailed parametric paired t-test was performed to compare the DAT scores between non-
psychedelic VR and psychedelic VR. The difference between the two groups was not
significant: t(5)=0.500, p=0.638, d=0.150. The mean scores (M) and standard deviation (SD)
were M=82.193, SD=7.405 for non-psychedelic VR and M=83.160, SD=5.342 for psychedelic

VR.

DAT scores

125 —+

100 +

75

50 +

25 A

[V =

Figure 3. The DAT scores per participant. Error bars indicate the standard error of the mean.

The aim of the experiment was to find out whether psychedelic substances could affect
divergent thinking through the induction of intense psychedelic visual experiences. To study
this question we created a novel VR setup that mimicked psychedelic effects. We tested
whether this psychedelic VR can enhance creativity. The results showed no significant effect
on AUT subscores, although the score sizes were different. The DAT score changes were also
not statistically significant. The DAT scores from CryptPad were excluded as several answers

® Non-psychedelic VR B Psychedelic VR

1 2 3 4 5 6

participant particfpant partioipant participant participant participant

Discussion

were not submitted according to the rules.
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The sample in the current study was only 6 persons, who were all university students. This
might have had an effect on the results. Bigger and more diverse sample could have made the
results more reliable. Perhaps the effect of psychedelic virtual reality is relatively small and
could only be captured with a larger sample. Future studies are therefore needed to assess this
problem. Two of the participants had two mother languages and that may have affected the
results. The learning effect for both divergent thinking tests might have occured. The DAT was
done three times and the AUT two times. To minimize the learning effect different words were
used for both tests. The AUT rating is highly subjective and the inter-rater correlation was
moderate (r=0.4). The ratings of both raters were consistent in the sense that neither of them

observed any effects of psychedelic VR.

Glowacki and colleagues found that virtual reality could induce mystical experience
(Glowacki et al., 2020), which was measured by Mystical Experience Questionnaire- MEQ30
(Barrett et al., 2015). In “Isness” VR people could interact with each other and used Mudra
gloves for manipulating the experience (Glowacki et al., 2020). Social interaction could have
had mood-enhancing effects (Forstmann et al., 2020). The mystical experience and divergent
thinking share some similarities (Geels, 1982; Gowling, 1985). It is interesting to hypothesize
whether social interaction and interactive experience could have changed current study results.
Positive mood could enhance creativity (Fredrickson, 2001), although the effects are probably
more complex (Du et al., 2021). In the current study the participants sat alone in comfortable
chair and could not interact with the experience. Rominger and colleagues found that bodily
movement increases creativity (Rominger et al., 2021). Jaak Panksepp's brain's SEEKING
system has been associated with creativity (Nalbantian and Matthews, 2019; Reuter et al.,
2005). This system is primarily activated by dopamine that has been linked to movement
(Gepshtein et al., 2014). Therefore sitting still for a long time may have decreased divergent

thinking.

Psychedelics have other effects than visual stimuli and they could influence creativity through
pharmacological effects mediated through 5-HT receptors (Andersen et al., 2020; Madsen et
al, 2019) and DMN (Carhart-Harris and Friston, 2019). Although the effects on divergent
thinking are probably more complex as several other brain regions and their interaction is likely
to affect creativity (Beaty et al., 2018). This means that psychedelics may not always directly
increase divergent thinking. Three studies found increased divergent thinking during

psychedelic acute effects (Kuypers et al., 2016; Mason et al., 2019; Prochazkova et al., 2018).
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However Mason and colleagues found decreased divergent thinking during the acute phase,
but increased divergent thinking scores 7 days later (Mason et al., 2021). In these studies the
sample sizes were 26 (Kuypers et al., 2016), 55 (Mason et al., 2019), 38 (Prochazkova et al.,
2018) and 60 (Mason et al., 2021), again highlighting that the current study might simply have
had too few participants. In the studies with psychedelic compounds, participants' beliefs could
have had an effect on these results as they may believe in psychedelics’ creativity enhancing
effects and may seek out such experiences. There have not been many empirical studies on
divergent thinking and psychedelics. The used psychedelic compound and dose often vary
between studies. Kuypers et al. study used ayahuasca that contains N,N-dimethyltryptamine
(Kuypers et al., 2016) and several other studies used psilocybin (Mason et al., 2019; Mason et
al., 2021; Prochazkova et al., 2018). This is important, because different psychedelics have
different visual and pharmacological effects (Johnson et al., 2019). Different people have
variations in brain neurochemistry and anatomy (Mueller et al., 2013; Seghier and Price, 2018).
Consequently they have different responses to psychedelics (Zamberlan et al., 2018), that are

also affected by set (user's state) and setting (surrounding environment) (Studerus et al., 2012).

