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I Chris Timmermann

I Adam Barrett

I Murray Shanahan

I Madalina Sas

2



INTRODUCTION THE ENTROPIC BRAIN MUSICAL IMPROVISATION PSYCHEDELIC STATE

HOW THIS TALK IS GOING TO GO

Time
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psychedelic
ψνχη (“mind, soul”) + δηλoσ (“manifest, reveal”)

1. (noun) Any psychoactive substance (such as LSD or psilocybin)
which, when consumed, causes perceptual changes (sometimes
erratic and uncontrollable), visual hallucination, and altered
awareness of the body and mind.

2. (hippie slang) awesome, cool, groovy.

The Wiktionary
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ALTERED STATES OF CONSCIOUSNESS

I Defined with respect to a “normal” state of consciousness.

I Complex, multi-faceted changes in experience.
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ALTERED STATES OF CONSCIOUSNESS
QUANTITATIVE PHENOMENOLOGY

Nature Reviews | Neuroscience
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mechanisms of action of psilocybin or of 
related compounds in the treatment of OCD 
are warranted.

Encouraged by early findings (BOX 2), 
several clinical centres have begun to inves-
tigate the potential beneficial effects of psi-
locybin (ClinicalTrials.gov: NCT00302744, 
NCT00957359 and NCT00465595) and LSD 
(ClinicalTrials.gov: NCT00920387) in the  
treatment of anxiety and depression in 
patients with terminal cancer, using state 
of the art, double-blind, placebo-controlled 
designs. One of these studies has recently 
been completed and revealed that moder-
ate doses of psilocybin improved mood and 
reduced anxiety and that this relief variably 
lasted between 2 weeks and 6 months in 
patients with advanced cancer (C.S. Grob, 
personal communication). Finally, another 
recent study reported that psilocybin and LSD 
aborted attacks, terminated the cluster period 

or extended the remission period in people 
suffering from cluster headaches41. Taken 
together, these findings support early obser-
vations in the 1960s that classical hallucino-
gens have antinociceptive potential and may 
not only reduce symptoms but also induce 
long-lasting adaptive processes.

neurobiology of psychedelic drugs
The enormous progress that has been made 
in our understanding of the mechanisms of 
action of psychedelics12,42–45 and the neurobi-
ology of affective disorders34,46,47 has enabled 
us to postulate new hypotheses regarding the 
therapeutic mechanisms of psychedelics and 
their clinical applications. Here we focus on 
the glutamatergic and serotonergic mecha-
nisms of action of psychedelics with regard 
to their most promising indications — that 
is, their use in the treatment of depression 
and anxiety.

Classical hallucinogens. The classical hallu-
cinogens are comprised of three main chem-
ical classes: the plant-derived tryptamines 
(for example, psilocybin) and phenethyl-
amines (for example, mescaline), and the 
semisynthetic ergolines (for example, LSD)48. 
Although all classical hallucinogens display 
high affinity for 5-HT2 receptors, they also 
interact to some degree with 5-HT1, 5-HT4, 
5-HT5, 5-HT6 and 5-HT7 receptors12. In con-
trast to the tryptamines, the ergolines also 
show high intrinsic activity at dopamine D2 
receptors and at α-adrenergic receptors49.

Converging evidence from pharmaco-
logical50, electrophysiological51,52 and behav-
ioural studies in animals53,54 suggests that 
classical hallucinogens produce their effects 
in animals and possibly in humans primarily 
through agonistic actions at cortical 5-HT2A 
receptors (FiG. 1a). Consistent with this view, 
selectively restoring 5-HT2A receptors in 

 Box 1 | Assessing altered states of consciousness

Quantifying altered states of consciousness was problematic in the early years 
of hallucinogen research. Today, however, there are validated instruments  
for assessing various aspects of consciousness. According to Dittrich133,  
hallucinogen-induced altered states of consciousness can be reliably measured 
by the five-dimensional altered states of consciousness (5DASC)  
rating scale. This scale comprises five primary dimensions and their respective 
subdimensions (see the figure). The primary dimensions are ‘oceanic 
boundlessness’ (shown by orange boxes), referring to positively experienced 
loss of ego boundaries that are associated with changes in the sense of  
time and emotions — ranging from heightened mood to sublime happiness  
and feelings of unity with the environment; ‘anxious ego-disintegration’  
(shown by purple boxes), including thought disorder and loss of self-control;  
‘visionary restructuralization’ (shown by blue boxes), referring to perceptual  
alterations (such as visual illusions and hallucinations), and altered meaning of 
percepts; acoustic alterations (not shown), including hypersensitivity to sound 
and auditory hallucinations; and altered vigilance (not shown).

