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Introduction



Introduction

• Focus on artificial consciousness.

• Can only understand animal and artificial consciousness by 
developing a mathematical theory of consciousness on humans that 
can be generalized to non-human animals and artificial systems.
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Types of Artificial Consciousness

• MC1. Machines with the same external behaviour as 
conscious humans.

• MC2. Computer models of the correlates of consciousness.

• MC3. Computer models of consciousness.

• MC4. Machines that really have conscious experiences.

05/06/2023 David Gamez - ICA 2023 4



Types of Artificial Consciousness

• MC1. Machines with the same external behaviour as 
conscious humans.

• MC2. Computer models of the correlates of consciousness.

• MC3. Computer models of consciousness.

• MC4. Machines that really have conscious experiences.
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Definition of Consciousness

• Stream of colourful, noisy, smelly, and tasty experiences that 
starts when we wake up in the morning and disappears 
when we fall into a dreamless sleep at night.

• In human consciousness, these experiences are distributed 
within a bubble of space roughly centred on our bodies.

• I describe this as a bubble of experience.

• Connections between bubble of experience and the umwelt 
concept developed by Uexküll (2010).
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Bubble of Experience
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MC4 Artificial Consciousness
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Talk Overview

• Inferring Consciousness from External Behaviour.

• Functionalism.

• Computational Theories of Consciousness.

• Information Theories of Consciousness.

• Scientific Theories of Consciousness.

• Conclusion.
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Inferring Consciousness 
from External Behaviour



Inferring Consciousness 
from External Behaviour

• Observations:
• System looks like us.

• System behaves in the same way as a conscious human.

• Conclusion:
• System is conscious.
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Inferring Human Consciousness 
from External Behaviour
• We do this all the time with humans.

• Human external behaviours associated with consciousness:
• Alert.
• Coherent speech
• Memory
• Etc.

• Humans have similar brains, so we assume that consciousness is present 
when other humans behave in these ways.

• Relies on certain assumptions (other person is not a zombie, etc.).

• Need to make these assumptions if we want to study consciousness 
scientifically (more on this later).
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Inferring Human Consciousness 
from External Behaviour

05/06/2023 David Gamez - ICA 2023 13



Inferring Artificial Consciousness
From External Behaviour
• We are tempted to use the same method to infer consciousness in 

artificial systems.

• Observations:
• Robot looks human.

• Robot behaves in a similar way to conscious humans.

• Conclusion:
• Robot is conscious.
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AI: Artificial Intelligence
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Geminoid Robots
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Inferring Artificial Consciousness
from External Behaviour
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Inferring Artificial Consciousness
from External Behaviour
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Problems

• Multiple realizability.

• Replay argument.

• Problems with computational, functional and informational theories 
of consciousness.
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Multiple Realizability

• Pretty much anything can be used to send control signals to a robot. 

• Block (2006) argues that a giant lookup table, the population of China 
communicating with radios, and the economy of Bolivia could all be 
used to produce conscious external behaviour.

• Part of an argument against functionalism.

• Will illustrate this with a thought experiment.
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Replay Argument

• Robot controlled by conscious human brain (similar to Geminoid
robots).

• Convincingly displays conscious behaviour.

• Control signals stored in database.

• Control signals replayed from database.

• Robot displays same convincing conscious behaviour.
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Recording Signals Sent from Brain to Robot
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Replaying Recorded Signals
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Replay Argument

• Most people attribute consciousness to a brain that produces 
conscious external behaviour.

• Few people attribute consciousness to a system replaying control 
signals from a database.

• This becomes more problematic when we take a closer look at the 
database.

• (Note that our intuitions about this don’t actually matter!)
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Replay Argument

• Playback system converts hard drive states into electromagnetic 
signals that are sent to the robot using WiFi, ethernet cable, etc.

• It maps between database states and electromagnetic states.

