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Talk Overview

* We can only measure consciousness in humans
(and similar animals).

* We can only scientifically study consciousness in
humans (and similar animals).

* We want to make predictions about the
consciousness of systems that we cannot
measure (infants, cephalopods, machines, etc.)

* This can only be done if we develop a science of
consciousness that can be generalized to these
other systemes.
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Talk Overview

* To develop generalizable scientific theories of
consciousness, we need to solve three
problems:

— Description of the correlates of consciousness.
— Description of consciousness.
— Theories of consciousness.
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Talk Overview

e Measurement of Consciousness.

* Description of the Correlates of
Consciousness.

* Description of Consciousness.
* Theories of Consciousness.
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Measurement of Consciousness

* | cannot directly measure another person’s
consciousness.

 Have to measure consciousness through
external behaviour (first-person reports).

* For example:
— Delayed response to stimulus.
— Flexible response to novel situations.

— Inward execution of sequence of problem-solving
steps.
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Inference of Consciousness
from External Behaviour

* Only works when we believe the system is
capable of consciousness.

 We assume that a system is capable of
consciousness.

 Then we use the system’s external behaviour
to decide when it is actually conscious.
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Inference from External Behaviour
in Non-human Systems

 Some people believe that external behaviour
can be used to infer the presence of
consciousness in non-human systemes.

* |f this was the case we would not need a
generalizable science of consciousness.

* Any system that exhibited particular external
behaviours would be judged to be conscious.
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Pr obl e ms

* Easy to write a computer program that mimics
first-person reports about consciousness.

* A given set of external behaviours can be
produced by a wide range of systems — giant
lookup table, population of China
communicating with radios and satellites, etc.

* Any sequence of physical states can be
interpreted as a computer program that
produces a given set of external behaviour.
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Convincing Human-like Robots
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Assumptions for the
Measurement of Consciousness

 Humans (and similar mammals) are our
benchmark for consciousness, what | have
called a platinum standard system.

* |am willing to assume that the external
behaviour of a normally functioning adult
human brain can be used to measure its

consciousness.
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Assumptions for the Measurement
of Consciousness

* | am not willing to assume that the external
behaviour of a robot or a fish can be used to
measure its consciousness.

* You can make your own assumptions, and you
can base your science of consciousness on

those assumptions.

e Different assumptions will lead to very
different theories of consciousness!
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Implications of
Different Assumptions

* Assumption that external or internal behaviour of
robot can be used to measure its consciousness:

— Functional/computational theories of consciousness.
— Catastrophic panpsychism.
* Assumption that external or internal behaviour of

fish brain can be used to measure its
consciousness:

— Less catastrophic.

— Likely to lead to different theories about the
relationship between consciousness and the physical
world.
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Generalizable Theories
of Consciousness

* Develop theories of consciousness by studying
humans.

 Then use theories to make predictions about
the consciousness of other systemes.

* To make this work, we need to develop
theories that are generalizable.
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Neural Correlates of Consciousness

 Many scientific experiments on the
relationship between consciousness and
activity in human (and primate) brains.

e Have identified:
— Particular brain areas
— Recurrent connections

— HOT zones
— Etc.
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Brains of Insects, Lobsters,
Cephalopods and Fish
e Different brain architectures.

* Different brain chemistry.
* Different neurons.

e Different biology.

 Some similarities; some differences: we have
no idea what is important.

e Lots of chin scratching and armchair theories.
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Fish Consciousness
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Artificial Systems

* Lack many aspects of human biology.
 Wide range of physical implementations, for
example:
— Neurons in Petri dish.

— Neuromorphic chips.
— Von Neumann architecture.
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Machine Consciousness

 We want to know...
e Ethical questions.
* Practical applications:

— Brain uploading.

— Medical: repair of consciousness using implanted
chip.

09/04/2019 David Gamez - How can we Discover General Scientific Theories of Consciousness?

19



- Conscious Machines

e
e

- o
-

'r::}' (5
rieset

HINA

oY

“A TENSE, THOUGHT-
PROVOKING THRILLER"

mived

~
UNIVERSAL
L

09/04/2019 David Gamez - How can we Discover General Scientific Theories of Consciousness?



Consciousness
Transfer / Uploading

& 3 )
u\v A
/. " B
O’ 2
A s |
)
<

09/04/2019 David Gamez - How can we Discover General Scientific Theories of Consciousness? 21



Panpsychism

 Many people claim that rocks, trees, etc. are
conscious.

 |f panpsychism is true, we will continue to be
conscious after our death.