One of the participants of the current study did not perceive her body while being in psychedelic
VR. This event could share similarities with out-of-body experience. Psychedelics could induce
near-death/out-of-body experience as they share some similarities (Moody, 1975; Strassman et
al., 1994; Timmermann et al., 2018). States caused by DMT and near-death experiences have
both been described as being “realer than real” (Moody, 1975; Strassman, 2001). During the
VR-experience out-of-body experiences are more difficult to achieve as participants have to
wear a big VR-headset. One of the participants said that his neck became stiff from the headset
and two other participants said that the virtual reality was exhausting. Hence some of the
participants could not focus entirely on the VR experience. That was probably more relevant
for the psychedelic-VR as it lasted 60 minutes. Sounds coming from the surrounding
environment could have also disrupted the experience although it was minimized by using
music that came from the VR-headset headphones. Such complications could be solved by
future technological innovations that make VR-technology more comfortable and effective
(Cipresso et al., 2018). Future studies should assess whether out-of-body experiences during
psychedelic trips contribute to increased divergent thinking. If it turns out to be true, then this
data can be used to design better virtual realities for enhancing divergent thinking.
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As both VR sessions included meditation, it might have been that any potential effect of
psychedelic experiences on creativity was “masked” or “canceled” by a far stronger effect of
meditation. Meditation was used to help the participants relax and focus on the experience.
Open-monitoring meditation (OM) increased divergent thinking measured by the AUT
(Colzato et al., 2012). In OM meditation one is open to any sensation or thought. Second type
of meditation is focused-attention (FA) meditation, where the person focuses on one thing.
Most meditations combine these two approaches (Cahn and Polich, 2006). It is important to
mention there are many classification systems for different types of meditations (Matko and
SedImeier, 2019). Meditation used in the current study has many different characteristics, but
can be broadly classified as FA meditation. Other studies have also found meditation to boost
creativity (Colzato et al., 2014; Ding et al., 2014). Thus higher AUT fluency scores in the first
day could have been caused by shorter VR experience, that provided continuity for meditation's

effects.

At the beginning of the VR following note was given: “In this study we want to find out how
virtual reality affects creativity”. This may have affected the results through making some
participants believe that VR has an effect on creativity. This belief may have worked as a
placebo (Lundh, 1987; Moerman and Jonas, 2002), that has a noteworthy effect on people's
emotions, that consecutively influences creativity (Du et al., 2021; Fredrickson, 2001).
Although it is important to mention that the note did not say whether VR could increase or

decrease creativity. Hence belief may have changed the results either way.

Overall the results were influenced by aspects discussed above. Several remedies can be used
in future studies to reduce them. This experiment was conducted as a preliminary study that
connected VR, psychedelics and divergent thinking. Therefore future studies are needed to find

VR's capacity to affect creativity.



Effects of psychedelic virtual reality on divergent thinking 19

Acknowledgements

My gratitude goes to Jaan Aru for help with the theory and experiment's design. | would like
to thank Madis Vasser and Karl Kristjan Kaup for designing the virtual realities and helping

with the experiment set-up.



Effects of psychedelic virtual reality on divergent thinking 20

References

Abraham, H. D. (1983). Visual phenomenology of the LSD flashback. Archives of General
Psychiatry, 40(8), 884-889. 10.1001/archpsyc.1983.01790070074009

Abramson, H. (1967). The Use of LSD in Psychotherapy and Alcoholism. New York: Bobbs-
Merrill.

Aday J. S., Davoli, C. C., Bloesch, E. K. (2020). Psychedelics and virtual reality: parallels and
applications.  Therapeutic  Advances in

https://doi.org/10.1177/2045125320948356

Psychopharmacology, 10, 1-9.

Andersen, K. A. A., Carhart-Harris, R., Nutt, D. J., Erritzoe, D. (2020). Therapeutic effects of
classic serotonergic psychedelics: A systematic review of modern-era clinical studies.

Acta Psychiatrica Scandinavica, 143(2), 101-118. https://doi.org/10.1111/acps.13249

Anderson, P. L., Price, M., Edwards, S. M., Obasaju, M. A., Schmertz, S. K, Zimand, E.,
Calamaras, M. R. Virtual reality exposure therapy for social anxiety disorder: a

randomized controlled trial. (2013). Journal of Consulting and Clinical Psychology,
81(5), 751-760. https://doi.org/10.1037/a0033559

Barker, S. A. (2018). N, N-dimethyltryptamine (DMT), an Endogenous Hallucinogen: Past,
Present and Future Research to Determine Its Role and Function. Frontiers in
Neuroscience, 12. https://doi.org/10.3389/fnins.2018.00536

Barrett, F.S., Griffiths, R.R. (2018). Classic Hallucinogens and Mystical Experiences:

Phenomenology and Neural Correlates. Current topics in behavioral neurosciences, 36,
393-430. https://doi.org/10.1007/7854 2017 474

Barrett, F. S., Johnson, M. W., & Griffiths, R. R. (2015). Validation of the revised Mystical

Experience Questionnaire in experimental sessions with psilocybin. Journal of
Psychopharmacology, 29(11),

https://doi.org/10.1177/0269881115609019

1182-1190.