In general, the intensity of these psychedelic-induced alterations of 
consciousness and perception is dose-dependent, so that hallucinations 
that involve disorientation in person, place and time rarely, if ever, occur 
with low to medium doses4–6. However, at larger doses — and depending 
on the individual, his or her expectations and the setting — the same 
hallucinogen might produce a pleasurable loss of ego boundaries combined 
with feelings of oneness or might lead to a more psychotic ego dissolution 
that involves fear and paranoid ideation4,132,134. Such experiential 
phenomena are otherwise rarely reported except in dreams, contemplative 
or religious exaltation and acute psychoses11,135. The figure shows that the 
classical hallucinogen psilocybin (0.015–0.027 g per kg, by mouth) (see  
the figure, left) and the dissociative s-ketamine (6–12 μg per kg per min, 
intravenously) (see the figure, right) produce a set of overlapping 
psychological experiences, measured by the 5DASC rating scale and 
respective subscales. The scales indicate the percentage scored of the 
maximum score.

P e r s P e c t i v e s

644 | SEPTEMbER 2010 | VOLUME 11  www.nature.com/reviews/neuro

© 20  Macmillan Publishers Limited. All rights reserved10
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ALTERED STATES OF CONSCIOUSNESS
GOAL

Physiology Phenomenology

Schmidt et al. (in prep) Quantifying the Phenomenology of Altered States of Consciousness

Timo Torsten Schmidt              @Titoschmi
Quantification of ASC experiences ASSC 2018

26th June 2018
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ALTERED STATES OF CONSCIOUSNESS
THIS TALK

MUSICAL IMPROVISATION

PSYCHEDELICS
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THE ENTROPIC BRAIN

Richness of
experience

Signal
diversity
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Entropy is a dimensionless quantity that is used for measuring uncertainty about the state
of a system but it can also imply physical qualities, where high entropy is synonymous
with high disorder. Entropy is applied here in the context of states of consciousness
and their associated neurodynamics, with a particular focus on the psychedelic state.
The psychedelic state is considered an exemplar of a primitive or primary state of
consciousness that preceded the development of modern, adult, human, normal waking
consciousness. Based on neuroimaging data with psilocybin, a classic psychedelic drug,
it is argued that the defining feature of “primary states” is elevated entropy in certain
aspects of brain function, such as the repertoire of functional connectivity motifs that
form and fragment across time. Indeed, since there is a greater repertoire of connectivity
motifs in the psychedelic state than in normal waking consciousness, this implies that
primary states may exhibit “criticality,” i.e., the property of being poised at a “critical”
point in a transition zone between order and disorder where certain phenomena such
as power-law scaling appear. Moreover, if primary states are critical, then this suggests
that entropy is suppressed in normal waking consciousness, meaning that the brain
operates just below criticality. It is argued that this entropy suppression furnishes normal
waking consciousness with a constrained quality and associated metacognitive functions,
including reality-testing and self-awareness. It is also proposed that entry into primary
states depends on a collapse of the normally highly organized activity within the default-
mode network (DMN) and a decoupling between the DMN and the medial temporal lobes
(which are normally significantly coupled). These hypotheses can be tested by examining
brain activity and associated cognition in other candidate primary states such as rapid eye
movement (REM) sleep and early psychosis and comparing these with non-primary states
such as normal waking consciousness and the anaesthetized state.

Keywords: serotonin, default mode network, criticality, entropy, 5-HT2A receptor, metastability, consciousness,

REM sleep

INTRODUCTION
The main aim of this paper is to introduce a new theory of
conscious states that incorporates principles of physics, neurobi-
ology, and psychoanalysis. The theory is intended to assist our
understanding of the makeup of the human mind, addressing
such questions as: “how does the normal waking consciousness
of healthy adult humans relate to other states of consciousness?”
“how does the human brain maintain its normal state of waking
consciousness?” and “what happens to the human brain’s func-
tionality when non-ordinary states such as rapid eye movement
(REM) sleep/dreaming, early psychosis and the psychedelic state
occur?”