* Scientists studying consciousness should have
an answer to this question.
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Generalizable Scientific
Theories of Consciousness

* Might eventually reach consensus on the
neural correlates of conscioushess in humans.

e This will be a theory about human
consciousness.

* Will not be able to answer questions about
lobster consciousness or robot consciousness.

e \We will not have solved conscioushess!
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Generalizable Scientific Theories of
Consciousness

* To get a general theory of consciousness we
need:

— Generalizable ways of describing the correlates of
consciousness.

— Better ways of describing consciousness.
— Mathematical theories of consciousness.
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Description of the
Correlates of Consciousness

* Promising data on the neural correlates of
consciousness (particular brain areas,
recurrent connections, HOT zones, etc.).

* This cannot be applied to:
— Insects, cephalopods, fish, etc.
— Artificial systems.
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What is a Neuron?

* Neurons are defined inside a particular
biological context — the brains of animals.

* Within this biological context there is
considerable variation — size, morphology, etc.

 We do not have a precise definition that could
tell us if an arbitrary piece of physical matter
contains a neuron.
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What is a Neuron?

e Suppose we genetically engineer a sequence of
hybrids between neurons and liver cells.

e First cell is 100% neuron; middle cell is 50%
neuron 50% liver; last cell is 100% liver.

 How do we classify intermediate cells in this
sequence?

e Suppose we synthesize a neuron from basic
biological components. At what point does it
become a neuron?

e What about silicon neurons?
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Solutions?

* Develop more precise definition of a neuron
that applies to insects and synthetic neurons.

 Make assumptions about the importance (or
not) of other biological materials in the brain
(glia, blood, etc.).

e Or focus on patterns in well-defined physical
things — molecules, electromagnetic waves.
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Other Approaches

* Generalize using information patterns.
* Generalize using computations/functions.
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Information Theories
of Consciousness

* Tononi’s information integration theory of

consciousness (lIT) is a relationship between
information patterns and consciousness.

* |IT is generalizable because information
patterns can occur in any material.
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What is Information?

 We read information from a physical system
by applying an interface to it.

* An interface defines:
— The material that holds the information.
— The type of the information.

— How information of the appropriate type can be
read from spatiotemporal patterns in the material.

e Aninterface is similar to Floridi’s (2008) level
of abstraction.
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[ INTERFACE: Measure voltages l

lo.7]0.8]1.1]1.0]0.2]0.70.9]0.1]0.0[1.5]1.4]0.5

0.1]1.5[0.7]0.8]0.3]1.2]1.3]0.0[0.4]0.9]0.7]0.6|

DRAM voltages

| INTERFACE: (voltage > 0.75)? 1: 0 |

lo]1]1]1]ofo[1[o]o]1]1]0

o[1]o]1]o[1[1]o[o[1]0]0]

| INTERFACE: three 8-bit binary numbers I

01110010 0110I0101 01100100

INTERFACE: standard ASCII codes
(114="r"; 101="e"; 100="d")

red

David Gamez - How can we Discover General Scientific Theories of Consciousness?



Information in Physical Systems

 The information read through an interface is
determined by the interface and by the state
of the physical system.

e Different interfaces can be applied to the

same physical system to extract different sets
of information.

* Any four letter word can be extracted from the
DRAM voltage patterns.
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DRAM in computer

f
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(114="r"; 101="e"; 100="d") (61="b"; 38="l', 29="u"; 39="¢")



Subjectivity and Objectivity
of Information

* |nterfaces are a subjective choice.

* Once | have selected an interface, the
information is determined by the physical system.

e If | interpret the DRAM voltages using a threshold
of 0.75V, 8-bit numbers and standard ASCII codes,
| inevitably end up with the word ‘red".

e If | interpret the DRAM voltages using a threshold
of 0.55V, 6-bit numbers and custom ASCII codes, |
inevitably end up with the word ‘blue’.
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Subjectivity of Information

e Suppose | want to test the link between
information patterns in the brain and
consciousness.

* | need to measure information patterns in the
conscious and unconscious brain.

* | can only avoid a subjective choice of
interface if | measure all possible information
patterns in the brain.

e There are an infinite number!
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Information Patterns Cannot be
Correlated with Consciousness

e By designing custom interfaces, | can extract
the same information pattern from both the
conscious and unconscious brain.

