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WHY STUDY IMPROVISATION

Life is one long improvisation.

Henrik J. Jensen, ca. 2017
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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).
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HUMAN NEUROSCIENCE
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HOW DO WE MEASURE ENTROPY?

▶ Lempel-Ziv complexity: Measure of complexity for time series
data.

Loosely speaking: counts number of “patterns” in the signal.

AABBBABABBBABB

A·AB·B·BA·BAB·BB·ABB

AAAAAAAAAAAAAA

A·AA·AAA·AAAA

High LZ

Low LZ

REM

NREM

LZ quantifies complexity as signal diversity.
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ENTROPY AND CONSCIOUSNESS

Entropy consistenly decreases when consciousness is lost, and
increases when consciousness is richer.

Sleep Anaesthesia

Coma Psychedelics
Primary state
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(Andrillon, 2016; Hudetz, 2016;
Sarasso, 2014; Schartner, 2017)
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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

Does improvisation induce a primary conscious state?
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MUSICAL IMPROVISATION
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DRIVING HYPOTHESIS

An improvisational
state of mind

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

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

6



INTRODUCTION MUSICAL IMPROVISATION RESULTS

THE EXPERIMENT

▶ We organised a chamber music trio concert.
▶ Pieces were played twice, in strict and let-go conditions.
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(Dolan et al., 2018)
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THE EXPERIMENT

Same piece. Two different mindsets.

STRICT

Precise. Controlled.
Following the score faithfully.

LET-GO

Free. Spontaneous.
Trusting one’s musical instincts.
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(Dolan et al., 2018)
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RESULTS
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SUBJECTIVE REPORTS

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

▶ 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...
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POST-PERFORMANCE QUESTIONNAIRE

▶ Audience rated performance as more innovative, more
emotional and more 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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WRAP-UP
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CONCLUSIONS

✓ Tools from complexity science help us understand the
fundamental science of consciousness.

✓ Data supports the existence of an improvisational state of
mind, which is a state of flow and a primary state.

p.mediano@ic.ac.uk Thank you for listening!
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