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2.1 Introduction

This chapter outlines a theory of consciousness that will be usedftioat this thesis. A
general failure to analyse what we mean by the physicatlwmerception and consciousness has
been a central source of confusion in consciousness research amrrdttparfi of this chapter
spends a substantial amount of time clarifying basic concepts dmyhenomenal and the
physical and linking them to the sources of our knowledge about conscioudress
philosophical approach that is used for this work is influenced byopeenomenology (Varela
1996, Thompson et al. 2005), which combines cognitive science and neuroscidnce w
systematic analysis of human experience influenced by Contirgntatophy — for example,
the work of Husserl (1960). Although this approach might occasiosallynd naive, it is a
necessary first step if we want to get clearer about whatand cannot be scientifically
established about consciousness. Some of this material is alsodcov&a@amez (2007c, pp. 25-
87) and it maps onto Metzinger's (2000) distinction between phenomenathaacktical
knowledge.

The first section in this chapter is a phenomenological exammafi the relationship
between the phenomenal and the physical, which is used to develop @aefihdonsciousness
in Section 2.3. This is compared with some of the previous definitioishéhee been put
forward and Section 2.4 examines and rejects popular metaphysicatiesheabout
consciousness, such as dualism, epiphenomenalism and physicalism, inofasotorrelates-
based approach, which is explored in Section 2.5. A close reading lafaihechip replacement
experiment is used to show that we will never be able to depauh some of the potential

correlates of consciousness empirically, which leads to a distingetween type | and type I
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correlates of consciousness. Section 2.6 then covers the three tigperiés of consciousness
that have been selected to design and analyze a neural netvibr& thesis. The final part of
this chapter develops a preliminary interpretation of the oglsiiip between consciousness and

action.

2.2 The Phenomenal and the Physical

A person who grew up and lives in a certain limiggt/ironment has time and again encountered badies
fairly constant size and shape, colour, taste,iyrand so on. Under the influence of his environtrend the
power of association he has become accustomedcdotlie same sensations combined in one place and
moment. Through habit and instinct, he presupptisigsconstant conjunction which becomes an importan
condition of his biological welfare. The constanhjunctions crowded into one place and time thastrhave
served for the idea of absolute constancy or sabstare not the only ones. An impelled body betgimaove,
impels another and starts it moving; the contehtmdnclined vessel flow out of it; a releasednstdalls; salt
dissolves in water; a burning body sets anothghglheats metal until it glows and melts, and isoHere too

we meet constant conjunctions, except that themei® scope for spatio-temporal variation.

Mach (1976, p. 203)

2.2.1 The Stream of Experience

Our theoretical studies and scientific experiments take placa colourful moving noisy
spatially and temporally extended stream of experience. Tleianstof experience is the most
real thing that there is: everything that we do is carried out within it.

Within waking life this stream of experience is highly stowed. Some of the most
characteristic structures are stable objects, which typibalve a reasonably consistent set of
properties that can be experienced on multiple occasions. For exarhple] am examining a
machine, | experience the front, turn it around to look at the back, aswl Mthrn it around so

that the front faces me again, | seem to experience thes#mé sensations from the machine

! See Dennett (1992) and Blackmore (2002) for é&isin of this notion of the stream of experience.
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as when | first looked at it. This stability of objects alse@er#s over time: | speak abousiagle
machine rusting because | can allow a subset of the macluraperties to change without
thinking that a completely different machine has appeared in &@bmbe. Whilst objects in
waking life typically exhibit this kind of stability, objects dreams or hallucinatory states are
much less stable, and it is harder to return to the same view of an object oeteepelnanges in
a single object over time.

The stability of objects leads us to speak about regsistencavhen they are not under
direct observation. Although I am not currently experiencing my mdteyldiis still out there in
the garage and | can experience it again by going into thgegaral taking off its cover. The
difference between objects that we are currently perceividgobjects that are not currently
being perceived by anyone is described by Lehar (2003) usingédtaphor of a ‘bubble’ of
perception that we ‘carry around’ with us, within which only a sub&é¢he world’s objects
appear. Although objects appess three-dimensional within this bubble of perception, | only
experience part of them at any one time. From one position, | erperithe outside of a
cardboard box, but not the whole box, and | have to move relative to the brgerience more
of its properties. Instead of simply saying that the box isethetalk aboutseeingthe box to
indicate that | ancurrently experiencing the box, that the boxaghin my bubble of perception.

This interpretation of perception can be further analysed aneibrdown. For example,
my visual perception is strongly linked to my eyes. In the stabkdvef waking life, the set of
objects within my bubble of visual perception can be altered byriogveny eyes or by
damaging them in some way. The same is true of my ears abdlsbie of auditory perception
and my body and my bubble of somatic perception. In general, alttengensory parts of my
body alters the contents of my bubble of perception; it changes thet shdisis ‘extracted’ from
the totality of possible perceptions. This is a purely empiteervation and in a different

world it could turn out that covering my big toe reduced the set ottsbyathin my bubble of
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visual perception. However, in this world, repeated experiments hawa ghat it is the eyes
that are important for this. An alternative interpretation wouldhae it is the world that is
changing when | cover my eyes, and not my bubble of perception. Howewven | turn my

head | continue to see the same objects with my other eye, anattsbute the change to my
perception and not to the world itself.

The states of my bubble of perception are also strongly codehatk the state of my
brain. When | hit my head, the waking world is overlaid with bright goaitlight, damaging
parts of my brain reduces my bubble of perception in different wayd my bubble of
perception can be altered by injecting or ingesting chemibat are circulated by my blood to
my brain? These can change the colours, sounds and sensations in my bubble ofoperegpt
they can even destroy the stability of my waking experieangeely and make them similar to a
dream. This correlation between perceptual changes and theioraih logically necessary in
any way — for example, it might have turned out that hitting aomay finger produced bright
points of light. However, in this world, the strong correlations batweg bubble of perception
and the states of my senses and brain suggest that without my aeddwain | would not have
a bubble of perception at &ll.

As | move around | come across other objects that look the same and have a
similar brain and body. These objects behave in a similar wayyself and speak about other
objects in a similar way. The verbal reports of these humastisbguggest that for most of the
time they perceive different parts of the world that is eepeed by me. When the senses or
brains of these other people are damaged or altered by chenhiealserbal reports change in
the same way that mine changed under similar circumstancese Thanges have no effect on

the objects within my own bubble of perception, which gives me fuahidence for my belief

2 Chemicals that do not reach my brain do not hayesdfect.

% The possession of senses and a brain might besssyefor a bubble of perception, but they are sufficient
because some states of my senses and brain, sdeb@sleep, are not associated with perceptiah. at
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that changes to my brain do not induce changes in other objects. Some'spbapbles of
perception contain objects or properties of objects that are notyeetdey anyone else. Under
these circumstances it becomes a matter of debate and conabostiswhich objects and

properties are artefacts of people’s bubbles of percebtion.

2.2.2 The Physical World

The stream of experience is structured in subtle ways #matooly be identified through

systematic investigations. These regularities are oftenaegal by hypothesizing invisible

physical entities that have effects on the stream of experience. AsnsgSic measurements
confirm the regularities, the physical theories gain acceptamdeheir hypothesized entities are
believed to be part of the world, even though they do not dirapiear within the stream of

experience. To make this point clearer | will give a couple of examples.

A classic example of a physical theory is the atomic pnétation of matter, which
claims that large scale changes in the stream of experiem@@ased by interactions between
tiny bodies. By hypothesising that gases consist of a large muafbmoving molecules,
Bernoulli (1738) developed the kinetic theory of gases, which desd¢rdvepressure is caused
by the impact of molecules on the sides of a container andHedisto the kinetic energy of the
molecules. Although molecules had not been observed when the thepputviorward, their
existence became accepted over time because of the theory’prgdadions. More recently we
have developed ways of visualising individual molecules, atoms andlgari for example, the
scanning tunnelling microscope and bubble chamber. These techniques use arness
elaborate apparatus to construct representations within thenstvéaexperience that are

interpreted as the effects of these patrticles.

“ Children, mystics and madmen all experience narsensual objects within their bubbles of perceptiee
Gamez (2007c, pp. 145-193) for a detailed discussio
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A second example of a physical theory is Newton’s interpogtaif gravity. To make
more accurate predictions about the movement of objects relatiihe Earth, Newton
hypothesized an invisible force that attracts remote bodiesmBigaitude of this gravitational
force is given by Newton’s equations, which can be used to cadhlatacceleration of objects
towards the Earth and to make reasonably accurate predictions laoub\tement of planetary
bodies. Newton’s theory of gravity was very controversial wherag put forward and Newton
himself had no idea how one body could exert a force on another ovearcdis‘l have not
been able to discover the cause of those properties from the phenomeéniaframe no
hypotheses” (quoted from Gjertsen (1986, p. 240)). Over time Newtbwe'sryt gained
acceptance because of the accuracy of its predictions and peaghlaltyr came to believe that
the physical world was permeated by an invisible gravitatiomaef More recently, general
relativity’s claims about the effect of matter on the curvatairour-dimensional spacetime are
no easier to imagine, and these counterintuitive claims aretakey seriously because of their
accurate predictions.