* |Information patterns cannot be correlated
with consciousness if they are present in both
the conscious and unconscious brain.
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Information lacks Causal Powers

 The information that is extracted through an
interface has no effect on the behaviour of the
system.

 The computer behaves in exactly the same
way regardless of whether | read ‘red’ or ‘blue’
from its DRAM.

* So information lacks causal powers — it does
not change the behaviour of the system that it
is extracted from.
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Other Problems with lIT

e Based on an intuition (that is probably wrong).
* No convincing experimental evidence.

* Probably still impossible to measure.

* Not obvious what is being measured.
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1. Introduction

A number of people have suggested that there is a link between information integration
and consciousness, and a number of algorithms for calculating information integration
have been put forward. The most recent of these is Balduzzi and Tononi's state-based &
algorithm, which has factorial dependencies that severely limit the number of neurons that
can be analyzed. To address this issue an alternative state-based measure known as liveli-
ness has been developed, which uses the causal relationships between neurons to identify
the areas of maximum information integration. This paper outlines the state-based & and
liveliness algorithms and sets out a number of test networks that were used to compare
their accuracy and performance, The results show that liveliness is a reasonable approxi-
mation to state-based @ for some network topologies, and it has a much more scalable per-
formance than state-based @.

©® 2011 Elsevier Inc. All rights reserved.

Information integration is a property of systems of connected elements that expresses the extent to which they are capa-

ble of entering a large number of states that result from causal interactions among their elements (Tononi & Sporns, 2003).
For example, a digital camera sensor with a million photodiodes has low information integration because none of its large
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* | like the idea of lIT — it is the right kind of
theory.

* People have developed a weird reverence for
IT, almost as if it were true.

* People are spending absurd amounts of time
and effort on it.
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HT

* Discard the information part of IIT.

* Keep the idea of a mathematical relationship
petween consciousness and the physical
world.

 Keep an open mind about the algorithm (try
lots of other algorithms as well).
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Generalizing with Computational
and Functional Theories

* Look for functions/computations that are
linked to consciousness in humans.

* Then measure functions/computations in
computers, fish and rocks to see if they are
conscious.

* To make this work, need more clarity about
what a computer is and how we can measure
computations or functions in nature.
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Are Computers
Information Processors?

 Computing is often understood as information
processing or as information technology.

* Perhaps this is a unique property of the
systems that we call computers?

* As explained earlier, information appears
when we apply an interface to a physical
system.
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Information Processing

* When the state of a physical system changes, the
information that we read from the system also
changes.

* We use physical systems for information
processing:
— Write information to system through interface.
— Allow system to change.
— Read back modified information through interface.

 The information processing that is carried out by
a system is relative to the interface.
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Subjectivity of
Information Processing

 The information processing that a system

carries out is relative to the interface selected
by the user.

 There is not a unique fact of the matter about
the information processing that is carried out
by a given physical system.
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Measuring Computations

* To prove that there are computational

correlates of consciousness, we need to carry
out experiments that:

— Measure computations in conscious brain.

— Measure computations in the unconscious brain.

* Look for computations that are only executed
in the conscious brain.
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Theories of Implementation

* To carry out these experiments we need a
theory of implementation that:

— Specifies what it is for a pattern to be
computational.

— Enables the identification and comparison of
computational patterns.
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Theories of Implementation

* Finite state automata.

e Combinatorial state automata (Chalmers
2011).

e Applying instructions to strings (Piccinini
2007).

e Pattern matching (Boyle 1995).
e Realization of a function (Scheutz 1999)
e Cellular automata (Schule 2014).
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Theories of Implementation

* Some of these are good at picking out our
modern digital computers.

* Others are more applicable to natural systems.

* Not obvious that any of them establish that
computations are an objectively present in the
physical world.

* None of them are a workable approach for
identifying computational correlates of
consciousness in the brain (Gamez 2014).
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Generalizable Description of the
Correlates of Consciousness

* |nformational, functional and computational
theories of consciousness are:
— Subjective.
— Self-contradictory.
— Not testable.

e Generalizable theories of consciousness cannot
be based on computations, functions or
information.

* They have to be based on well-defined physical
patterns.
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DESCRIPTION OF

CONSCIOUSNESS




Description of Consciousness

* Majority of work on consciousness is based on
contrastive analysis of conscious and
unconscious brains.

e Conscioushess is described as a number
ranging from O to 1!

