Naive Perception

m Simple realistic approach to the properties of
the world.

= Believe that the colour, sound, taste and smell
of objects is present in the objects.

m Red is a property of the flower.

m The sound, smell and taste of the bee is a
property of the bee.

Talk Overview

= What is consciousness?

m Scientific study of the correlates of
consciousness.

m Use of mathematics and algorithms to identify
physical correlates of consciousness.

m Measurement of consciousness through first-
person reports.

= Mathematically-defined objects cause
conscious reports.

What is Consciousness?

m “Consciousness” is not a label for something
that we directly perceive in the world.

m It is an interpretation of our naive perception of
the world.

= Emerged in response to 17t Century scientific
theories.

Naive Perception

Red colour & smell
are properties of
the flowers




Consciousness is Not Present in the
Naively Perceived World

= In the naively perceived world we see coloured
objects, hear sounds, taste food, etc.

m Consciousness is not perceived.

m Distinction between awake, asleep etc., but
modern concept of consciousness is not
synonymous with “wakefulness” or “perceiving
the world”.

m Introspection does not reveal consciousness
either - although we might have self-knowledge,
thoughts about thoughts, etc.

Rise of Science in the 17t Century

m Development of mathematical descriptions of
the physical world.

m Systematic testing of scientific theories.

m Development of technological apparatus —
microscope, telescope, air pump, etc.

m Sophisticated accounts of perception based on
particle and wave theories of light.

Naive Perception

Red colour & smell
are properties of
the flowers
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= Most adults most of the time as they go about
day to day life.

= Children.

= Anyone from a time, place or culture without a
sophisticated conception of the physical world.

Primary and Secondary Qualities

m The physical world consists of atoms and the
void (and possibly forces, such as gravity and
magnetism).

= Primary qualities are properties of the physical
world.

m Sensations are produced in us by the actions of
the physical world on our bodies (secondary
qualities).

17t Century




Emergence of the Concept of
Consciousness
= The colourful smelly tasty sensations had to go
somewhere!
m They became ideas, properties of the mind.

= “Consciousness” is our term for this re-
interpretation of the naively perceived world.

Further Developments in Physics

m Over the last 300 years, we have developed
theories about wave-particles, multidimensional
superstrings, etc.

m The physical world has become a source of
signals — not something that has primary
qualities (Russell 1927).

17t Century Science

Evidence from Wilkes

m Wilkes (1988):
No word for consciousness in the English language
prior to the 17t Century.
No word for consciousness in Ancient Greek or
Chinese.
m Wilkes takes this as evidence that
consciousness is not a natural kind.

m This linguistic evidence is also consistent with
the view that the naively perceived world is a
natural kind, which has been reinterpreted as
consciousness in response to the rise of
science.

Development of our Understanding

of the Brain

m Over the last 70 years we have greatly
increased our understanding of the brain.

m Signals from the physical world are processed
by the senses into spiking patterns in the brain.

m These spiking patterns are thought to be
correlated with consciousness.

Modern Physics

The physical
world is a source
of signals that
cannot be directly
perceived.




Modern Neuroscience

The body is a
source of signals
that cannot be

directly perceived.
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Consciousness and the Physical
World

Naive realism
einterpreted as
consciousness
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The Correlates of Consciousness

= The correlates of a conscious experience, e, is
a minimal set of one or more spatiotemporal
structures that are present when e, is present
and absent as a collection when e, is absent.

m According to this definition the correlates of
consciousness would continue to be associated
with consciousness if they were extracted from
the brain or implemented in an artificial system

Science of Consciousness

The brain is a
source of signals
that cannot be
directly perceived
and is correlated
with consciousness.
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Scientific Study of the Correlates of
Consciousness

= Makes as few metaphysical commitments as
possible.
m Gather data about the relationship between
consciousness and the physical world.
m Basic procedure:
Measure consciousness
Measure the physical world
Look for spatiotemporal structures in the physical
world that covary with conscious states.
m Contrastive analysis that compares the
conscious and unconscious brain.




Scientific Study of the Correlates of
Consciousness

m Substantial amount of experimental work has
been carried out over the last 20-30 years
(Tononi and Koch 2008).

= We may eventually be able to develop theories
that can make accurate predictions about
consciousness based on measurements of the
physical world (and vice versa).

Physical Correlates of Consciousness

m Mathematics and algorithms are often used to
identify physical correlates of consciousness in
the brain.

m For example:

Measures of functional and effective connectivity.
Knottiness (Shanahan 2012).

Causal density (Seth 2006).

Neural synchronization

Experiments on the Correlates of
Consciousness

Canscious experience

Hosmally funcbaning adult human brain

Calibrated instruments measure :
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Physical Correlates of Consciousness

m Properties of the physical world that are only
present when consciousness is present.
= Some potential physical correlates of
consciousness:
Neural synchronization
Electromagnetic waves
Quantum effects
Connection patterns
Activation in particular brain areas.

Physical Correlates of Consciousness

m At this stage we have very little idea about
which aspects of the brain are correlated with
consciousness.

m Consciousness might be correlated with
unknown forces, particles or other physical
properties.

m Groping around in the dark like Francis Bacon
in the 17t Century.

m Could use machine learning to identify the
maximally correlated areas.




Information/Data Correlates of

Consciousnhess

m Has been proposed that information/data
patterns could be correlated with consciousness
independently of the physical structures that
happen to instantiate them at a particular point
in time (neurons, electromagnetic waves, etc.).