Almost every aspect of the stream of experience has beetterpreted by modern
science as forces, particles or waves that affect tharswéaxperience when they are within a
certain frequency range (sound and light), of a certain chenuogbasition (smell and taste) or
when they collide with the human body (touch). These appearances @dsemblehe original
forces, particles or waves in any way — light does not look ligbadon; sound does not sound
like a wave. Our scientific models of physical reality enaateurate predictions to be made
about the transformations of objects in the stream of experiencéheédibrces, particles and
waves that constitute these models are defined mathemataallyhave to be indirectly

measured from within the stream of experience using scientific apparatus.

®> Newton also introduced a notion of mass that ffeint from what we experience as weight in threash of
experience. If a pre-Newtonian person could haseelied to different planets, then they would havebably
said that they were gaining and losing weight,e@athan preserving a constant mass that was &itraget different
gravitational forces.
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2.2.3 The Phenomenal World

The representation of space in the brain does Im@ya use space-in-the-brain to represent spack than
representation of time in the brain does not alwesestime-in-the-brain.

Dennett (1992, p. 131)

When we first encountered the stream of experience, it was melifextive nor subjective: it
was just what was there as the world. However, the developmere ofdtion of a non-
experiential physical world forces us to re-interpret thigasn of experience asphenomenal
world that is different from the physical world. This phenomenal dvizlthe same stream of
experience that we started with, but reinterpretedraprasentatiorof the non-sensory physical
world.

Many people try to limit the phenomenal world to simple sexgeriences, such as red,
the smell of burnt plastic, and so on, and make the assumption thditeetty perceive the
spatial and temporal aspects of the physical woiltle problem with this position is that there
are no scientific or philosophical arguments fesemblancdetween our experiences of space,
time and movement and these qualities in the physical world. Injdat the opposite is
suggested by interpretations of perception put forward by Metzi(R§¥3), Lehar (2003),
Gamez (2007c), Dawkins(1998), Revonsuo (1995) and many others, who claithethma&in
generates a simulation of the physical world, in which spaceg timd colour areall
representations within a completely virtual environnfeAtthough our virtual representations

might have analogues in the physical world, there is no readweliéwe that they resemble the

® This old assumption goes back to Locke (1997), dftinguished between the primary qualities ofufigy
solidity, extension, motion-or-rest and number, chhare something like direct perceptions of quesitof the
physical world, and secondary qualities, such dsucmr smell, which are artefacts produced byseffect of the
primary qualities on the senses.

" This is also supported by Russell's (1927) cldiat pphysical matter is a source of events and owieghing that
we are directly acquainted with. Kant's (19@8jtique of Pure Reasois another version of this position.
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physical world, which has a completely non-sensory nétiiieis suggests that phenomenal
experiences cannot be reduced to simple sensory qualia thaupeemposed on a direct
experience of physical reality. If the phenomenal world igpnéted using a theory of qualia (a
highly debatable point — see Section 2.3.1), thearythingis qualia, including experiential
space, time, movement and size. Since there is no such thing asieapé&yperiencethe
phenomenal world is everything in the stream of experience, and tsécadhtheories of
particles, gravity, and so on, lead us to reinterpret this streaempefrience in relation to an

invisible physical world.

2.2.4 The Physical and Phenomenal Brain

Within the picture that | have presented so far, regularitiethe stream of experience are
explained using scientific theories based on the physical world, ahavauld expect that
scientific theories about consciousness would conform to this model amédsed on the
physical brain, and not on the brain as it appears in the streaxpefience. Before these
scientific explanations can be sought it is essential to get as cleasdsdeyabout the distinction
between the physical and phenomenal brain, which will help with gwskion of the hard

problem of consciousness in Section 24.5.

® This does not amount to scepticism about the physiorld because space in the brain is represenyeaiur
phenomenal image of space. It is just that we caimagine or picture to ourselves what real spacactually
like. This is also different from instrumentalismdaanti-realism because one can be completelystizalibout
scientific descriptions of forces, quarks, elecssoand so on, and yet claim that they can onlydseribed in an

abstract language, and not imagined by human beisgg the virtual phenomenal model associated wieh
brain.

° A more detailed version of this argument can hmébin Gamez (2007c, pp. 71-83).

1% This focus on the brain is not affected by Clanki £halmers’ (1998) suggestion that many cognipikecesses
might be carried out in the environment. Whilst goofi our cognitive processes and even beliefs neagnernal
to our brains, Clark and Chalmers (1998) are catefpoint out that both experiences and consciessare likely
to be determined by the processes inside our bréfielsnans’ (1990) interpretation of projection theds also
consistent with a strong link between the brain @oedsciousness because he claims that consciougess
generated inside the brain and projected out @ft@ the environment. The only people | am awarendb
question a strong link between the brain and consciess are Thompson and Varela (2001), who esgtiah
exclusive focus on theeural correlates of consciousness and claim that “tlegueses crucial for consciousness
cut across brain—body—world divisions, rather thaimg brain-bound neural events.” (Thompson ancha2001,
p. 418).
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The physical brain is part of physical reality: it is congle non-phenomenal and has
never directly appeared in the stream of experience. It comsigt® physical entities that are
deemed by physicists to constitute physical reality, suajuagks, wave-particles, forces, ten-
dimensional superstrings and so on. The physical brain is also defiretdr properties, such
as spatial extension, mass and velocity, which can be defined maditely and must be
carefully distinguished from their phenomenal representations.

The phenomenal brain is the totality of our possible and actual pheabexgreriences
of the brain, including its texture, colour, smell, shape, taste, soundand $he phenomenal
brain also includes phenomenal measurements of the physical braimsstiuh experience of
looking at an fMRI scan, or taking a reading from a thermonweité its bulb inside the brain.
We can remember our phenomenal experiences of the brain and itegmevhen the brain is

not physically present.

2.2.5 Concluding Remarks about the Phenomenal andt  he Physical

This interpretation of the phenomenal and physical gives equal impertarthe phenomenal
and physical worlds and suggests that it is too eaygsomehat the phenomenal world can be
reduced to the physical world - although it is not impossibletthatcould be established by
later work. This understanding of the phenomenal and the physicafitalso with Varela’'s
(1996, p. 347) claim that: “lived, first-hand experience is a prdgdd of phenomena
irreducible to anything else” and it has a lot in common witm&fjan’s (1992) constructive
naturalism and Searle’s (1992) defence of the irreducibility of constess. How this starting
point could be developed into a science of consciousness is discusigdiliim the rest of this
chapter.

A second aspect of the phenomenal and the physical that is worthngpuwn at this

stage is the ontological status of abstract properties, sutiheaslume of the brain or the
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number of red objects in my visual field. Whilst the volume of tlanbis not a physical entity
like a force or particle, it is also not part of my streameqerience in the same way as a yellow
flower or the smell of myrrh. This problem extends to the ontologittlis of language and
mathematics, which are also not straightforwardly phenomenal ysigah entities. Since this
guestion is not particularly relevant to this thesis, it willské aside here and | will use abstract
properties, mathematics and language to describe the phenomenal gpioysioal worlds

without taking a position about their ontological status.

2.3 What is Consciousness?

The distinction between the phenomenal and the physical will nawsdaeto set out a definition
of consciousness that will be employed throughout this thesis. #dtae clarifications of this
definition, it will be compared with some of the other interpretetiof consciousness that have

been put forward.

2.3.1 Definition of Consciousness
The distinction between an invisible physical world and a phenoméealrs of experience
suggests a simple definition of consciousness:

Consciousness is the presence of a phenomenal.world (2.1)

This definition is based on the distinction between phenomenal and phyesadiéy and it
suggests that phenomenal states and consciousness can be seatedclaangeable terms.

Some clarifications of this definition now follow.
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What is the best way speak about the consciousness of X?

There are many different ways of speaking about the conscesugima&t is associated with an

object or person X and since some of these are potentially chigled will endeavour to adhere

to the following general rules throughout this thesis:

Unspecific terms, such as “the red flower”, “the system”, ‘fileéwork”, etc., could
refer either to the phenomenal aspect of X, which | expersitbemy human senses,
or to its underlying physical reality. Most of the time it does matter whether the
physical or the phenomenal aspect of X is being referred to, ircassumed that
phenomenal X corresponds to an underlying physical X, and that patystal X

can affect our stream of experiertée.

Some conscious states might not include a subject or a perspesiveso it is
potentially misleading to claim that X is a phenomenal world. Difficult problems
with spatial perception also make the use of ‘in’ problematee-Gamez (2007c, pp.

25-87) for a discussion.

The approach to consciousness in this thesis is based around rnthécaden of
correlations between the phenomenal and physical worlds (seerS2di), which
may eventually lead to a causal theory of consciousness. Howexiérthis point is
reached it is inappropriate to use phrases like “The consciousnss ausedby

brain state Y” or “The brain state {ves rise td¢he consciousness of X.”

I will be using the word “associated” to express the link betwaonscious states and
X. The person or object X in front of me is an object in my phenonveoiddi and |

can measure the physical aspects of this object. If X makesiple claims about its

1t seems likely that all systems have both phenmhand physical aspects, but | am leaving thisnogitethis
stage. Although it might be thought that some systeould have a completely non-phenomenal characestark
matter machine for example, or perhaps a highlpedised gas — it would still be possible to constplenomenal
representations of these systems, such as a picture
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conscious states or if | make predictions about the conscious atateghen | will
express this by saying “there are conscious stadesciatedwith X” or “there are

phenomenal statessociatedvith X.”