* Much less work on detailed relationships
between contents of consciousness and
physical states.
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Generalizable Ways of
Describing Consciousness

* We have to study consciousness in humans
and then generalize to other systems
(measurement problem).

 Our method for describing consciousness in
humans must be generalizable to radically
different forms of consciousnesses.
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Description of Consciousness

* Contents of consciousness have been
described:
— In natural language.
— Using a physical stimulus.
— Using a high dimensional mathematical structure.
— In a markup language (XML).
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Limitations of Natural Language

* Conscious states are typically described in natural
language. This has many problems:
— Vague.
— Compressed.
— Context-dependent.

— Human-centric assumptions about the nature of
objects.

— We only have words for human experiences.

e Cannot use natural language to describe the
conscious states of artificial systems or bats.
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Limitations of Stimulus-based
Descriptions

 We often describe conscious contents using the stimuli
that produced them.

* For example, in work on brain reading with fMRI,
decoded conscious experiences are presented as
videos, which the subject compares with their own
conscious experiences.

e But the consciousness that | have when | view a video
is extremely unlikely to be the same as the
consciousness of a squid or a machine that views the
same video.

e So videos and other stimuli cannot be used to describe
the consciousness of non-human systemes.
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lIT: High-dimensional Quale

* Balduzzi and Tononi have used high-
dimensional mathematical structures to
describe conscious states.

e Shape of the ‘quale’ corresponds to the
contents of consciousness.
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Limitations of IIT Description of
Consciousness

* Too dependent on IIT.

* Do similar conscious experiences map onto
similar quale?

* |n humans we need to map between natural
language descriptions and quale.

 Need some way of answering questions about
a conscious state: Does it contain human red?
Does contain pain? etc.
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Markup Language (XML)

e Structured description of conscious states.

* Problem of natural language labels for
qualitative character of the states.

* Might be possible to come up with low level
labels that are less anthropocentric.
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- <system>
. <description>Robot</description>
<sensor id="1">
<type>light</type>
<shape>rectangle</shape>
<width>400</width>
<length>300</length>
<coordinate_system>Cartesian
</coordinate system>
<wavelength range>0.7-0.4
</wavelength range>
</sensor>
<!-- Add more sensors here -->

<actuator 1d="1">
<type>motor</type>
<location>wheels</location>

</actuator>

<!-- Add more actuators here -->

<neuron id="1">



<test suite>
<test 1d="1">
<human description>Moving
forward towards point of
light</human description>
<sensor_ input>
<sensor>1</sensor>
<type>light</type>
<size>5,5</size>
<location>55, 44</location>
<wavelength>0.55</wavelength>
<file>Testl.dat</file>
</sensor input>
<!-- Add more sensor inputs -->

<actuator output>
<actuator>1</actuator>
<type>motor</type>
<direction>clockwise
</direction>

<speed>5</speed>



~ <mental content id="66">

<time>4010551056</time>

<active element>
<id>2</id>
<intensity>0.7</intensity>
<phenomenal>yes</phenomenal>

</active element>

<!-- Add more active elements -->

<active connection id="3">
<type>synchronisation</type>
<from>1</from>
<to>2</to>

</active connection>

<!=— Add more active connections -->

' </mental content>



Generalizable Descriptions
of Consciousness

 Might be able to fix IIT quale (with a lot more
work).

e Could try other mathematical methods, such
as category theory.

* Could revisit markup languages.
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At present we are completely unequipped to think about the subjective %

~ taking up the point of view of the experiential subject. This should |
be regarded as a challenge to form new concepts and devise a new
' method —an objective phenomenology not dependent on empathy or
the imagination. Though presumably it would not capture everything, '

ts goal would be to describe, at least in part, the subjective character
e e : of experiences in a form comprehensible to beings incapable of having |

~ those experiences.

Thomas Nagel, What Is It Like to Be a Bat?% .

~ character of experience without relying on the imagination —without e



THEORIES OF

CONSCIOUSNESS




Theories of Consciousness

 There is a lack of agreement about the final form
that theories of consciousness should take.

* Generalizable theories should meet the following
criteria:

1. Generate testable predictions.

2. Applicable to any physical system.

3. Compact (Occam’s razor).

4. Based on objective properties of the physical world.
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Unworkable Theories
of Consciousness

* Functional, computational and informational
theories of consciousness are not viable (for
reasons discussed earlier).