= Tononi’'s (2008, 2012) Information integration
theory of consciousness is the most well
developed of these theories.

m The integration and differentiation of the
information states of a system is correlated with
or identical with consciousness.

Measure the State of the Physical
System

Use Algorithm to Identify the Correlates
of the Contents of Consciousness
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Information Integration Theory of
Consciousness
= Information integration is measured using
algorithms.

= |dentify:

The area of the system potentially linked to
consciousness.

The predicted amount of consciousness, measured
using the number ®.

A structure corresponding to the contents of
consciousness.

Apply Algorithm to Identify Part of the
System that is Correlated with
Consciousness

Information Integration Algorithms

= A number of algorithms related to information
integration have been put forward:

Neural complexity (Tononi, Sporns and Edelman,
1994)
Stateless @ (Tononi and Sporns, 2003)
State-based ® (Balduzzi and Tononi, 2008)
Causal density (Seth et al., 2006)
Liveliness (Gamez and Aleksander, 2011)




Experimental Evidence for
Information Integration Approach

m Some experimental evidence for a link between
measures of information integration and
consciousness:

Lee et al. (2009)
Massimini et al. (2009)
Ferrarelli et al. (2010)
Fujii et al. (under review)

= This has not demonstrated a link between
information integration and consciousness.

m At most a link between certain neural patterns
and consciousness has been shown.

Measurements of Consciousness
and Causation
m Behavioural reports have effects in the physical
world — air vibrations, etc.

m Reports about consciousness must be caused
by consciousness.

= Raises the question about the causal
relationship between consciousness and the
physical world.

Computational Correlates of
Consciousness
m People have argued that the mind is in some
deep sense computational.

m Could be computational correlates of
consciousness.

= Will cover this in my talk on Thursday.

Measuring Consciousness

m Consciousness is measured through first-
person behavioural reports.
= For example:
“I see a red rose”
“I hear a police siren”
Pressing a button, pulling a lever
Glasgow coma scale

What is Causation?

m Concept of causation is highly controversial; no
commonly agreed theory.

m Personally | think that Dowe’s (2000) empirically
grounded theory of causation is the best
approach.




Dowe’s Empirical Theory of Causation

m A conserved quantity is a quantity governed by
a conservation law, such as mass-energy,
momentum or charge.

m A causal process is a world line of an object that
possesses a conserved gquantity.

m A causal interaction is an intersection of world
lines that involves the exchange of a conserved
guantity.

Consciousness and the Causal
Closure of the Physical World
m Causal closure of physical world does not
present a problem if consciousness is identical
with the physical world (physicalism).
= Not compatible with other interpretations of
consciousness.
= Want to carry out experiments on the correlates
of consciousness without being committed to
any particular theory.
= Need to account for our ability to measure
consciousness with the minimum of
metaphysics.

Consciousness and Reports
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Causal Closure of the Physical World

= Any change in a physical system’s conserved
quantities can in principle be traced back to a
set of physical causes that led the system to
gain or lose those conserved quantities at that
time.

m Physical world is causally closed.

A Workable Solution

= Assume that consciousness is functionally
connected to a structure in the brain — the
correlates of consciousness.

m This structure causes reports about
consciousness.

Separating out the Correlates of
Consciousness




Correlates of Consciousness and
Reports

m The correlates of consciousness are an object,
area or aspect of the brain that causes reports
about consciousness.

m The maths/algorithms is identifying an object
with causal powers.

Algorithm Identifies the Correlates of
Consciousnhess

Algorithm identifies brain area that is
correlated with consciousness

*I am canscious of a red hat”)

Correlates of Consciousness

m Physical and informational correlates of
consciousness are likely to be identified using
mathematics or algorithms.

m Algorithms could identify completely unknown
physical properties of the brain.

m Application of algorithms to the brain is likely to
produce a novel ontology — not a way in which
we would ‘naturally’ divide up the brain.

Measurement of Physical Brain

Measured physical patterns

™\ am conscious of a red hat")

The Correlates of Consciousness Cause
Reports about Consciousness

Correlate of consciousness causes
report about consciousness




Ontological Relativity

= Nothing absolute about ontologies (Gamez
2007).

m Our everyday ontology is determined by the
human sensory apparatus.

m For example, we can see through air and water,
but can’t see through people or trees.

= No absolute boundaries of objects (wave-
particle duality).

Fields Instead of Objects?

Correlate of consciousness causes
report about consciousness

"1 am conscious of a red hat")

Conclusions

m Consciousness is a re-interpretation of our
naive perception of the world that emerged in
response to the rise of 17" Century science.

m Experiments on the correlates of
consciousness:

Measure consciousness
Measure the physical world
Look for correlations between them.

From Ontologies to Fields?

m Mathematically-defined ontologies are not
necessarily problematic.
= Field-based equations might be an alternative
way of identifying the correlates of
consciousness:
Might map more naturally onto the physical world.
Would avoid the subjectivity associated with most
ontologies.
Could incorporate an element of probability.
= Which approach will work best depends on what
the correlates of consciousness turn out to be
(neural activity, electromagnetic fields, etc.).

Conclusions

m The correlates of consciousness are likely to be
identified using a mathematical algorithm.

m This is unlikely to map onto our current
ontology.

m Correlates of consciousness cause conscious
reports.




Conclusions

m Apart from funda tal particles, all ontologies
are relative.

= Mathematically-defined ontologies are not
necessarily a problem.

m A field-based approach would fit more naturally
with our current understanding of the world.
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= Feel free to contact me if you have any questions:
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