* Once we have an association between phenomenal states and a phérumngsical
X, then we can start to look for correlations between them. phkeifEation of a
correlation between a conscious state and a state of X is edrridal than an
association, and | will use “the consciousnessrelated with X” to refer to a
mathematical or statistical relationship between the consciaissssciated with X

and phenomenal/ physical X.

» Although “The conscious statennectedwith X” might seem to be a plausible
alternative to “associated”, it implies a causal relatroone or both directions, which

assumes too much at this stage.

« “The consciousnesef X", “conscious X" or “X’'s consciousness” will be used as

convenient synonyms for “the consciousness associated with X.”

« “What X is conscious of” will be used as a synonym for “The austef the

consciousness associated with X.”

The only deliberate exception to these rules will be when | grtaieing or paraphrasing the

work of other people.

Definition 2.1 has nothing to do with language

Most of my conscious states have little to do with languageraatiee, although | use language
to reflect on them and communicate them to other people. It mighotrthat consciousness is
constantly correlated with language or self-reflexivity, Ihig ts not something that needs to be
incorporated into the most basic definition of the phenomena that vedtemgpting to study and

explain.
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Phenomenal worlds might be completely different

When | experience a person within my phenomenal world they are surrounded by bbjeats t
part of my phenomenal experience. However, the objects thatdiperaight not be included in
the other person’s world — they could be immersed in a uniform diekdackness or pain, for
example. When we look at a schizophrenic patient, such as Schrebay, thatshe is associated

with a phenomenal world, but this world might be very different from our’8wn.

There is nothing special about qualia

In Section 2.2.3 | argued that there is no fundamental distinction éetlassic qualia, such as
red, and our experience of space, time, movement and number. Thiststiggethe concept of
qualia is either redundant or should be used as a synonym for phenorpamaree in general.
Theories of consciousness apply to the whole phenomenal world, and niot flastcolourful
smelly parts of it. Critical discussions of qualia and th@ndgéard interpretation can be found in

Dennett (1988, 1992) and Churchland (1989).

The concept of consciousness is a new and modern phenomenon

This definition of consciousness helps us to understand why the cafospisciousness is a
relatively new phenomenon. In the discussion of the phenomenal and phgsicaled how the
modern concept of the phenomenal is strongly linked to the physiclal described by science,
which is a recent product of a great deal of conceptual, techcal@nd experimental effort.
Earlier societies lacked this notion of physical reality, smdt is not surprising that the concept
of consciousness is absent from Ancient Greek, Chinese and in thehHagtjuage prior to the
17" Century (Wilkes, 1984, 1988, 1995). Consciousness is a new and modern proldesebec

science is a new and modern phenomenon. The stream of experienceceasiderstood in

12 5ee Schreber (1988) for a description of this avarid Nagel (1974) for a more detailed discussfahis point.
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relation to an invisible world of gods and spirits; now it is integate&s aonsciougpphenomenal

representation of quarks, atoms, superstrings and fbtces.

A single concept of consciousness

Many people, such as Armstrong (1981) and Block (1995), have tried togdish several
different notions of consciousness, whereas Definition 2.1 is based ongla $ype of
consciousness that is present when there is a phenomenal world andwddesethere is not.
States that are claimed to be conscious according to Armstromigimal consciousness or

Block’s access consciousness, for example, are not conscious according titoDé&fifhi

Awareness

It is worth distinguishing the presence of a phenomenal world fronrefagéed concept of
awareness. Although many people link consciousness and awafeinésgossible to interpret
awareness as the presence of active representations in thethmaiare not necessarily
conscious. For example, when | am cycling along a canal and imagimewgnt concert, then |
might be said to have sensory awareness of the canal, althoughnbtaoonscious of it.

Likewise, | might be attributed awareness of the sound of thigeedtor in my kitchen, but |

only become conscious of it when the compressor cuts out. To avoid anesigdithis kind, |

will not use awareness in any technical sense in this thesis.

Consciousness and wakefulness
According to Laureys et. al. (2002, 2004) many patients in a wegetstate can be awake

without being conscious amtisplay a variety of responses to their environment:

13 Many people around today have a different integtien of the stream of experience that is oftersely aligned
with idealism (see Section 2.4.1) and rejects thensific interpretation of physical reality — Titae Buddhism is
one example. There is not space in this thesi®vtercthese other theories in detail and the prinfiacys will be
on the scientific study of consciousness, whiatiasely linked to the Western atheistic viewpoint.

4 For example, th©xford English Dictionaris (1989) third definition of conscious is: “Theas or fact of being
mentally conscious or awaod anything.” (Volume lll, p. 756).
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Patients in a vegetative state usually show reflespontaneous eye opening and breathing. At titne
seem to be awake with their eyes open, sometimesiisf) spontaneous roving eye movements and
occasionally moving trunk or limbs in meaninglessys: At other times they may keep their eyes shdt a
appear to be asleep. They may be aroused by painfubminent stimuli opening their eyes if theg atosed,
increasing their respiratory rate, heart rate atmbd pressure and occasionally grimacing or moving.
Pupillary, corneal, oculocephalic and gag reflexesoften preserved. Vegetative patients can makage of
spontaneous movements including chewing, teetldgmnand swallowing. More distressingly, they caere
show rage, cry, grunt, moan, scream or smile r@astspontaneously or to non-verbal sounds. Theid laad
eyes sometimes, inconsistently, turn fleetinglydode new sounds or sights.

Laureys et al. (2002, p. 178)

Vegetative patients ar@wvakewhen they have their eyes open and vocalise or grimace. These
patients areconsciouswhen they are experiencing a phenomenal world, and Laureys et al.

(2004) suggest some of the clinical signs that can be used to judge when this is.the cas

2.3.2 Comparison with Other Theories of Consciousne  ss

This section compares Definition 2.1 with some of the more inflalerttheories of

consciousness.

What it is like

According to Nagel (1974) an organism is conscious if there isteorgehat it is like tdoethat
organism. However, it is possible (although unlikely) that thezgpaenomenal worlds without
any stable correlation with phenomenal or physical things, and sundetonsciousness in
terms of this association with phenomenal and physical objects is adding too muctotocka

at this stage. Furthermore, Nagel’s claims aboustigectivecharacter of experience suggests a
necessary connection between consciousness and a perspectiVahgdstfsome kind of self is

undoubtedly important for higher organisms, it might not be an essece@lre of
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consciousness and there might be forms of minimal consciousnessethathaut subjectivity —
see, for example, Metzinger’'s minimal notion of consciousness in Section 2.6.4.

Nagel (1974) discusses how we are unable to describe the expsr@#@nmeatures that
are very different from ourselves — for example when wengitéo describe the phenomenology
of a bat. This problem also occurs when we attempt to describ@nisei@usness of artificial
systems, and it is covered in more detail in Section 4.4.2. Nagsistance to various
reductionist theories of consciousness is also very much in linle thi2 approach to

consciousness that is taken in this thesis.

Minimal, perceptual and introspective consciousness.
Armstrong (1981) distinguishes between three types of consciousiessst, called minimal
consciousness, is present when there is mental activity occunrithg imind. When we are in
deep sleep we might have knowledge and beliefs, but there are ne evecturrences going
on, and so we are not minimally conscious. However, a person solving arpriobhis or her
sleep is minimally conscious because thinking is a form of mantadity. Armstrong’s second
type of consciousness is perceptual consciousness, in which weaaieecd what is going on in
our body and environment. Dreaming is minimally conscious, but we only leegeroeptually
conscious when we wake up and perceive the world. Finally Armstrengfids a third type of
consciousness, called introspective consciousness, in which we havatipertike awareness
of the states and activities of our mind. This notion of introspectwsciousness was invoked
to handle cases like ‘unconscious’ driving, in which we are percép@iscious of the road,
but not fully conscious of it because we are thinking about other things.

An initial difficulty with Armstrong’s first two types ofconsciousness’ is that it makes
little sense to call something conscious that takes place whédstare in deep sleep or
‘unconsciously’ driving, and so | will set Armstrong’s notions of mmal and perceptual

consciousness aside in this thesis. A central problem with Arm&rdhgd notion of
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introspective consciousness is that it seems perfectly colieag¢nte could be aware of our own
mental states without any form of consciousness being presensuahdmeta awareness is
likely to be taking place all the time in the brain. For exampien we are driving
‘unconsciously’ and thinking about other things, low level sensory datang passed to the
parts of the brain that identify cars and plan motor actions, anddtieseparts could be said to

be introspectively aware of the lower level data without any consciousnagspbesent.

Higher order thought

Rosenthal (1986) starts by definingreentalstate as a conscious or unconscious state that has
sensory or intentional properties. These mental states areedl&nibe conscious when they are
accompanied by a higher-order thought and mental states without a dtnidbethought are said

to be unconscious. Rosenthal claims that this presence or absenaghef drider thoughts
explains the consciousness or unconsciousness of mental states.