* Theories based on neurons are not compact
or generalizable and they have a weak ability
to generate testable predictions.
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Mathematical Theories
of Consciousness

* Most plausible type of generalizable theory is
a mathematical relationship between formal
descriptions of the physical world and formal
descriptions of consciousness.

 We can only develop this type of theory when
we have figured out how to describe
consciousness and the physical world.
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Information Integration
Theory of Consciousness

* Tononi’s information integration theory of
consciousness (lIT) is a good example of the
final form that a theory of consciousness
should take.

* Has major limitations:
— Based on information.
— Unidirectional.
— No decent evidence.
— Performance.
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Mathematical Theories of
Consciousness

* When we have developed a reliable
mathematical theory of consciousness we will
be able to:

— Generate believable predictions about
consciousnhess in fish and machines.

— Build machines that are associated with specific
conscious states (robots, consciousness repair
chips, consciousness upload).
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Description of physical Description of bat's
state of bat's brain deduced conscious state

Reliable mathematical
theory of consciousness

Bat brain

Figure 9.3. Deduction of the conscious state of a bat. 1) Scientific instruments

measure the physical state of the bat’s brain. 2) The measurements are converted

into a formal p-description of the physical state of the bat’s brain, pd.. 3) A reliable

well-tested c-theory converts the p-description into a formal c-description, cd,, of
the bat’s deduced conscious state. Image © David Gamez, CC BY 4.0.




Description of physical @ Description of artificial
state of artificial system system's conscious state

(2)| P-description: pd, =3 C-theory —Jp| C-description: cd,
? Reliable mathematical

theory of consciousness

@ Scientific measurement

1

Artificial system

Figure 11.2. A reliable c-theory is used to deduce the consciousness of an
artificial system. 1) Scientific instruments are used to measure the physical state
of the artificial system. 2) Scientific measurements are converted into a formal
| p-description of the artificial system’s physical state, pd,. 3) A reliable c-theory
converts the p-description into a formal description of the artificial system’s

conscious state, cd,. Image © David Gamez, CC BY 4.0.
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Description of physical Description of conscious
state that is linked to state that we want to
specified conscious state realize in the machine

Reliable mathematical e e e
theory of consciousness ‘ ' ; A

3D printing,

@ neuromorphic
chips, etc.

Physical computer or robot

Machine contains CC set that is
linked to specified conscious state

Figure 11.1. A reliable c-theory is used to build a MC4 machine. 1) The state of e Tl

consciousness that we want to realize in the machine is specified in a formal Jop i ] 2 o

c-description, cd.. 2) A reliable c-theory converts the c-description into a formal

description of a physical state, pd.. 3) 3D printing, neuromorphic chips, etc. are

used to build a machine that contains the CC set described in pd.. Image © David
Gamez, CCBY 4.0.




Discovering Mathematical
Theories of Consciousness

* Traditionally people have identified
regularities in the physical world (Newton,
Einstein, etc.).

 We generally assume that physical regularities
are simple enough to be found by humans.

* This might be the wrong approach for the
discovery of theories of consciousness.
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Mathematical Theories of Consciousness
are Potentially Complex

e We have little or no idea about the
spatiotemporal structures are linked to
consciousness.

 The mathematical relationships between
consciousness and the physical world could be
simple.

* Or they could be thousands of pages of
differential equations.
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Complexity of the Brain

* The brain is extremely complex.

* ~100 billion neurons; ~5000 synapses per
neuron.

e Complex chemistry.
e Sub-neural structures might be important.
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Human Limitations

Small working memory.
Low sensory bandwidth.
~ragile long-term memory.

Limited imagination.
Cannot process large datasets.

David Gamez - How can we Discover General Scientific Theories of Consciousness?



Can a Brain Understand a Brain?

* A brain can only fully understand a system
that is simpler than itself.

* |tis doubtful whether a brain can consciously

comprehend the correlates of consciousness
in another brain.
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- The End of Simple
Mathematical Theories

[...] the era of simple mathematics effectively modelling parts of the
world is drawing to a close. It is possible that new areas of investigation
will lend themselves to simple models, but the evidence is that within
existing areas of investigation, the domain of simple models has been
extensively mined to the point where the rewards are slim.

Paul Humphreys, Extending Ourselves®
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Methodology for Potentially
Complex Theories of Consciousness

* |f we assume that there are simple relationships
between consciousness and the physical world,
we could waste a lot of time and effort looking
for something that does not exist.

e Better to devise a methodology that can:

— ldentify simple relationships between consciousness
and the physical world.