• This mapping relationship can be set up for any sequence of physical 
states.
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Mapping Table for Database

Database State Control Signal Sent to Robot

1011 Raise hand

1100 Say “I am conscious”

1010 Lower hand

… …
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Mapping Table for Squirrel

Squirrel State Control Signal Sent to Robot

Raise hand

Say “I am conscious”

Lower hand

… …
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Conscious Behaviour Produced by Squirrel 
States
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Replay Argument

• The squirrel’s consciousness is different from the consciousness that 
we attribute to the robot based on its behaviour (Chinese Room 
argument).

• With an appropriate mapping table, any sequence of physical states 
can produce behaviour in a robot that we interpret as conscious.

• Leads to an untenable panpsychism.

• Consciousness cannot be inferred from external behaviour in artificial 
systems.

• Applies to all forms of external behaviour – Turing test, etc.

05/06/2023 David Gamez - ICA 2023 29



Functionalism



Functionalism

• The inference of consciousness from external behaviour in robots is a 
form of functionalism.

• Consciousness is linked to the execution of particular functions.

• Any system that implements the appropriate functions is judged to be 
consciousness.

• Details of the implementation of the function do not matter – silicon, 
biological neurons, etc.
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Functional Theories of Consciousness

• Global workspace theory (GWT) (Baars 1988).

• Higher Order Thought (HOT) (Rosenthal 1986).

• Information integration theory (IIT) (Tononi 2008).
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Theory of Implementation

• Functionalism is just a theory: it may or may not be true. 

• To test it, we need to prove that the execution of a particular function 
is correlated with consciousness:
• Demonstrate that function is executing in conscious brain.
• Demonstrate that conscious brains always execute the function (only required 

for 100% correlation).
• Demonstrate that function is never executed in a non-conscious brain.
• Demonstrate that the function is correlated with consciousness 

independently of the material or implementation.

• These experiments require a way of interpreting physical states as 
functional states.
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Finite State Automata (FSA)

• Finite state machines can be used to define functions in an abstract 
way:
• Nodes represent states.

• Arrows represent transitions between states.

• Can potentially be used to determine if a system is implementing a 
function linked to consciousness.
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Finite State Automata (FSA) for Turnstile
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FSA Representation of Computer Program
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FSA Argument against Functionalism

• Write down FSA that corresponds to function linked to consciousness 
– for example, GWT or HOT.

• Map physical states onto states of FSA.

• System goes through appropriate physical transitions: it is executing 
function linked to consciousness!
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Finite State Automata (FSA) for Turnstile
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Mapping Table for Computer

Computer State FSA State

1011 Locked

1100 Unlocked
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Computer States Corresponding to FSA
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Computer State Transitions
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FSA Transitions
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FSA Argument against Functionalism

• A particular run of a FSA is a sequence of physical states.

• With an appropriate mapping table, any sequence of physical states 
can be interpreted as a run of a particular FSA.

• Any sequence of physical states can be interpreted as a run of a 
program that is linked to consciousness.

• Leads to untenable panpsychism.
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FSA Argument against Functionalism

• Any sequence of states in the unconscious brain can be interpreted as 
a run of a particular function.

• Impossible for the execution of a function to be correlated with 
consciousness.
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Mapping Table for Squirrel

Squirrel State FSA State

Locked

Unlocked
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Squirrel Transitions
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FSA Transitions
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FSA Argument against Functionalism

• Very difficult to see how you can measure functions in a system 
without breaking correlation or leading to panpsychism.

• Some attempts from Chalmers (1996) and others about the 
importance of counterfactuals.

• See:
• Putnam (1988)

• Bishop (2009)

• Gamez (2014)
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Computational Theories 
of Consciousness



Computational Theories of Consciousness

• Some people believe that consciousness is linked to the execution of 
specific computations.

• For example:
• Bor (2012)

• Cleeremans (2005)

• Jackendoff (1987)

• This would make it easy to create artificial forms of consciousness.
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Computational Theories of Consciousness

• Arguments against functionalism also apply to computational theories 
of consciousness.