The problem with this account is that it is little more than euge explanation that is
introspectively and empirically unfounded. Rosenthal admits that evareaware of our higher
order thoughts, but claims that this is a necessary featurs diduory. If higher order thoughts
were conscious, then an infinite chain of higher order thoughts would decheemake each of
the previous higher order thoughts conscious. To avoid this problem, Roséainal that the
higher order thoughts are unconscious and only become conscious wherethegampanied
by third order thoughts. Whilst the unconsciousness of higher ordegitsois necessary to
Rosenthal’s theory it does mean that their existence cannotdidistsed through introspection.
Since higher order thought theory can hardly be said to be groum@eadbpirical data about the
brain, it is left as something that ‘explains’ phenomenal conswemsson the basis of something
that is itself completely ungrounded and unexplained.

Rosenthal (1986) argues that one of the benefits of his theory i$ tfl@rs some kind

of explanation of consciousness and “If nothing were more basic tmusonsciousness, there
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would be nothing more basic in terms of which we could explain corseess. All we could do

then is try to make consciousness more comprehensible by eleisiegse of the phenomena in
a variety of different ways.” (p. 352). The position of this thesihat phenomenal experience is
one of the most basic ‘things’ that there is and we needdib @lsense of the phenomena in a

variety of different ways before it we can start to hypothesize about itestaus

Phenomenal and access consciousness.
Block (1995) claims that the word consciousness is used in twadlistiays, which he
identifies as phenomenal consciousness (P-consciousness) and eacss®usness (A-
consciousness). P-consciousness is experience and the experientidigsropa state are “what
it is like” to have that state - for example, we have P-consataies when we hear, see, smell,
taste and have pains. On the other hand, access-conscious statgwesentational and their
content is available as a premise in reasoning and for the tatmmteol of action. Since many
phenomenal contents are atepresentational, this distinction can be expressed by sayinig that
is in virtue of the phenomenal aspect of a state’s content tisaPitonscious, whereas it is in
virtue of a state’s representational content that it is A-consciBlock uses this distinction to
argue against the claim that P-consciousness carries ouiclparfunction, such as high level
reasoning - a hypothesis that is often put forward in connectidn cages of blindsight and
epileptic automatism. Whilst A-consciousness is a functional notiargnBeiousness is not,
although it might be systematically correlated with certain functions.

Block’s separation of phenomenal consciousness from functions at ylsecgihor
information-processing level is entirely in keeping with the dediniof consciousness in this

thesis, which is based on a primary notion of phenomenal expetfedoeever, Block’s notion

15 Other criticisms of higher-order thought theory ¢ found in Gennaro (2004), Aquila (1990), Byth@97) and
Rowlands (2001).

16 However, Section 2.5 will argue that it does natken sense to speak about inaccessibleP-consciousness,
which cannot be established through scientific stigation.
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of accesconsciousness much less convincing and hinges on his careful definition of what
constitutes access to representational states, which enablés ¢ieam that cases of blindsight
and epileptic automatism are not A-conscious. It seems to madie more sense to separate the
notion of a representational state from consciousness altogethéos apdak about conscious
and unconscious representational states — instead of introducing oad seotion of
consciousness to speak about non-phenomenal representational states. ddgokthat A-
consciousness and P-consciousness have been historically confused is roudpbibt this is

not a reason to continue to speak about non-phenomgenatiousstates when unconscious

representational states are much more theoretically tractable.

2.4 Metaphysical Theories of Consciousness

One of the central questions in the philosophical study of consciousagdseen whether the
phenomenal and the physical are two separate realities or s@sstanavhether one can be
reduced to the other. To answer this question a number of metaphystcamies of

consciousness have been put forward.

2.4.1 ldealism and Phenomenology

Both idealism and phenomenology emphasise the phenomenal over phaalibal This type of
theory ranges from Berkeley’s (1988) claim that the conceptavémal substance is incoherent
and ideas are the only reality, to Husserl’s (1960) suggestion ¢hshhauld suspend belief in the
physical world and focus on the description of phenomenal experiencd might eventually
enable us to ground science in phenomenological data. Although thesestlaeriegically
consistent and cannot be disproved, they have not developed a frameworknthaatch
science’s success at prediction, and the hypothesis of a mataglyyreal physical world leads

to a much simpler interpretation of the phenomenal world. For exaihgenuch more useful
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to interpret a stone as a real physical object that can betigated in a variety of different
ways, instead of as a collection of ideas that were put into imaisrby God. For these reasons, |
will set aside idealism and phenomenology in this thesis and ttukeories that accept the

metaphysical reality of the physical world.

2.4.2 Interactionist Dualism

Interactionist dualism is the claim that the phenomenal world second thinking substance,
which is completely distinct from the substance of the physicaldwDescartes 1975, Eccles
1994). As our physical bodies move around in the physical world, ourcghysiains receive
data through the senses and pass it to the thinking substance, vidtee@mes conscious. When
our conscious phenomenal states decide upon an action, instructions sa@ Ipask to the
physical brain, which controls the muscles. Interactionist dualiss first put forward by
Descartes (1975), who suggested that data was passed betevé®o substances through the
pineal gland. The main advantage of interactionist dualism is ithatakes a very clear
distinction between conscious and unconscious representations.

One of the major problems with this theory is that it has gidfatulty explaining the
interaction between the two substances. The pineal gland is now kadwenctosely linked to
the maintenance of circadian rhythms, and no evidence has been fotmel fiypothesis that it
is the central channel of communication between the phenomenal mind aoinysh@l brain. In
fact it is unlikely that there is a single ‘seat of asveess’ anywhere in the brain (Crick and Koch
2003, Edelman and Tononi 2000), and so the dualist has to explain how a gafterg of
neural activation is passed on to a second substance and how the sectantesudasisally
influences the shifting pattern of activation in the brain. Naugtde or testable theory about

how this could take place has ever been put forward.
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A second problem with interactionist dualism is that our greaterrsiasheling of the
brain is making the thinking substance increasingly redundant. At meewe might have felt
that a second substance was needed to explain something as mysteioagination, whereas
we can now attempt to explain it as the offline activation of@gnsrocessing areas (Kossyln
1994, Kreiman et al. 2000). Similarly, we might have thought ttmaking needed a second
substance to explain it, whereas we can now see how this could lénedphs part of our
language-processing and imaginative abilities (Damasio 199%).aw¥ moving towards a
situation in which we will be able to explain all of thumctionsof the physical brain in terms of
neural processes, which will leave nothing for the thinking substamde. This turns the
thinking substance of interactionist dualism into a passive recipiatdta from the parts of the
brain that are the neural correlates of consciousness, witheafirocessing carried out by the
brain’s neural mechanisms. This is basically a version of epipheradisra, which will be

considered next.

2.4.3 Epiphenomenalism

Epiphenomenalism is often put forward as a way of solving the proldenmected with a two-
way interaction between the thinking and extended substance. Since yHieaphvorld is
thought to be causally closed, epiphenomenalism advocates a one wagtioiein which the
phenomenal world ‘sits on top’ of the physical world and recanfesmation from the physical
brain without having any causal influence on it.

This type of theory often emerges from some form of dualistnitatan be argued that
pantheism and Nagel's (1974) ‘something it is like to be somethang’also versions of
epiphenomenalism. Many examples of physicalism are also implicexplicit versions of
epiphenomenalism, since they generally look to the physical world hierirtfformation-

processing carried out by the mind and then seek some extra gudlityction of the brain that
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‘throws up’ passive phenomenal qualia, whose only function is the indicatioamderlying
physical state$” A physicalism that was not epiphenomenal would need to give phenomenal
states a causal role, but this is almost never the casep giysicalism almost always ends up
being epiphenomenal about consciousness.

The central and fatal problem with epiphenomenalism is that ipledely undermines
our ability to talk about phenomenal states. The descriptions of cons@sugreerated by the
physical brain are not causally connected with phenomenal statesoait is impossible for
them to beabout these states. To illustrate this point, consider a situation inhwhiam
consciously perceiving a green apple. In this case, there amadl of causal links from the
world to the activity in my visual cortex and epiphenomenalisnmddhat there are also causal
links from the activity in my visual cortex to a second substancehich the green apple
becomes conscious. However, since the causal links to the second sulostigngo in one
direction, when | say that | am conscious of the green applectiéyain my larynx muscles is
driven entirely by the physical activity in my visual corterdat is completely independent of
whether or not there is a conscious green apple in the second sebdthrsc situation is

illustrated in Figure 2.1.

7 Jackendoff's (1987) theory is close to this posifialthough he does not explicitly embrace theaptegsics of
epiphenomenalism: “The elements of conscious awaserare caused by/ supported by/ projected from
information and processes of the computational nivad (1) are active and (2) have other (as yepexified)
privileged properties.” (p. 23). As Jackendoff geimut, in this interpretation consciousness dagshave any
effect on the world: “Yet another way of looking®teory Il and its corollaries is as a claim thahgciousness is
causally inert This may seem harmless enough until we realizedty consequenc€onsciousness is not good
for anything The only way it can be good for anything is foto have effects, and such possibility has jusnbe
denied. Again, the only construal of ‘Consciousnessgood for purposeX’ within Theory Il is as ‘The
computational states that cause/support/projecsaionsness are good for purposg which does not exactly
have the same ring of victory to it.” (JackenddBZ, p. 26).
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Conscious image in
second substance

Unidirectional

. 520 nm electromagnetic waves
causal link :

Physical apple

"l am conscious
of the apple."