— ldentify complex relationships between consciousness
and the physical world.

— Prove that no relationships exist in the current data.
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Computational Discovery
of Theories of Consciousness

 Use computers to identify relationships between
descriptions of consciousness and the physical
world:
— Measure consciousness and the brain.
— Use machine learning to identify simple and complex
relationships (or prove that no relationships exist).

 Could draw on previous work in the
computational discovery of scientific knowledge.
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Output Format

 Want an output format that can be partially
understood and verified by humans.

 Weights in a complex (deep) neural network are
not a good choice of output format.

e Much better to learn sets of differential
eguations.

* For example, Schmidt and Lipson (2009) have
shown how computers can learn sets of
differential equations that describe a mechanical
system.
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The Brain and its Behaviour

 Computational methods can also be used to
tackle the more general problem of the
relationship between the brain and its
behaviour.

* Answer questions about why people and
animals behave in certain ways.
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The Brain and its Behaviour

e Each brain is different and brains change all
the time as they interact with their
environment.

* Doubtful whether we will ever find a general
theory of the relationship between the brain
and its behaviour.

 Might be possible to find a theory of the
relationship between a single brain at a single
point in time and its behaviour.
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Mathematical Theory of a Brain

* No scientist is going to dedicate their lives to
discovering a mathematical theory that only
applies to a single brain at a single point in
time.

 Computational methods could be used.

* This would be a good way of prototyping the
methodology for the computational discovery
of theories of consciousness.
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Discovering Brain Theories
on a Simulated Brain

 Computational methods could be used to
discover the relationship between a simulated
brain and its behaviour.

* For example, a virtual C. Elegans.

* The methodology could be scaled up and
applied to simulations of the human brain.
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Discovering B-theories
on a Simulated Brain

Open Worm Project (www.openworm.org)
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From Brain - Theories to
Theories of Consciousness

e Easier to start with the computational
discovery of brain theories because we do not
need a system that reports its consciousness.

A methodology that works for brain theories
on simple organisms could be adapted to
discover theories of consciousness in humans.

e Although theories of consciousness are a
subset of brain theories, they are a distinct
scientific problem.
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Conclusion

 We can only measure consciousness through
external behaviour in systems that we assume
are conscious.

* | am willing to assume that consciousness can
be measured through the external behaviour
of normally functioning adult human brains.

e Cannot measure consciousness through
external behaviour in fish, cephalopods or
robots.
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Generalization Problem

* Experiments on consciousness have to
measure consciousness.

e So we can only discover the relationship
between consciousness and the physical world
through experiments on humans (and similar
animals).

e \WWe have to discover theories of consciousness
on humans, then generalise them to animals
and machines.
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Generalization Problem

* Neural correlates of consciousness are not
generalizable.

* Need to solve three problems before science
of human consciousness can be generalized to
non-human systems:

1. Description of the correlates of consciousness.
2. Description of consciousness.
3. Theories of consciousness.
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Four Preconditions for Solving
MC4 Machine Consciousness

David Gamez!

! Department of Computer Science, Middlesex University, London, NW4 4BT, UK
d.gamez@mdz.ac.uk / www.davidgamez.eu

Abstract. A machine is MC4 conscious if it has phenomenal experiences that
are comparable to human conscious experiences. From an ethical point of view
it is important to know whether we have created MC4 consciousness in a
machine. MC4 consciousness research can also contribute to the development
of general theories of human consciousness. This paper discusses four problems
that have to be solved before we will be able to address MC4 machine
consciousness in a systematic way: We need more clarity about the measurent
of consciousness. we need better ways of describing the physical world and
consciousness, and we need to reach agreement about the final form that a
theory of consciousness should take. When these problems have been addressed
we will be able to develop scientific theories of consciousness that can make
accurate believable predictions about MC4 consciousness in machines.

Keywords. consciousness, machine consciousness, artificial consciousness,
science of consciousness. neural correlates

1 Introduction

It is often helpful to distinguish four types of machine consciousness [1]:

® MC1. Machines with the same external behavior as conscious systems. Humans
behave in particular ways when they are conscious. For example, they are alert,
they can respond to novel situations, they can inwardly execute sequences of prob-
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Questions?

e Website: www.davidgamez.eu.

* Book: www.openbookpublishers.com/product/545

e Contact: david@davidgamez.eu.
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