Beaty, R. E., Kenett, Y. N., Christensen, A. P., Rosenberg, M. D., Benedek, M., Chen, Q., Fink,
A., Qiu, J., Kwapil, T. R., Kane, M. J., & Silvia, P. J. (2018). Robust prediction of


https://doi.org/10.1001/archpsyc.1983.01790070074009
https://doi.org/10.1001/archpsyc.1983.01790070074009
https://doi.org/10.1177%2F2045125320948356
https://doi.org/10.1177%2F2045125320948356
https://doi.org/10.1177%2F2045125320948356
https://doi.org/10.1111/acps.13249
https://doi.org/10.1111/acps.13249
https://doi.apa.org/doi/10.1037/a0033559
https://doi.apa.org/doi/10.1037/a0033559
https://doi.org/10.3389/fnins.2018.00536
https://doi.org/10.3389/fnins.2018.00536
https://doi.org/10.1007/7854_2017_474
https://doi.org/10.1177/0269881115609019

Effects of psychedelic virtual reality on divergent thinking 21

individual creative ability from brain functional connectivity. Proceedings of the
National Academy of Sciences, 115(5), 1087-1092.
https://doi.org/10.1073/pnas.1713532115

Bressloff, P. C., Cowan, J. D., Golubitsky, M., Thomas P. J., Wiener. M. C. (2002) What
geometric visual hallucinations tell us about the visual cortex. Neural Computation,
14(3), 473-491. https://doi.org/10.1162/089976602317250861

Burdea, G. C., Coiffet, P. (2003). Virtual reality technology, second edition. Hoboken, NJ:
John Wiley.

Busch, A. K., Johnson, W. C. (1950). L.S.D. 25 as an aid in psychotherapy; preliminary report
of a new drug. Diseases of the Nervous System, 11, 241-243.

Cahn, B. R., & Polich, J. (2006). Meditation states and traits: EEG, ERP, and neuroimaging
studies. Psychological Bulletin, 132(2), 180-211. https://doi.org/10.1037/0033-
2909.132.2.180

Carhart-Harris, R. L., Bolstridge, M., Rucker, J., Day, C. M. J., Erritzoe, D., Kaelen, M.,
..Nutt, D. (2016). Psilocybin with psychological support for treatment-resistant
depression: an open-label feasibility study. Lancet Psychiatry, 3, 619-627.
https://doi.org/10.1016/S2215-0366(16)30065-7

Carhart-Harris, R. L., Leech, R., Hellyer, P. J., Shanahan, M., Feilding, A., Tagliazucchi, E.,
..Nutt, D. (2014). The entropic brain: a theory of conscious states informed by
neuroimaging research with psychedelic drugs. Frontiers in Human Neuroscience, 8.
https://doi.org/10.3389/fnhum.2014.00020

Carhart-Harris, R. L., Friston, K. J. (2019). REBUS and the Anarchic Brain: Toward a Unified
Model of the Brain Action of Psychedelics. Pharmacological Reviews, 71(3), 316-344.
https://doi.org/10.1124/pr.118.017160

Chandler, A., Hartman, M. (1960). Lysergic Acid Diethylamide (LSD-25) as a Facilitating
Agent in Psychotherapy. Archives of General Psychiatry, 2, 286-299.
https://doi.org/10.1001/archpsyc.1960.0359009004200



https://doi.org/10.1073/pnas.1713532115
https://doi.org/10.1162/089976602317250861
https://doi.org/10.1162/089976602317250861
https://doi.org/10.1037/0033-2909.132.2.180
https://doi.org/10.1037/0033-2909.132.2.180
https://doi.org/10.1016/S2215-0366(16)30065-7
https://doi.org/10.1016/S2215-0366(16)30065-7
https://doi.org/10.1016/S2215-0366(16)30065-7
https://doi.org/10.3389/fnhum.2014.00020
https://doi.org/10.3389/fnhum.2014.00020
https://doi.org/10.3389/fnhum.2014.00020
https://doi.org/10.1124/pr.118.017160
https://doi.org/10.1124/pr.118.017160
https://doi.org/10.1124/pr.118.017160
https://doi.org/10.1001/archpsyc.1960.03590090042008

Effects of psychedelic virtual reality on divergent thinking 22

Cipresso, P., Giglioli, I. A. C., Raya, M. A., & Riva, G. (2018). The Past, Present, and Future
of Virtual and Augmented Reality Research: A Network and Cluster Analysis of the
Literature. Frontiers in Psychology, 9. https://doi.org/10.3389/fpsyq.2018.02086

Colzato, L. S., Ozturk, A., & Hommel, B. (2012). Meditate to Create: The Impact of Focused-
Attention and Open-Monitoring Training on Convergent and Divergent Thinking.
Frontiers in Psychology, 3. https://doi.org/10.3389/fpsyq.2012.00116

Colzato, L. S., Szapora, A., Lippelt, D., & Hommel, B. (2014). Prior Meditation Practice
Modulates Performance and Strategy Use in Convergent- and Divergent-Thinking
Problems. Mindfulness, 8(1), 10-16. https://doi.org/10.1007/s12671-014-0352-9

Ding, X., Tang, Y.-Y., Tang, R., & Posner, M. I. (2014). Improving creativity performance by
short-term meditation. Behavioral and Brain Functions, 10(2).
https://doi.org/10.1186/1744-9081-10-9