Larynx
Closed causal chain from perception

of apple to speech about it

Figure 2.1. Within epiphenomenalism there is only a one-waysal chain from physical reality to the second

substance, and so our statements about consciguamesompletely independent of our actual consciess

Since there is complete causal dissociation between the coofenis consciousness
and our speech about it, | will continue to state that “I am consoiote apple” regardless of
whether | am actually conscious of an apple, a banana or not condcadiuse@e Figure 2.2). If
conscious experience cannot affect physical reality, then ourgalhymdies have no evidence
for their claim to be conscious: there is simply no way in tvloiar physical bodies could ever

know that there is an epiphenomenal second substance.
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Conscious image in
second substance

Unidirectional
causal link

520 nm electromagnetic waves

Physical apple

"| am conscious
of the apple.”

Larynx ""-,‘_

Closed causal chain from perception
of apple to speech about it

Figure 2.2. According to epiphenomenalism, the contents af @ansciousness have no effect on our speech.
Although the apple sense data is transformed intorescious image of a banana, my physical brain ey
continues to state that | am conscious of an ajgplen if | became conscious of this disparity, ludbbe unable to

talk about it because there is no causal infludrare my consciousness to the physical world.

2.4.4 Physicalism

One of the most popular theories about consciousness is that thelg e substance, the
material world described by physics, and consciousness has somébhidg with the

information, processes, functions or structures within this physidetance (Poland 1994, Kim
2005). This material substance is associated with phenomenal wta¢@ it is arranged into
working brains, and not conscious when it is arranged into rocks oschitie advantage of
dualism was that it could easily accommodate properties, suckdagss or the smell of
lavender, within a second substance. In rejecting this, physici@ésras itself with the problem

that phenomenal properties are absent from the world describegsigplHowever we arrange



[ 40 ]

the physical world we will never arrange it into rednessher smell of lavendéf These

difficulties with integrating the physical and phenomenal worlds are distusse

2.4.5 The Easy, Hard and Real Problems of Conscious ness

In 1989 the philosopher Colin McGinn asked thedwihg question: “How can technicolor phenomenology
arise from soggy gray matter?” (1989: 349). Sidentmany authors in the field of consciousnessareke
have quoted this question over and over, like @asiothat in a nutshell conveys a deep and important
theoretical problem. It seems that almost nondeifit discovered the subtle trap inherent in thistioe. The
brain is not grey. The brain is colorless.

Metzinger (2000, p. 1)

Chalmers (1996) put forward a distinction between the ‘easy’ problemptdining how we can
discriminate, integrate information, report mental states, fodest@an, etc., and the hard
problem of explaining how phenomenal experience could arise from physatter. Although
solving the ‘easy’ problem is far from easy, we do at lbase some idea how it can be done.
On the other hand, although many theories have been put forward abouttpeoh#m, it can
be argued that we have no real idea about how to sdfie it.

The hard problem of consciousness generally gains its intuitive flommean exercise in
which we imagine (or perceive) a grey brain, imagine (orgveed the colour red and then try to
think how the colour red could be generated by the grey brain. Shidard problem because
we cannotimagine how the information-processing functions of the brain, for example, could
lead to phenomenal red.

The problem with this attempt to imagine the hard problem of cons®esss that the

physical brain is completely non phenomenal in character and so tke phablem of

18 Although we have no problenorrelating redness with electromagnetic signals of 428,57@ @htl lavenderness
with molecules of Borneol, Geraniol, Linalool, Laniilyl acetate, Linalyl acetate and Cineol.

® There has been extensive discussion in the literain consciousness about whether Chalmers’ hattlgm is
in fact a genuine problem and the different waysvirich it can be tackled. Representative positionthis area
can be found in Goguen and Forman (1995, 1996 aiSi897) and Gray (2004).
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consciousness can only be imagined by smuggling in our phenomenakentgties of the
physical brain and then trying to connect this phenomenal brérawiaradigmatic phenomenal
red ‘quale’. When we think that we are imagining the physical wwddare actually imagining
our phenomenal representation of the physical world. erd problem of consciousness is a
puzzle about how phenomena can cause phenomena, whereza tireblem of consciousness
is about how the phenomenal world is connected with real physicabns which we can
describe scientifically and mathematically, but cannot perceivenagine in any way. This
difference between the hard problem of consciousness and whatallarg the real problem of
consciousness is illustrated in Figure 2.3.

The hard problem of
consciousness is the attempt to
reduce phenomenal experience
to the phenomenal brain. We try
to imagine how one part of the

phenomenal world can be
reduced to another.

s ? e
Phenomenal representation A.'s phenomenal
of A’s brain experience
o) The real problem of . 2
. consciousness is the connection .. H
................ between the colourless physical - {}
world described by science and
phenomenal experience. We -
Particles, forces cannot imagine the connection Particles, forces
between phenomenal and
Wave;s, etc. physical reality. Wav_es, etf:.
forming my forming A.’s
physical brain physical brain
described described
abstractly and abstractly and
mathematically. mathematically.

Figure 2.3. The relationship between the hard and the reallpnobf consciousness. The brain picture on thadeft
my phenomenal representation of person A’s bralive Jurgeon picture on the right is A’'s phenomeeality (the

operation is under local anaesthetic).
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The hard problem of consciousness attempts to reduce one part of phenaaléggthe colour
red) to another part of phenomenal reality (the phenomenal bragoud3ions of consciousness
often get intuitively or imaginatively stuck on this hard problem cwiwill be never be solved
because intuition and imagination are simply not applicable.

Real scientific problems are solved by creating abstractrigésns of phenomenal
observations and hypothesising forces or other features of theghy®rld that link these
abstract descriptions with one other. In this respect, the reblepn of consciousness is no
different from any other scientific theory since we have phenonadsarvations of brains and
phenomenal observations of our experiences and science can look forittegudatween them,
which we may eventually be able to explain using a theory of mustess. It is relatively easy
to describe the brain because we can use mathematics, physhluslagyg to precisely specify
its physical aspects. Precise descriptions of phenomenal atatesuch more of a challenge
because up to this point we have relied on natural human languager fphenomenological
descriptions. Whilst statements like “I am experiencing a reld iol the left hand corner of my
visual field” might be adequate for our current research on muswess, there are good reasons
why a more precise language for phenomenology might be more appdpriaa science of
human consciousness, and a number of arguments are put forward in &dctidry a markup
language, such as XML, is already needed for the description phdm@menology of artificial
systems.

Once we have obtained precise descriptions of the physical and pmeh@tates we
can look for correlations between them and use theories about conscaiosmedke predictions
about the phenomenal states that are associated with the plyasiea and the physical states
that are associated with the phenomenal states. The accanacyfalsifiability of these

predictions (Popper 2002) will depend on the precision of the physicalpledomenal
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descriptions. This scientific approach to the real problem of conscesissellustrated in

Figure 2.4.

Phenomenal experiences
are associated with a
phenomenal brain

» 7
Ly N

Ny /

Phenomenal experiences

Phenomenal brain

Precise Precise
physical phenomenological
description Correlations between the description
- two descriptions lead to
Particles, forces, predictions according to a Phenomenal
neurons etc. in theory of consciousness experiences
the physical <:> described in a
brain described human or markup
abstractly and/ or For example: “Consciousness is language (see
mathematicall y. associated with neurons firing at 40 Hz in Section 4.4)

brain area X” might predict that whenever
there are neurons firing at 40 Hz in brain
area X, the system will have visual
experience P. It might also be possible to
make the reverse prediction that whenever
the system has visual experience P it will
have neurons firing at 40 Hz in area X.

Figure 2.4. First stage in a scientific solution to the rgabblem of consciousness. Precise descriptions are
formulated of the physical brain and the phenomerpkriences associated with the physical braid,thase are
used to identify correlations between the physical phenomenal worlds. The predictions that diffetbeories of

consciousness make about these correlations carbéhexperimentally tested.

If we can discover theories that make good and perhaps perfecattioresiiabout the
relationships between the physical and phenomenal worlds, then we staghto think about
how we couldexplain these predictions. A good example of this move from prediction to
explanation is given by the evolution of our theories about the exparisiases. A key stage in
this work was Boyle’s law, published in 1662, which predicts that tleespre,P, and the

volume,V, of a gas are related to a constant vétuaccording to Equation 2.1:
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PV =k (2.1)

This equation is an empirical observation about the relationship betthee pressure and
volume of a gas, which can be used to predict how a fixed quantitgsoivil respond to a

change in pressure or volume according to Equation 2.2:
P1Vi = PoVa, (2.2)

whereP; andV; are the pressure and volume before the chang®aaddV, are the pressure
and volume after the change. These predictions made by Bogte'svére laterexplainedby
Bernoulli (1738), who showed how Equation 2.1 could be derived by applying Newdws $0
the motion of large numbers of molecules.

In the case of consciousness, if we can establish predatgomships between the
phenomenal and physical descriptions, then we may eventually beocab@ve on to an
explanatiorf’ The form that such an explanation could take will probably only beadear
once we have done a lot more work on the identification of cowekbetween the phenomenal

and physical worlds, which will be covered né&xt.

% Since causal relationships are inherently tempitréd coherent to claim that a phenomenal evenses a later
physical event or a physical event causes a l&engmenal event, but it does not make sense to trge a causal
relationship to explain the co-occurrence of phesmoahand physical events at the same point in tiomdess the
common cause is something that is neither phendmema physical and occurs before the simultaneous
phenomenal and physical events.