• Will set out an additional argument here based on the idea that there 
is no objective fact of the matter about whether a system is a 
computer.
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Special and General Purpose Computers

• Special purpose computers:
• Can solve a limited number of closely related problems.

• Turing machines.

• General purpose computers:
• Run programs.

• Simulate Turing machines.

• Programs turn a general purpose computer into a special purpose computer 
for a limited period of time (while the program is running).

• Universal Turing machines.
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Special Purpose Computers
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General Purpose Computers
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Special and General Purpose Computers

• When a general purpose computer runs a program they are behaving 
like a special purpose computer.

• The computations that they are carrying out is linked to the program 
that they are running.

• Consciousness does not depend on their ability to potentially execute 
other programs.

• Only need to consider special purpose computers (Turing machines) 
when discussing computational correlates of consciousness.
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Subjectivity of Computing

• There is no objective fact of the matter about which computations 
are being executed by a physical system.

• Computations are an interpretation of the physical system.

• Cannot be computational correlates of consciousness.

• Will illustrate this with a simple example.
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Model of Solar System

• Suppose we want to model the solar system and predict when the 
planets align.

• Write computer code.

• While program is running, computer contains computations that 
correspond to a model of the solar system.

• Same would presumably be true if we wrote code to simulate a global 
workspace.

• In this case it would contain computations that are correlated with 
consciousness.
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Model of Solar System (from ChatGPT)
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Model of Solar System

• Special-purpose computers do not have to be made out of silicon.

• Multiple realizability is the whole point!

• All functionally equivalent models of the solar system should contain 
the same computations as the silicon model.
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Clockwork Model of Solar System (Orrery)
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Gravitational Model of Solar System

• Replace orrery’s metal balls with spheres that have the same mass as 
the planets.

• Allow it to run and read off times when planets align.

• There is no longer any difference between the actual solar system and 
the model.

• The real solar system contains the same computations as silicon 
computer and orrery.

• But no-one thought that the solar system contained computations 
prior to this discussion!
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Real Solar System
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Subjectivity of Computations

• Computer, orrery and solar system do not contain computations.

• We use computers and orrerys to solve problems:
• Put system into starting state.

• Allow to run.

• Read off result when they have finished.

• A subjective interpretation of a physical system cannot be a correlate 
of consciousness. 

• Cannot attribute consciousness to a computer on the basis of the 
program that it is running.
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Information Theories
of Consciousness



Information Theories of Consciousness

• Tononi’s (2008) information integration theory of consciousness (IIT) 
is very popular right now.

• Algorithm maps between information states and conscious states.

• Predicts:
• The area associated with consciousness.

• The amount of consciousness.

• The structure of the consciousness.

• Small amount of indirect experimental evidence.
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Information Theories of Consciousness

• Information is independent of the physical system, so in theory the 
same information pattern could be associated with the same 
consciousness in different physical systems (biological brain, 
computer, economy of Bolivia).

• However, the nature of “information” is usually left undefined, which 
leads to major problems with the theory.
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Floridi’s Theory of Information

• Floridi (2008) has a carefully thought through theory of information.

• Information appears when we apply an interface to a physical system

• Defines how physical states are converted into information states.

• Many different interfaces can be applied to the same physical system.

• An effectively infinite number of information patterns can be read 
from the same physical system.
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Interface Example

05/06/2023 David Gamez - ICA 2023 68



Interface Example
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Subjectivity of Interfaces

• Information does not exist without an interface.

• Different interfaces can be used to read different information from 
the same sequence of physical states.

• Information is not an objective part of the physical world.

• Information patterns cannot be correlated with consciousness.
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Summary

• We cannot measure artificial consciousness through external 
behaviour. 

• Consciousness is not linked to functions, computations or information 
patterns by themselves.

• It is likely to be linked to patterns in particular physical materials –
neurons, electromagnetic waves, quantum phenomena, etc.

• It could be linked to the brain’s implementation of particular 
functions, computations or information patterns.