At its core, the entropic brain hypothesis proposes that
the quality of any conscious state depends on the system’s

entropy1 measured via key parameters of brain function. Entropy
is a powerful explanatory tool for cognitive neuroscience since it
provides a quantitative index of a dynamic system’s randomness
or disorder while simultaneously describing its informational
character, i.e., our uncertainty about the system’s state if we were
to sample it at any given time-point. When applied in the context
of the brain, this allows us to make a translation between mecha-
nistic and qualitative properties. Thus, according to this principle,

1Entropy in its purest information theoretical sense is a dimensionless quan-
tity that is used for measuring uncertainty or ignorance about the state of
a system. By implication, entropy/uncertainty is greater the more random a
system is. Thus, entropy is most strictly a measure of uncertainty but it also
reflects the degree of randomness or disorder in a system (Ben-Naim, 2012).

Frontiers in Human Neuroscience www.frontiersin.org February 2014 | Volume 8 | Article 20 | 1

HUMAN NEUROSCIENCE
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WHAT IS ENTROPY?

I Entropy == maximal information content of a signal.

H(X ) = −
∑

x

px log px

Claude
Shannon
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ENTROPY VS ENTROPY RATE

I Problem: highly entropic signals can be very boring:

010101010101010101 −→ H(Xt ) = 1

I Entropy rate: entropy of the future given the past.

H(Xt )︸ ︷︷ ︸
Present

= I(Xt ; X t−1
−∞)︸ ︷︷ ︸

Inheritance

+ H(Xt |X t−1
−∞)︸ ︷︷ ︸

Innovation

Measured with
LZ complexity
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EXPERIMENTAL FINDINGS
ANAESTHESIA

14

(Zhang et al., 2001)
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EXPERIMENTAL FINDINGS
SLEEP
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(Casali et al., 2013)
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EXPERIMENTAL FINDINGS
DISORDERS OF CONSCIOUSNESS

16

(Casali et al., 2013)
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EXPERIMENTAL FINDINGS
PSYCHEDELICS

17

(Schartner et al., 2017)
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THE ENTROPY SPECTRUM

Coma

Anaesthesia
Sleep

Awake

Psychedelics

LZ

18



INTRODUCTION THE ENTROPIC BRAIN MUSICAL IMPROVISATION PSYCHEDELIC STATE

MUSICAL IMPROVISATION
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CORTÁZAR’S THE PURSUER
(EL PERSEGUIDOR)

Hell no, I don’t get lost when I’m playing. Only
the place changes. It’s like in an elevator,
you’re in an elevator talking with people, you
don’t feel anything strange, meanwhile you’ve
passed the first floor, the tenth, the twenty-
first, and the city’s down there below you,
and you’re finishing the sentence you began
when you stepped into it, and between the
first words and the last ones, there’re fifty-two
floors. I realized that when I started playing
I was stepping into an elevator, but the el-
evator was time, if I can put it that way.

Julio Cortázar, 1959
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DRIVING HYPOTHESIS

An improvisational
state of mind

I Flow (Csikszentmihalyi, 1975)
• “The holistic sensation that people feel when they act with total involvement.”

I Primary state (Carhart-Harris, 2014)
• “Relinquishing of the ego’s usual hold on reality.”

20
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MUSICAL IMPROVISATION

vs.

Bach, Mozart, Beethoven, et al were great improvisers!

21
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THE EXPERIMENT

I We organised a chamber music trio concert.
I Pieces were played twice, in strict and let-go conditions.

22

(Dolan et al., 2018)
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TRY IT YOURSELF!

23
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SUBJECTIVE REPORTS

I In the strict performance:
• ...very little sense of connection between the performers...
• ...increased performance anxiety and internal critical chatter...

I In the let-go performance:
• ...greater sense of connection...
• ...Trust in my own musical instincts and capability...
• ...the freedom of the ‘let go’ mindset allowed me to create a wider range
of colors and dynamics...