Domino, E. F., Kamenka, J. M., Geneste, P. (1983) The joint French-US seminar on
phencyclidine and related arylcyclohexylamines. Trends in Pharmacological Sciences,
4, 363-367. https://doi.org/10.1016/0165-6147(83)90445-5

Du, Y, Yang, Y., Wang, X., Xie, C., Liu, C., Hu, W., & Li, Y. (2021). A Positive Role of
Negative Mood on Creativity: The Opportunity in the Crisis of the COVID-19
Epidemic. Frontiers in Psychology, 11. https://doi.org/10.3389/fpsyg.2020.600837

Fingelkurts, A. A., Fingelkurts, A. A., Bagnato, S., Boccagni, C., Galardi, G. (2012). DMN
Operational Synchrony Relates to Self-consciousness: Evidence from Patients in
Vegetative and Minimally Conscious States. Open Neuroimaging, 6, 55-68.
https://doi.org/10.2174/1874440001206010055

Forstmann, M., Yudkin, D. A., Prosser, A. M. B., Heller, S. M., & Crockett, M. J. (2020).
Transformative experience and social connectedness mediate the mood-enhancing
effects of psychedelic use in naturalistic settings. Proceedings of the National Academy
of Sciences, 117(5), 2338-2346. https://doi.org/10.1073/pnas.1918477117

Frecska, E., Moré, C. E., Vargha, A., Luna, L. E. (2012). Enhancement of creative expression
and entoptic phenomena as after-effects of repeated ayahuasca ceremonies. Journal of
psychoactive drugs, 44(3), 191-199. https://doi.org/10.1080/02791072.2012.703099



https://doi.org/10.3389/fpsyg.2018.02086
https://doi.org/10.3389/fpsyg.2012.00116
https://doi.org/10.1007/s12671-014-0352-9
https://doi.org/10.1186/1744-9081-10-9
https://doi.org/10.1016/0165-6147(83)90445-5
https://doi.org/10.3389/fpsyg.2020.600837
https://doi.org/10.2174/1874440001206010055
https://doi.org/10.2174/1874440001206010055
https://doi.org/10.2174/1874440001206010055
https://doi.org/10.1073/pnas.1918477117
https://doi.org/10.1080/02791072.2012.703099
https://doi.org/10.1080/02791072.2012.703099

Effects of psychedelic virtual reality on divergent thinking 23

Fredrickson, B. L. (2001). The role of positive emotions in positive psychology: The broaden-
and-build theory of positive emotions. American Psychologist, 56(3), 218-226.
https://doi.org/10.1037/0003-066x.56.3.218

Friston, K. (2010). The free-energy principle: a unified brain theory? Nature Reviews
Neuroscience, 11(2), 127-138. https://doi.org/10.1038/nrn2787

Garcia-Romeu A., Griffiths R. R., Johnson M. W. (2015). Psilocybin-occasioned mystical
experiences in the treatment of tobacco addiction. Current Drug Abuse Reviews, 7(3),
157-164. https://doi.org/10.2174/1874473708666150107121331

Geels, A. (1982). Mystical experience and the emergence of creativity. Scripta Instituti
Donneriani Aboensis, 11, 27-62. https://doi.org/10.30674/scripta.67129

Gepshtein, S., Li, X., Snider, J., Plank, M., Lee, D., & Poizner, H. (2014). Dopamine Function
and the Efficiency of Human Movement. Journal of Cognitive Neuroscience, 26(3),
645-657. https://doi.org/10.1162/jocn_a_00503

Girn, M., Christoff, K. (2019). Expanding the Scientific Study of Self-Experience with
Psychedelics. Journal of Consciousness Studies, 25, 131-154.

Girn, M., Mills, C., Roseman, L., Carhart-Harris, R. L., Christoff, K. (2020). Updating the
dynamic framework of thought: Creativity and psychedelics. Neurolmage, 213,
116726. https://doi.org/10.1016/j.neuroimage.2020.116726

Glennon, R. A., Teitler, M., Sanders-Bush, E. (1992). Hallucinogens and serotonergic
mechanisms. NIDA Research Monograph, 119, 131-135.

Glowacki, D. R., Wonnacott, M. D., Freire, D., Glowacki, B. R., Gale, E. M., Pike J. E.,
...Metatla, O. (2020). Isness: Using Multi-Person VR to Design Peak Mystical-Type
Experiences Comparable to Psychedelics, CHI '20: Proceedings of the 2020 CHI
Conference  on  Human  Factors in  Computing  Systems,  1-14.
https://doi.org/10.1145/3313831.3376649

Cowling, W. R., Ill. (1985). Relationship of Mystical Experience, Differentiation, and
Creativity. Perceptual and Motor Skills, 61(2), 451-456.
https://doi.org/10.2466/pms.1985.61.2.451



https://doi.org/10.1037/0003-066x.56.3.218
https://doi.org/10.1038/nrn2787
https://doi.org/10.1038/nrn2787
https://doi.org/10.2174/1874473708666150107121331
https://doi.org/10.2174/1874473708666150107121331
https://doi.org/10.30674/scripta.67129
https://doi.org/10.1162/jocn_a_00503
https://doi.org/10.1016/j.neuroimage.2020.116726
https://doi.org/10.1016/j.neuroimage.2020.116726
https://doi.org/10.1145/3313831.3376649
https://doi.org/10.1145/3313831.3376649
https://doi.org/10.1145/3313831.3376649
https://doi.org/10.2466/pms.1985.61.2.451

Effects of psychedelic virtual reality on divergent thinking 24

Grinspoon, L. (1981). LSD reconsidered. The Sciences, 21(1), 20-23.