• Functions linked to consciousness when they are implemented in 
biological neurons; not when they are implemented in silicon.
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Scientific Theories
of Consciousness



Scientific Study of Consciousness

• We can study the connection between consciousness and the physical 
world scientifically:
• Measure human consciousness.

• Measure human brain.

• Develop mathematical theories of the relationship between these two sets of 
measurements.

• Start by developing mathematical theories of consciousness with data 
from humans.

• Then use these theories to make deductions about the consciousness 
of non-human systems.
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Measurement of Consciousness

• Severe problems with measuring artificial consciousness through 
external behaviour.

• Willing to attribute consciousness to humans based on their external 
behaviour.

• Have formalized this through the concept of a platinum-standard 
system.

• Inspired by platinum-iridium bar that used to define a metre.

05/06/2023 David Gamez - ICA 2023 74



Platinum-standard Systems

• Define humans and some human-like animals as platinum-standard 
systems.

• External behaviour of platinum-standard systems can be used to 
measure their consciousness.

• Platinum-standard systems must be selected carefully because they 
profoundly influence our theories of consciousness.

• Set of assumptions is required to measure consciousness in platinum-
standard systems.
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Assumptions for the Measurement of 
Consciousness
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Description of Consciousness

• Contents of consciousness are often described in natural language, 
which has many problems:
• Vague.

• Compressed.

• Context-dependent.

• Human-centric assumptions about the nature of objects.

• We only have words for human experiences.

• Cannot use natural language to describe conscious states of artificial 
systems (or bats!).
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Description of Consciousness

• Need to find generalizable ways of describing states of consciousness.

• In earlier work I suggested how a markup language, such as XML, 
could be used to describe conscious states.

• Balduzzi and Tononi (2009) put forward a solution based on high-
dimensional mathematical  structures.

05/06/2023 David Gamez - ICA 2023 78



Measurement and Description
of Physical World
• Practical problems with measuring the living brain, potentially 

resolvable in the longer term.

• More challenging problems with describing biological structures in a 
way that can be generalized to non-biological systems.

• Suppose we identify neural correlates of consciousness.

• Would a system be conscious if we implemented these correlates in 
octopus neurons, silicon neurons, synthetic neurons, etc.?
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Mathematical Theory of Consciousness
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Deduction of Conscious State
of Artificial System
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Creation of Artificial System with Specific 
Conscious State
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Animal Consciousness

• Animals with similar brain architectures can be assumed to be 
platinum-standard systems. For example, monkeys.

• Consciousness of platinum-standard systems can be directly 
measured through external behaviour.

• Species with different brain architectures are more problematic – for 
example, cephalopods, birds and bees.

• Use mathematical theories to deduce the consciousness of animals 
that are not platinum-standard systems.
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Mathematical Theory of Consciousness
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Animal Consciousness
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Conclusions



Incorrect Inferences about Consciousness

• It is really really tempting to infer consciousness from:
• External appearance.

• External behaviour.

• Functions implemented by system.

• Program system is running.

• Impressive sounding theory with complicated mathematical equations based 
on information.

• None of these are correct!
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AI: Artificial Intelligence
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Scientific Approach to Consciousness in 
Artificial Systems and Animals
• Measure human consciousness.

• Measure human brain.

• Identify mathematical relationships between these sets of 
measurements.

• Use mathematical theory of consciousness to deduce consciousness 
of AIs and animals. 
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Measurement of Consciousness

• Define set of platinum-standard systems whose behaviour is assumed 
to be linked to consciousness.

• Use assumptions to measure consciousness of platinum-standard 
systems.

• Need more general ways of describing consciousness.
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Mathematical Theory of Consciousness
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Questions?

• Open access book: 
https://www.openbookpublishers.com/books/10.11647/obp.0107

• More information: www.davidgamez.eu

• Latest work on the measurement of intelligence: 
www.davidgamez.eu/pi
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Universal Measure of Intelligence
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