2L coward and Sun (2007) put forward a general foom dcientific theories of consciousness. Whilstirthe
interpretation ignores the phenomenal/ physicadlrdison that has been argued to be essentialrfgrsaience of
consciousness, their suggestions about the hiecatatature of scientific theories fit in well withe approach to
synthetic phenomenology put forward in Chapter 4.
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2.5 Correlates of Consciousness

2.5.1 Introduction

The discussion of metaphysical theories of consciousness has shotvrsyttamatic
identification of the correlates of consciousness is an essirdiadtep in the development of a
scientific theory. Many people have started on this work and cumeestigations are mainly
focused on the correlation between consciousness and the human hihabredause people are
paradigmatic examples of conscious systems and because they are tipecek/that can make
verbal reports about their phenomenal states. Although a greaifdealk has been carried out
on the neural correlates of consciousness in recent years @8de98, Metzinger 2000), the
firing of real biological neurons is not sufficient for consciousnes&l might not even be
necessary, and so this section covers a broad spectrum of potem&kdtesrof consciousness
(PCCs)?

The ultimate aim of the search for correlates of conscioudmetss identify a list of
necessary and sufficient conditions that would predict with certathgn a physical system is
associated with phenomenal states and describe the contents oft#tesevhen they occur.
Although our scientific theories would be much simpler if we found ngleicorrelate of
consciousness, it is possible that consciousness is correlated mithi@licity of factors — for
example, a particular combination of temperature and neuraltaativght be necessary. It is
also possible that some factors will be partially correlatéiiclwwould only allow probabilistic
predictions to be made about whether a system is conscious and what it is conscious of.

Adequate knowledge about the correlates of consciousness will emahite predict
phenomenal states from physical states and physical stategpfrenomenal states, but it will

not prove that consciousness is causally dependent upon physicakstate®re than it will

22 Without a commonly agreed definition of consciassiit is impossible to say whether we have idedtiny
correlates of consciousness at this stage. Forghson, | will interpret all correlates of conssoess apotential
in this thesis.
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prove that physical states are causally dependent on consciousiess bpen question how
our theories about consciousness will evolve once we have mapped out ¢tetioos between

the phenomenal and physical worlds.

2.5.2 Potential Physical Correlates of Consciousnes s

The human brain is a paradigmatic example of a system agsbuwidgh consciousness, and so
any of its physical attributes are PCCs. None of these potential tesreddikely to be sufficient
for consciousness because it is generally assumed that no conssaggmesent when we are
in deep sleep or a coma when the physical attributes remain gectiarBome examples of

physical PCCs are as follows:

1. Volume of 1.4 litres.

2. Temperature of 310 K.

3. Weight of 1350 g.

4. Created after 1000 BCE.

5. Created through a process of natural selection.

6. Reflects light with a wavelength of 650 rifh.

7. Living neurons assembled from biological amino acids.
8. Haemoglobin.

9. Oxygen.

10. Rate of processing.

3 This assumption may not hold if Zeki's (2003) oatiof micro consciousnesses is correct. In thig s or
more consciousnesses could be associated withsamén deep sleep or coma, which would not be Vgrba
expressed because they are not integrated wittméimeory or vocal systems.

24| am using this as a convenient shorthand forfabethat the brain looks pinkish. In fact almoger non-black
object reflects light of 650 nm to some degree aude care would be needed to formulate an accpiatsical
description of this property of the brain.
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2.5.3 Potential Neural Correlates of Consciousness

Activity in biological neurons has been shown to be strongly cordelaith consciousness and a
large number of experiments have been carried out that have atetopdistinguish between
neural activity that takes place when we are not conscious — in deppsla coma, for example
— and neural activity that is correlated with conscious experience. The egieogisensus is that
the neural correlates of consciousness are likely to be distribuéednany different brain areas
- see, for example, Edelman and Tononi (2000), Crick and Koch (2003) DedraiNaccache
(2001) or Zeki et al. (1998, 2003) - and the coordination between theseragkd be achieved
by synchronization of neural firing (Singer, 2000), NMDA synapddohr, 2000), connections
to thalamic nuclei (Newman et. al.,, 1997) or some combination of timesdanisms. The
distributed neural correlates of the conscious model of our bodiedeaceibed in Melzack
(1992) and Damasio (1995, 1999). Further discussion of the neural corcélatassciousness

can be found in Chalmers (1998), Metzinger (2000) and Noé and Thompson (2004).

2.5.4 Potential Functional and Cognitive Correlates of Consciousness

The human brain can be analysed from the perspective of the lardggemafrfunctions that it
carries out, many of which might be correlated with consciousnésseTrange from the low
level input and output functions of ion channels and neurons, up to highefulesgbns, such
as perception, memory and cross-modal integration. The brain alsescaut a number of
cognitive functions that have been linked to consciousness, such as elmeteloation of a

situation, internal representations of the self, imagination and attention.
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2.5.5 Experimental Determination of the Correlates  of Consciousness

We will focus on the notion of consciousness ashdug contrasting pairs of similar events, where e
conscious but the other is not. The reader’s consdimage of this morning’s breakfast can be catechwith
the same information when it was still in memonyd ainconscious. What is the difference betweenaouns
and unconscious representations of the same tt#ng#arly, what is the difference between the reade
experience of his or her chair immediately aftéirgj down, and the current habituated represemtaif the
feeling of the chair? ... All these cases involve casts between closely comparable conscious and
unconscious events.

These contrasts are like experiments, in the stregewe vary one thing while holding everythingeel
constant, and assess the effect on conscious ameg&xperience.

Baars (1988, pp. 18-19)

To decide which PCCs aextually correlated with consciousness we need to measure the level

of consciousness when the potential correlates are present indivicaral in different
combinations, until we find the set that is systematically tatee with consciousne$s.For
example, if the human brain has attributes W, X, Y and Z, and remgvamgl W has no effect
on the consciousness of the system, but removing either X or Y indiyiduafl and Y together
leaves the system unconscious, then we can conclude that X an@ Yieeessary for
consciousness. However, we can only conclude that X and Su#reientfor consciousness if
the human brain has no other attributes in addition to W, X, Y and Z4night be correlated
with consciousness. For example, if the attribute C was left unetathging the experiments,
then it is possible that X + Y is not sufficient for consciousiaessC has to be included as well.
Some of the problems connected with this experimental processomillbe covered in more

detall.

%It is possible that there is more than one sebafelates of consciousness. For example, neummstreicted with
silicon chemistry and neurons constructed usingarachemistry may both be correlated with consciess.
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Selection of potential correlates

The first step in establishing the correlates of consciousa¢ssEhoose an initial set of potential
correlates for experimentation. Since we know almost nothing aboulinthédetween the
phenomenal and physical worlds, we cannot exclude anything withntertaut we are likely to
make more rapid progress if we start with a list of candglthat are broadly compatible with
the Western scientific outlodR.To begin with, we can exclude potential correlates that ate har
or impossible to test, such as the property of being createdl8fi®@ BCE. However, this still
leaves a potentially infinite number of testable PCCs, whichameonly narrow down using our
intuition about their potential link with consciousness.

A first problem with the use of intuition for this task is that omtuitions about
consciousness are all taken from our phenomenal experiences andeweeter experienced a
direct link between phenomenal and physical reality. However, wawd® a lot of experience of
correlations between our phenomenal experiences and our phenomasakemeents of the
physical world, which can be imagined and intuited. The intuitive exciud factors will have
to be limited to human cases because we have never directlyeexeer animal or machine
consciousness and any ‘observations’ of animal or machine consciousnedsxta extremely
indirect, inferential and based on what we believe about human consciouslliessgh we
cannot reliably intuit whether a stone, for example, is capaliersicious states, we can discard
many of the unique attributes of stones from our initial list oépixdl correlates because it is
likely to be more profitable to start with attributes of humawisich we know to be conscious
already.

A second problem with the use of intuition is that it can vary wiletween people. For
example, some people have an intuition that size is relevant tomasrsess because all of the

conscious systems that they have encountered have been withiaia carge of sizes. This

% 5ee Footnote 13.
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leads to clashes of intuition in which some people are unwilling teveethat a system the size
of the population of China could be conscious, whereas others do attributdéoasnsss to
larger or smaller systems. When clashes of intuition do odcisrgenerally better to leave the
attribute as a PCC so that its validity can be establistiedtsically. In the longer term it is
hoped that our intuitions about consciousness can be grounded by idenhyirggtlarities in

experience that gave rise to them.

Measurement of the physical system

To identify correlations between the physical and phenomenal svaréd need to measure
changes in the physical system. Most of the potential physicetlates can be gauged using
standard weight, volume and chemical measures and we have aramige of ways of
monitoring neural activity in the brain, such as EEG, fMRITRE implanted electrodéd.The
functional and cognitive correlates of consciousness can be méasing psychological tests,
and the functions of particular brain areas can be probed using patiémtbrain damage,
animal models or by applying transcranial magnetic stimula#dh.of these measurement

techniques produce phenomenal representations of different aspects of the phgisith

Measurement of consciousness
Experiments on the PCCs also have to measure whether consciogsasssciated with the
system and, if consciousness is a graded phenomenomyibent of consciousness that is

present. Since consciousness cannot be detected with scientifiomi@sts, its presence is

%" These technologies are in the early stages oflalevent and their low temporal and/ or spatial hetsan limits
the precision with which the neural correlatesarisciousness can be identified.