Griffiths, R. R., Johnson, M. W., Carducci, M. A., Umbricht, A., Richards, W. A., Richards,
B. D., ..Klinedinst, M. A. (2016). Psilocybin produces substantial and sustained
decreases in depression and anxiety in patients with life-threatening cancer: A
randomized double-blind trial. Journal of Psychopharmacology, 30(12), 1181-1197.
https://doi.org/10.1177/0269881116675513

Griffiths, R. R., Richards, W. A., McCann, U., Jesse, R. (2006). Psilocybin can occasion
mystical-type experiences having substantial and sustained personal meaning and
spiritual significance. Psychopharmacology, 187, 268-283.
https://doi.org/10.1007/s00213-006-0457-5

Guerra-Doce, E. (2015). Psychoactive Substances in Prehistoric Times: Examining the
Archaeological Evidence. Time and Mind, 8, 91-112.
https://doi.org/10.1080/1751696x.2014.993244

Guilford, J.  P. (1950). Creativity. American Psychologist, 5, 444-454.
https://doi.org/10.1037/h0063487

Haijen, E. C. H. M., Kaelen, M., Roseman, L., Timmermann. C., Kettner, H., Russ, S.,
...Carhart-Harris, R. L. (2018) Predicting Responses to Psychedelics: A Prospective
Study. Frontiers in Pharmacology, 9. https://doi.org/10.3389/fphar.2018.00897

Hofmann, A., Ott, J., Feilding, A. (2013). LSD: My problem child and insights/outlooks.
Oxford: Oxford University Press.

Johnson, M. W., Hendricks, P. S., Barrett, F. S., Griffiths, R. R. (2019). Classic psychedelics:
An integrative review of epidemiology, therapeutics, mystical experience, and brain
network  function. Pharmacology &  Therapeutics, 197, 83-102.
https://doi.org/10.1016/j.pharmthera.2018.11.010

Kuypers, K. P. C., Riba, J., de la Fuente Revenga, M., Barker, S., Theunissen, E. L.,
Ramaekers, J. G. (2016). Ayahuasca enhances creative divergent thinking while
decreasing conventional convergent thinking. Psychopharmacology, 233, 3395-3403.
https://doi.org/10.1007/s00213-016-4377-8



https://doi.org/10.1177%2F0269881116675513
https://doi.org/10.1177%2F0269881116675513
https://doi.org/10.1177%2F0269881116675513
https://doi.org/10.1007/s00213-006-0457-5
https://doi.org/10.1007/s00213-006-0457-5
https://doi.org/10.1007/s00213-006-0457-5
https://doi.org/10.1080/1751696x.2014.993244
https://doi.org/10.1080/1751696x.2014.993244
https://doi.org/10.1080/1751696x.2014.993244
https://psycnet.apa.org/doi/10.1037/h0063487
https://doi.org/10.3389/fphar.2018.00897
https://doi.org/10.3389/fphar.2018.00897
https://doi.org/10.1016/j.pharmthera.2018.11.010
https://doi.org/10.1016/j.pharmthera.2018.11.010
https://doi.org/10.1016/j.pharmthera.2018.11.010
https://doi.org/10.1007/s00213-016-4377-8
https://doi.org/10.1007/s00213-016-4377-8
https://doi.org/10.1007/s00213-016-4377-8

Effects of psychedelic virtual reality on divergent thinking 25

Lundh, L. G. (1987). Placebo, belief, and health. A cognitive—emotion model. Scandinavian
Journal  of Psychology, 28(2), 128-143. https://doi.org/10.1111/j.1467-
9450.1987.tb00747.x

Madsen, M. K., Fisher, P. M., Burmester, D., Dyssegaard, A., Stenbak, D. S., Kristiansen,
S...Knudsen, G. M. (2019). Psychedelic effects of psilocybin correlate with serotonin
2A receptor occupancy and plasma psilocin levels. Neuropsychopharmacology, 44,
1328-1334. https://doi.org/10.1038/s41386-019-0324-9

Mason, N. L., Mischler, E., Uthaug, M. V., Kuypers, K. P. C. (2019). Sub-Acute Effects of
Psilocybin on Empathy, Creative Thinking, and Subjective Well-Being. Journal of
Psychoactive Drugs, 51, 123-134. https://doi.org/10.1080/02791072.2019.1580804

Mason, N. L., Kuypers, K. P. C., Reckweg, J. T., Miller, F., Tse, T. H. Y., Da Rios,
B,...Ramaekers, J. G. (2021). Spontaneous and deliberate creative cognition during and
after  psilocybin  exposure.  Translational Psychiatry, 11(1),  200.
https://doi.org/10.1038/s41398-021-01335-5