24
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POST-PERFORMANCE QUESTIONNAIRE

I Audience rated performance as more innovative, more
emotional and more musical.
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Innovative Emotional Risk-taking
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Musical
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Musical
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NEUROIMAGING RESULTS I

Improvisation consistently increases brain entropy.
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NEUROIMAGING RESULTS II

Entropy increase is located in the right hemisphere.
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CONCLUSIONS
MUSICAL IMPROVISATION

X Improvisation is not exclusive of jazz, also plays a major
role in classical music.

X Data supports the existence of an improvisational state of
mind, which is a state of flow and a primary state.
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PSYCHEDELIC STATE
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PSYCHEDELIC PHENOMENOLOGY

29
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PSYCHEDELIC PHENOMENOLOGY

I Onset of audiovisual hallucinations.
• “With eyes closed, I saw geometric patterns.”

I Distortion of self models.
• “I experienced a disintegration of my ’self’.”

I Increased cognitive flexibility.
• “My thoughts wandered freely.”

29
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PSYCHEDELIC NEUROSCIENCE IS A MESS

31
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PSYCHEDELIC NEUROSCIENCE IS A MESS
PART I: NEURONS DON’T WORK

Intense experience,
faster stream of consciousness

Radically decreased activity
throughout the brain

32

(Muthukumaraswamy et al., 2013)
(Carhart-Harris et al., 2016)
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PSYCHEDELIC NEUROSCIENCE IS A MESS
PART II: PERCEPTION DOESN’T WORK

Increase in intense, raw
perceptual content

You report seeing more colours,
but you actually see less

33

(Hartman & Hollister, 1963)
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PSYCHEDELIC NEUROSCIENCE IS A MESS
PART III: NETWORKS DON’T WORK

New connections formed
between brain regions

Widespread inter-region
communication breakdown

Correlation

Information
transfer

34

(Petri et al., 2014)
(Barnett et al., 2019)
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PSYCHEDELIC NEUROSCIENCE IS A MESS
PART III: NETWORKS DON’T WORK

Ego dissolution
correlates with FC

Ego dissolution
anti-correlates with FC

35

(Tagliazucchi et al., 2016)
(Carhart-Harris et al., 2016)
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PSYCHEDELIC NEUROSCIENCE IS A MESS
PART IV: ENTROPY DOESN’T WORK

Increased entropy
promotes flexibility

Increased entropy
in depression patients

36

(Schartner et al., 2017)
(Bachmann et al., 2015)
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THE EXPERIMENT

I 16 subjects, 4 conditions with different stimuli.

eyes closed/no music eyes closed/music eyes open/no video eyes open/video
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SUBJECTIVE REPORTS

Music boosts subjective phenomenological ratings.

Ego
Dissolution

Emotional
Arousal

Intensity of
Experience

Positive
Mood

Complex
Imagery

Simple
Imagery

Eyes closed Music Eyes open Video
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NEUROIMAGING RESULTS

I Entropy increases with external stimulation.

I Effect of LSD decreases with external stimulation.

Closed Music Open Video
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NEUROIMAGING RESULTS

EYES CLOSED VIDEO
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NEUROIMAGING RESULTS

• Brain entropy predicts subjective reports.
I Except when watching a video!

eyes closed/no music eyes closed/music eyes open/no video eyes open/video

VAS vs LZ: Closed_lsd - Closed_plaVAS vs LZ: Music_lsd - Music_plaVAS vs LZ: Open_lsd - Open_plaVAS vs LZ: Video_lsd - Video_pla

BrainMind
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CONCLUSIONS
PSYCHEDELIC STATE

X Both personal expectations and external environment have
measurable effects on the brain – set and setting.

X Stronger effects in more inward-focused states:
• Tripping is easy with eyes closed.

Closed Music Open Video
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L
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WRAP-UP

X The scientific study of altered states of consciousness allows us
to tap into how the brain generates experience.

X The Entropic Brain Hypothesis is remarkably simple, yet
remarkably powerful.

? We still don’t have a clue.

CONSCIOUSNESS
& COGNITION

plogp@pm.me Thank you for listening!
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