%8 One potential measurement issue is that we migheé lto measure the systenaapacityfor some functions as
well as the actual exercise of them within the exystFor example, if it is possible to have consgiexperiences
that do not involve imagination, then it could begwed that imagination is not a necessary corretdte
consciousness. However, this does not rule outpthesibility that acapacity for imagination is a necessary
correlate. The latter can only be ruled in or outskeing if there are any conscious (probably bdamaged)
people who lack all capacity for imagination. Araeple might be the amnesiac patients studied bgatés et al.
(2007), who are not only bad at remembering thé pas at imagining new experiences as well.
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established through first person reports in language, first personvaiizes that are
remembered and reported later, or through behaviour that is etestgs the result of conscious
experience — this is the only technique that can be used with angualsas monkeys, which
are trained to respond to a stimulus that is assumed to be corfSdiowsl of these cases, the
presence of consciousness is established thrbelghviour- our own behaviour when we write
down our introspective observations, the verbal behaviour of a reporting sobjeah-verbal
animal or human behaviour.

A first problem with behavioural measures is that they amnaftaccurate, especially
when some form of brain damage is involved. This can occur when peoplepaning
everything in good faith with no intention of deceiving the experimeRiar example patients
with Anton’s syndrome claim to be able to see perfectly whemdhthey are clinically blind
and anosognosia patients will make claims about being able to uselgzga limb, for
example, and confabulate wildly to explain its lack of movemeram@handran and
Blakeslee 1998).

A second issue with the measurement of consciousness through imnwedigtierred
behaviour is that certain types of behaviour could themselves beatesrelf consciousness.
Since some behaviours, such as the statement “I am conscious rightar@wore correlated
with consciousness than anything else that can be varied irpanre&nt, this possibility cannot
be completely ruled out. However, it does seem reasonable to suppas@dhadl report of my
dream was not necessary for the occurrence of the dreanh) Whwvould have experienced
independently of any external behaviour.

A third problem is that the probing of the conscious states migattattie conscious

states themselves, either by distorting our memories of theioassstates or by priming us to

2 See, for example, Logothetis’ (1998) work on theunal correlates of consciousness. In these expatin
macaque monkeys were trained to pull different igve response to different images and Logothett®nmded
from a variety of visual cortical areas in the aaakonkey whilst it performed a binocular rivalrgka
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interpret the situation in a particular way. Furthermore, as Depoiats out in his discussion of
Orwellian and Stalinesque revisions (Dennett, 1992: pp. 101-38), the ordeengrd$ can be
ambiguous at small time scales, and so when we report our consgpargerce of a visual
illusion, for example, there is an ambiguity between a falsmang of something that did not
consciously take place and a correct memory of a false congsiens Dennett (1992) uses this
ambiguity to argue that there is no single Cartesian Theatnich a determinate stream of
consciousness takes place and there are just multiple dratisrafive fragments under constant
revision by multiple brain processes. These multiple drafts egordbed at different times and
places to precipitate different narratives from the subject,Heue tis no single canonical stream
of consciousness.

The most serious problem with a behavioural measure of conscioustieststisimits us
to experiments that change the behaviour of the system. Ik@eriment does not alter the
system’s behaviour between the time of the experiment and theméystleath, then it is
impossible to tell if it has changed the system’s phenomenasst@ihe behaviour-neutral
experiment might have changed the consciousness of the systehis(icase, the attributes
under investigation are necessary and perhaps even sufficiemtrfeciausness), or it might
have had no effect at all on the system’s consciousness (ibatatirare extraneous factors that
should be eliminated from the list of potential correlates), and we have no wedyngf which is
the case. The physical aspects of a system that wereedowerSection 2.5.2 are the most
behaviour-neutral, since size, temperature and material can all beedhahnidst the behaviour is
held constant, which makes it impossible to measure the corrdba&tiween any of these factors
and consciousness. To make this point clearer | will look at anmienqd that is often discussed

in the literature in which part of the brain is replaced by a functionally eqotvaie.
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2.5.6 Brain Chip Replacement

To identify the necessary and sufficient correlates of consciausaet PCC needs to be tested
independently. Consciousness might be correlated with some of th@fisncarried out by the
physical brain and/or with the biological material of the brain, smdie need experiments that
change the material of the brain whilst holding the functions constadt experiments that
change the functions of the brain whilst holding the material aotnsbme way of holding the
functions constant and changing the material is to replace panedsrain by a functionally
equivalent silicon chip. For example, if the replacement of patefateral temporo-occipital
cortex with a functionally equivalent chip caused a person to lmsecousness of movement
information® then we could conclude that the brain’s biological substratetarutidns aréoth
necessary for consciousness. Although this is currently only ahlhexgeriment, people are
working on the development of a silicon hippocampend so it might be possible to carry out
this experiment in the future.

The central problem with this experiment is that the chip caoig exactly the same
functions as the brain area that it is replacing, and so thalbfterctioning of the brain — and
the behaviour of the person - is not altered by the operation. As M888) and Prinz (2003)
point out, neither an external observer nor the person who receivetipheould observe any
effect of the implant on consciousness. An outside observer would tect tiee replaced part
because the function of the lateral temporal-occipital cortexdvstill be carried out by the
chip. The person would continue to report and describe the movement itvdorm@cessed by

affected area, even though there might not be any consciousness ofenbpeasent. From an

% This example is based on a patient studied by &ihlal. (1983, p. 315), who completely lost heiligbto
perceive motion after bilateral cerebral lesiongha lateral temporo-occipital cortex: “She hadfidifity, for
example, in pouring tea or coffee into a cup beedhs fluid appeared to be frozen, like a gladieraddition, she
could not stop pouring at the right time since wlas unable to perceive the movement in the cup (@ut) when
the fluid rose. Furthermore the patient complaiogdifficulties in following a dialogue because stwmuld not see
the movements of the face and, especially, the Imoiuthe speaker.”

31 See http://www.newscientist.com/article.ns?id=B&4
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outside point of view, this would not even seem like a confabulatiomubecdhe visual system
would be working perfectly.

A first-person perspective does not help matters either. Simcehtip is functionally
connected to the rest of the brain in the same way that tmal lEmporal-occipital cortex was
before the operation, the person’s language centres should report phenomesralent in the
same way that they did before, and so they will continue to thinkthlegt are experiencing
movement, even if they have no consciousness of movement. Sealedf966-7) thinks that
the person might fedbrced to say that they are experiencing movement whilst they remain
conscious of the fact that there is no phenomenal movement presentdraiine person was
conscious of this compulsive language behaviour, then they would be ablmdmber and
report it at a later time, which would be a functional changedrsystem that has been excluded
by this experiment. It seems that even a first-person pergpecdinnot be used to decide
whether consciousness is affected by the replacement of biologicedns with a functionally
equivalent chip.

Against this Chalmers (1996) argues that verbal behaviour and conse®usndd be
very tenuously connected if we could lose our conscious experience ofmemvend yet
continue to describe movement using language. The problem with thidiabjés that the
implantation of a chip involves invasive surgery and it is not uncommopefgple with brain
damage to be systematically mistaken about their experieands confabulate to an
extraordinary extent to cover up their deficiency. As was poiatédn the previous section,
people with Anton’s syndrome are blind and yet insist that they sesn perfectly and
hemineglect patients will bluntly assert that a paralysedisrfunctionally normal. Faced with
these cases, it cannot be assumed that it is impossible fobesystematically mistaken about
our phenomenal states. Further criticisms of Chalmers’ arguraanbes found in Van Heuveln

et. al (1998) and Prinz (2003).
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The brain-chip experiment can be applied to part of the brain or nthe brain and in
all cases the system’s behaviour will remain constant. The sagwement applies to other
experiments on the brain’s material, such as a change in teorpeca the use of synthetic
blood to probe the link between haemoglobin and consciou¥nBsgh a change in temperature
and the exchange of real for artificial blood would leave thewhetaof the patient untouched,
and we would be left wondering whether it removed the consciousnessftatiek Ibehaviour
intact or had no effect on consciousness. As Harnad (2003) points oomtr attributions of
consciousness to a system are based on its behaviour, and so sorhathldngd not change the

behaviour cannot be separated out as a correlate of consciousness:

The only way to sort out the relevant and irreléy@operties of the biological brain, insofar asiggousness
is concerned, is by looking at the brain’s beharidinat is the only non-telepathic methodology kalde to
us, because of the other-minds problem. The teiopté to think that ‘correlations’ will somehow ige us:
Use brain scanning to find the areas and activitias covary with conscious states, and those lyélithe
necessary and sufficient conditions of consciousrnBat how did we identify those correlates? Beedhgsy
were correlates of behaviour. To put it another:vien we ask a human being (or a reverse-bioeaggde
robot) ‘do you feel this?’ we believe him when lays (or acts as if) he feels something — not therotvay
round: It is not that we conclude that his behawiguconscious because of the pattern of brairviagtive
conclude that the brain activity is conscious bseaaf the behaviour.