Matko, K., & SedIimeier, P. (2019). What Is Meditation? Proposing an Empirically Derived
Classification System. Frontiers in Psychology, 10.
https://doi.org/10.3389/fpsyq.2019.02276

Mednick, S. (1962). The associative basis of the creative process. Psychological Review, 69(3),
220-232. https://doi.org/10.1037/h0048850

Moerman, D. E., & Jonas, W. B. (2002). Deconstructing the Placebo Effect and Finding the
Meaning Response. Annals of Internal Medicine, 136(6), 471-476.
https://doi.org/10.7326/0003-4819-136-6-200203190-00011

Moody, R. (1975). Life After Life: The Investigation of a Phenomenon Survival of Bodily
Death. New York, NY: Harper Collins

Moroz, M., Carhart-Harris, R. L. (2018). Employing Synergistic Interactions of Virtual Reality
and Psychedelics in Neuropsychopharmacology. 2018 IEEE Workshop on Augmented
and Virtual Realities for Good (VAR4Good).
https://doi.org/10.1109/var4good.2018.8576882



https://doi.org/10.1111/j.1467-9450.1987.tb00747.x
https://doi.org/10.1111/j.1467-9450.1987.tb00747.x
https://doi.org/10.1038/s41386-019-0324-9
https://doi.org/10.1038/s41386-019-0324-9
https://doi.org/10.1080/02791072.2019.1580804
https://doi.org/10.1080/02791072.2019.1580804
https://doi.org/10.1038/s41398-021-01335-5
https://doi.org/10.1038/s41398-021-01335-5
https://doi.org/10.1038/s41398-021-01335-5
https://doi.org/10.3389/fpsyg.2019.02276
https://psycnet.apa.org/doi/10.1037/h0048850
https://doi.org/10.1037/h0048850
https://doi.org/10.7326/0003-4819-136-6-200203190-00011
https://doi.org/10.1109/var4good.2018.8576882
https://doi.org/10.1109/var4good.2018.8576882
https://doi.org/10.1109/var4good.2018.8576882

Effects of psychedelic virtual reality on divergent thinking 26

Mueller, S., Wang, D., Fox, M. D., Yeo, B. T. T., Sepulcre, J., Sabuncu, M. R., Shafee, R., Lu,
J., & Liu, H. (2013). Individual Variability in Functional Connectivity Architecture of
the Human Brain. Neuron, 77(3), 586-595.
https://doi.org/10.1016/j.neuron.2012.12.028

Nalbantian, S., Matthews, P. M. (2019). Secrets of Creativity. Oxford University Press.
https://doi.org/10.1093/0s0/9780190462321.001.0001

Nour, M. M., Evans, L., Nutt, D., Carhart-Harris, R. L. (2016) Ego-Dissolution and
Psychedelics: Validation of the Ego-Dissolution Inventory (EDI). Frontiers in Human
Neuroscience, 10. https://doi.org/10.3389/fnhum.2016.00269

Nutt, D., Erritzoe, D., Carhart-Harris, R. (2020). Psychedelic Psychiatry’s Brave New World.
Cell, 181(1), 24-28. https://doi.org/10.1016/j.cell.2020.03.020

Rucker, J. J. H., lliff, J., Nutt, D. J. (2018). Psychiatry & the psychedelic drugs. Past, present
& future. Neuropharmacology, 142, 200-218.
https://doi.org/10.1016/j.neuropharm.2017.12.040

Nutt, D., King, L., Nichols, D. (2013). Effects of Schedule I drug laws on neuroscience research
and treatment innovation. Nature Reviews Neuroscience, 14, 577-585.
https://doi.org/10.1038/nrn3530

Olson, J. A., Nahas, J., Chmoulevitch, D., Webb, M. E. (2020). Naming unrelated words
reliably predicts creativity. PsyArXiv. https://doi.org/10.31234/osf.io/qvg8b

@stby, Y., Walhovd, K. B., Tamnes, C. K. , Grydeland, H., Westlye, L. T., Fjell, A. M.
(2012). Mental time travel and default-mode network functional connectivity in the
developing brain. Proceedings of the National Academy of Sciences of the United States
of America, 109(42), 16800-16804. https://doi.org/10.1073/pnas.1210627109

Preller K. H., Herdener, M., Pokorny, T., Planzer, A., Kraehenmann, R., Stampfli, P., ...
Vollenweider, F. X. (2017). The Fabric of Meaning and Subjective Effects in LSD-
Induced States Depend on Serotonin 2A Receptor Activation. Current Biology, 27(3),
451-457. https://doi.org/10.1016/j.cub.2016.12.030



https://doi.org/10.1016/j.neuron.2012.12.028
https://doi.org/10.1093/oso/9780190462321.001.0001
https://doi.org/10.3389/fnhum.2016.00269
https://doi.org/10.3389/fnhum.2016.00269
https://doi.org/10.1016/j.cell.2020.03.020
https://doi.org/10.1016/j.cell.2020.03.020
https://doi.org/10.1016/j.neuropharm.2017.12.040
https://doi.org/10.1016/j.neuropharm.2017.12.040
https://doi.org/10.1016/j.neuropharm.2017.12.040
https://doi.org/10.1038/nrn3530
https://doi.org/10.1038/nrn3530
https://doi.org/10.1038/nrn3530
https://doi.org/10.31234/osf.io/qvg8b
https://doi.org/10.31234/osf.io/qvg8b
https://doi.org/10.1073/pnas.1210627109
https://doi.org/10.1073/pnas.1210627109
https://doi.org/10.1016/j.cub.2016.12.030
https://doi.org/10.1016/j.cub.2016.12.030

Effects of psychedelic virtual reality on divergent thinking 27

Preller, K. H., Vollenweider, F. X. (2016). Phenomenology, Structure, and Dynamic of
Psychedelic States. Behavioral Neurobiology of Psychedelic Drugs. Current Topics in
Behavioral Neurosciences, 36, 221-256. https://doi.org/10.1007/7854 2016 459

Prochazkova, L., Lippelt, D. P., Colzato, L. S., Kuchar, M., Sjoerds, Z., Hommel B. (2018).
Exploring the effect of microdosing psychedelics on creativity in an open-label natural
setting. Psychopharmacology, 235, 3401-3413. https://doi.org/10.1007/s00213-018-
5049-7

Reuter, M., Panksepp, J., Schnabel, N., Kellerhoff, N., Kempel, P., & Hennig, J. (2005).
Personality and Biological Markers of Creativity. European Journal of Personality,
19(2), 83-95. https://doi.org/10.1002/per.534

Richards, W. (1979). Psychedelic drug-assisted psychotherapy with persons suffering from
terminal cancer. Journal of Altered States of Consciousness, 5(4), 309-319.

Rominger, C., Fink, A., Weber, B., Papousek, 1., & Schwerdtfeger, A. R. (2020). Everyday
bodily movement is associated with creativity independently from active positive
affect: a Bayesian mediation analysis approach. Scientific Reports, 10(1).
https://doi.org/10.1038/s41598-020-68632-9

Roseman, L., Nutt, D. J., Carhart-Harris, R. L. (2018). Quality of Acute Psychedelic
Experience Predicts Therapeutic Efficacy of Psilocybin for Treatment-Resistant
Depression. Frontiers in Pharmacology, 8. https://doi.org/10.3389/fphar.2017.00974

Savage, C., McCabe, O. L. (1973). Residential psychedelic (LSD) therapy for the narcotic
addict: A controlled study. Archives of General Psychiatry, 28(6), 808-814.
https://doi.org/10.1001/archpsyc.1973.01750360040005

Seghier, M. L., & Price, C. J. (2018). Interpreting and Utilising Intersubject Variability in Brain
Function. Trends in Cognitive Sciences, 22(6), 517-530.
https://doi.org/10.1016/j.tics.2018.03.003

Schultes, R. E. (1938). The Appeal of Peyote (Lophophora Williamsii) as a Medicine.
American Anthropologist, 40, 698-715.

Strassman, R. (2001). DMT: The Spirit Molecule. Rochester: Park Street Press


https://doi.org/10.1007/7854_2016_459
https://doi.org/10.1007/7854_2016_459
https://doi.org/10.1007/s00213-018-5049-7
https://doi.org/10.1007/s00213-018-5049-7
https://doi.org/10.1007/s00213-018-5049-7
https://psycnet.apa.org/doi/10.1002/per.534
https://psycnet.apa.org/doi/10.1002/per.534
https://doi.org/10.1038/s41598-020-68632-9
https://doi.org/10.3389/fphar.2017.00974
https://doi.org/10.3389/fphar.2017.00974
https://doi.org/10.1001/archpsyc.1973.01750360040005
https://doi.org/10.1001/archpsyc.1973.01750360040005
https://doi.org/10.1001/archpsyc.1973.01750360040005
https://doi.org/10.1016/j.tics.2018.03.003

Effects of psychedelic virtual reality on divergent thinking 28

Strassman, R. J., Qualls, C. R., Uhlenhuth, E. H., & Kellner, R. (1994). Dose-response study
of N,N-dimethyltryptamine in humans. 1. Subjective effects and preliminary results of
a new rating scale. Archives of general psychiatry, 51(2), 98-108.
https://doi.org/10.1001/archpsyc.1994.03950020022002

Strassman, R. J., Qualls, C. R. (1994). Dose-response study of N,N-dimethyltryptamine in
humans. I. Neuroendocrine, autonomic, and cardiovascular effects. Archives of General
Psychiatry, 51(2), 85-97. https://doi.org/10.1001/archpsyc.1994.03950020009001

Studerus, E., Gamma, A., Kometer, M., & Vollenweider, F. X. (2012). Prediction of Psilocybin
Response in  Healthy Volunteers. PLoS ONE, 7(2), p. €30800.
https://doi.org/10.1371/journal.pone.0030800

Studerus, E., Gamma, A., & Vollenweider, F. X. (2010). Psychometric Evaluation of the
Altered States of Consciousness Rating Scale (OAV). PLoS ONE, 5(8), p. e12412.
https://doi.org/10.1371/journal.pone.0012412

Studerus, E., Kometer, M., Hasler, F., Vollenweider, F. X. (2011). Acute, subacute and long-
term subjective effects of psilocybin in healthy humans: a pooled analysis of
experimental studies. Journal of Psychopharmacology, 25(11), 1434-1452.
https://doi.org/10.1177/0269881110382466

Suzuki, K., Roseboom, W., Schwartzman, D.J., Seth, A. K. (2017). A deep-dream virtual
reality platform for studying altered perceptual phenomenology. Scientific Reports, 7
(1). https://doi.org/10.1038/s41598-017-16316-2

Timmermann, C., Roseman, L., Williams, L., Erritzoe, D., Martial, C., Cassol, H., Laureys, S.,
Nutt, D., & Carhart-Harris, R. (2018). DMT Models the Near-Death Experience.
Frontiers in Psychology, 9. https://doi.org/10.3389/fpsyq.2018.01424

Vincent, A. S., Decker, B. P., Mumford, M. D. (2002). Divergent thinking, intelligence, and
expertise: a test of alternative models. Creativity Research. Journal, 14, 163-178.
https://doi.org/10.1207/s15326934crj1402_4

Zamberlan, F., Sanz, C., Martinez Vivot, R., Pallavicini, C., Erowid, F., Erowid, E., &
Tagliazucchi, E. (2018). The Varieties of the Psychedelic Experience: A Preliminary
Study of the Association Between the Reported Subjective Effects and the Binding


https://doi.org/10.1001/archpsyc.1994.03950020022002
https://doi.org/10.1001/archpsyc.1994.03950020009001
https://doi.org/10.1001/archpsyc.1994.03950020009001
https://doi.org/10.1371/journal.pone.0030800
https://doi.org/10.1371/journal.pone.0012412
https://doi.org/10.1177/0269881110382466
https://doi.org/10.1177/0269881110382466
https://doi.org/10.1177/0269881110382466
https://doi.org/10.1038/s41598-017-16316-2
https://doi.org/10.1038/s41598-017-16316-2
https://doi.org/10.3389/fpsyg.2018.01424
https://doi.org/10.1207/s15326934crj1402_4
https://doi.org/10.1207/s15326934crj1402_4
https://doi.org/10.1207/s15326934crj1402_4

Effects of psychedelic virtual reality on divergent thinking 29

Affinity Profiles of Substituted Phenethylamines and Tryptamines. Frontiers in
Integrative Neuroscience, 12. https://doi.org/10.3389/fnint.2018.00054

Wallach, M. A., & Kogan, N. (1965). A new look at the creativity-intelligence distinctionl.
Journal  of  Personality, 33(3), 348-369. https://doi.org/10.1111/j.1467-
6494.1965.th01391.x

Weil, A. T., Davis, W. (1994). Bufo alvarius: a potent hallucinogen of animal origin. Journal
of Ethnopharmacology, 41(1-2), 1-8. https://doi.org/10.1016/0378-8741(94)90051-5

Wesson, D. R. (2011). Psychedelic drugs, hippie counterculture, speed and phenobarbital
treatment of sedative-hypnotic dependence: a journey to the Haight Ashbury in the
Sixties. Journal of Psychoactive Drugs, 43(2), 153-164.
https://doi.org/10.1080/02791072.2011.587708

Yaden, D. B., Griffiths, R. R. (2020). The Subjective Effects of Psychedelics Are Necessary
for Their Enduring Therapeutic Effects. ACS Pharmacology & Translational Science
4(2), 568-572. https://doi.org/10.1021/acsptsci.0c00194

Yaden, D. B., lwry, J.,, Slack, K. J., Eichstaedt, J. C., Zhao, Y., Vaillant, G. E., Newberg, A. B.
(2016). The overview effect: awe and self-transcendent experience in space flight.
Psychology of Consciousness: Theory, Research, and Practice, 3(1), 1-11.
https://doi.org/10.1037/cns0000086



https://doi.org/10.3389/fnint.2018.00054
https://doi.org/10.1111/j.1467-6494.1965.tb01391.x
https://doi.org/10.1111/j.1467-6494.1965.tb01391.x
https://doi.org/10.1016/0378-8741(94)90051-5
https://doi.org/10.1080/02791072.2011.587708
https://doi.org/10.1080/02791072.2011.587708
https://doi.org/10.1080/02791072.2011.587708
https://doi.org/10.1021/acsptsci.0c00194
https://psycnet.apa.org/doi/10.1037/cns0000086
https://psycnet.apa.org/doi/10.1037/cns0000086
https://doi.org/10.1037/cns0000086

Effects of psychedelic virtual reality on divergent thinking 30

Ké&esolevaga kinnitan, et olen korrektselt viidanud kdigile oma t66s kasutatud teiste autorite

poolt loodud kirjalikele toodele, lausetele, motetele, ideedele vdi andmetele.
Olen ndus oma t66 avaldamisega Tartu Ulikooli digitaalarhiivis DSpace.

/Marten Kase/