Harnad (2003, p. 74)

If some PCCs cannot be ruled in or out, thenwill never be able to identify a list of
necessary and sufficient correlates of consciousness and we willogeable to tell forcertain
whether a system is associated with phenomenal stBites distinction between correlates of
consciousness that can and cannot be separated out will now be fedmadiza distinction

between type | and type Il correlates of consciousness. TYPE$ Are behaviour neutral and so

%2 The temperature change would have to be carriedmuhat it did not affect the functionality ofettbrain or
allowed the same functionality to take place owesger time scales. The synthetic blood would haveet one of
the varieties that was not based on haemoglobin.
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their link with consciousness cannot be experimentally tested; ItyP&€Cs do affect the
behaviour of the system and their impact on consciousness can be measured.ifdtisrdistll
now be discussed in more detail and it will used to address questiang the potential

consciousness of non-biological systems in Chapter 4.

2.5.7 Type | Potential Correlates of Consciousness

Type | PCCs are either behaviour-neutral or they cannot be ssp&n@h the behaviour that is
used to measure consciousness in a system. Their key chatiactertbat no experimental
measure of their connection with consciousness can be devised ortedgitemny PCCs are
type | because they can be changed independently of the fungiopatties of the system. The
brain-chip replacement experiment illustrates how this is wuehle material substance of the
brain and the rest of the physical PCCs in Section 2.5.2 argall s well. The second class of
type | PCCs is linked to our ability to remember and/or report phenal experiences. A
change to the system that eliminates its ability to exptreghenomenal experiences or prevents
it from remembering them for later expression cannot be usedstofdr correlations with
consciousness because it destroys the measuring instrumerst tleaded for the experiments.
Memory and vocalisation/ behaviour can be removed individually — for @eamm short term
memory loss patients or REM sleep - but if both are lost together, then we lceng@omeasure
consciousness in the system. For example, if Zeki's (2003) notion ob-coasciousness is
correct, there could be consciousness in deep sleep and coma, winchlmanemembered or
reported because key brain areas are inactive or damaged. @pestsuthat some forms of
global integration and binding might also be type | PCCs: if tleem® integration between the

visual cortex and other parts of the brain, then there will be no seporhemories of visual
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experience. The loss of integration could have eradicated visual @osisess from the system

or it could have eliminated the system’s ability to remember and report esprdiencé’

2.5.8 Type Il Potential Correlates of Consciousness

Type Il PCCs can be separated out using behaviour and there is rapavighl the parts of the
system that are used for measuring or reporting consciousness.ayyge 1|l PCC is removed
or altered, the system’s reports of conscious states canech@actgyity in particular brain areas
is a type Il correlate because we can vary this actikityuigh transcranial magnetic stimulation
or observe brain damaged patients and measure the change in conssitusgh verbal or
other behaviour. Functional correlates also fall into this catelgecause it is conceivable that
we could disable a person’s capacity for imagination or emotiorex@mple, and then probe

their conscious states.

2.6 Three Theories of Consciousness

2.6.1 Introduction
The distinction between type | and type Il PCCs can be applied to theories aboidusmess:

» Type | theories of consciousness cannot be experimentally validateer because they
are based on type | correlates or because they are metaphiaiements of belief about
the world that can never be tested. This type of theory is esbeatma priori statement
of belief about the world that sets out a framework for interpoetand is completely un-

or pre-scientific in character.

» Type Il theories of consciousnessn be empirically verified through experiments because

they are based on type Il PC¥s.

¥t is even conceivable that we are conscious vaeaml, but unable to produce any form of behavicaugiut.
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It would be an impossible task to examine all type Il theoniethis thesis, and | have
decided to focus on Tononi’'s (2004) information integration theory of conscesjsne
Aleksander’s (2005) axioms and Metzinger's (2003) constraints, whithb&viused to make
predictions about the consciousness of the neural network that isbedsari Chapter &
Tononi’s information integration theory of consciousness was chosen becaisenumerical
method that can be used to automatically make predictions about tr@oasnparts of an
artificial neural network. Aleksander’s (2005) axiomatic thewag selected because it has been
influential within the machine consciousness community and it provid@sealink between
cognitive mechanisms and phenomenal consciousness. Metzinger's (2088)aiots were
chosen because they are comprehensively worked out at the phenometiahdliaod neural
levels and three of his constraints can be used to define a minohah of consciousness.
Taken together, these three theories cover the cognitive chetizdeof consciousness and
some of its potential neural correlates, and it is fairlarcleow they could be used to analyse a
system for consciousness. Although | am focusing on these thregesheothis thesis, the
approach to machine consciousness that | am developing is quitelgamtrean easily be
extended to other type Il theories.

The rest of this section gives an overview of Tononi's, Aleksanderts Metzinger’s
theories of consciousness, which will be used to demonstrate howedgieedictions can be
made about the consciousness of a system using different thémi€sick and Koch (2000)
point out, a comparison between predictions and empirical measuremdéngventually

determine which theories are accepted and rejected by science:

3 All theories about consciousness operate withiftasnework of assumptions that & priori at some level.
However, type | theories of consciousness will melbe empirically verifiable within the current soiéic
paradigm, whereas it may be possible to test tiyffeebries.

% The most serious omission is global workspacerthé®aars 1988), which has been influential in agsk on
consciousness and machine consciousness. An oweo¥imachine consciousness work in this area cafoted
in Section 3.5.6.
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.. while gedanken-experiments are useful deviceggémerating new ideas or suggesting difficultieshwit
existing ideas, they do not lead, in general, tsttworthy conclusions. The problem is one that khde
approached scientifically, not logically. That &)y theoretical scheme should be pitted againktast one
alternative theory, aneal experiments should be designed to choose between th

Crick and Koch (2000, p. 103)

In this thesis, Tononi’'s, Aleksander’'s and Metzinger’'s theoriedbeisg used to demonstrate
how detailed predictions can be made about the consciousness of g aystemthe future it is

hoped that it will be possible to compare these detailed predictitms\wystem’s reports about
consciousness. For this purpose only minor improvements or criticismseaessary and no
attempt will be made to integrate the three theories togethter put forward a new theory of

consciousness.

2.6.2 Information Integration

The theory of information integration was developed by Tononi and Sporns @@d&)ements
of it are also covered in Edelman and Tononi (2000). Information intexgriat measured using
the valued, which is the amount of causally effective information that camtegrated across
the informational weakest link of a group of elements. The informatitagration theory of
consciousness is the claim that the capacity of a systentegrate information is correlated
with its amount of consciousness and the quality of consciousness in differsrdfghe system
is determined by the informational relationships (Tononi 2004). To kestlihk between
information integration and consciousness Tononi and Sporns (2003) and Tononi (2004) evolve
neural networks with different values @fand showed how they are structured in a similar way
to the parts of the brain that are correlated with consciousness.

To measure the information integrated by a subset of elementse Subset is divided
into two parts, A and B. A is then put into a state of maximum en(EpP"*) and the entropy

of B is measured. In neural terms, this involves trying oupeadisible combinations of firing
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patterns as outputs from A, and measuring the differentiation dirihg patterns produced in
B. Theeffective informatior{El) between A and B is a measure of the entropy or infoomati

shared between them, which is given in Equation 2.3:
El(A—B) = MI(A"MAX; B), (2.3)
where MI(A; B) is given by:
MI(A; B) = H(A) + H(B) — H(AB). (2.4)

Since A has effectively been substituted by independent noise sdteresare no causal effects
of B on A, and so the entropy shared by A and B is due to the ceffisals of A on B.
EI(A—B) also measures all possible effects of A on B and -EIB) and EI(B—A) are in
general not symmetrical. The value of E{/) will be high if the connections between A and
B are strong and specialized, so that different outputs from A praliffiesent firing patterns in
B. On the other hand, EIGAB) will be low if different outputs from A produce scarce ef$ear
if the effect is always the same.

The next stage in the measurement of effective informatiothesrepetition of the
procedure in the opposite direction by putting B into a state ofrmumientropy and measuring
its effect on A, giving EI(B~A). For a given bipartition of the subset S into A and B, the

effective information between the two halves is indicated by Equation 2.5:
El(A=B) = EI(A—B) + EI(B—A). (2.5)

The amount of information that can be integrated by a subset isditmy the bipartition
in which EI(A= B) reaches a minimum, and to calculate thisimum information bipartition
the analysis is run on every possible bipartition. Since €l(A Bpimded by the maximum
information available to A or B, El B) has to be normalised BY*HA<B) when the

effective information of each bipartition is compared (Equation 2.6).
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HY** (A=B) = min{H"*(A); HM*(B)}, (2.6)

Theinformation integrationfor subset S, o®(S), is the non-normalised value of E4A B) for
the minimum information bipartition.

Tononi and Sporns (2003) define a complex as a part of the systei® tiot included in
a larger part with a high@. To identify the complexes it is necessary to consider everybp®ss
subset S om elements out of the elements of the system starting witl+ 2 and finishing with
m=n. For each subse& is calculated and the subsets that are included in a larget sutise
higher ® are discarded, leaving a list of complexes witk O that are not included within a
larger subset with greatdr. Themain complexs then defined as the one that has the maximum
value of®, and Tononi (2004) claims that this main complex is the conscious ghg system.

To substantiate his link betweeh and consciousness, Tononi (2004) compares different
network architectures with structures in the brain and shows howc¢heeatures associated
with high ® map onto circuits in the brain that are associated with conscisusHee details of
the algorithm that was used to calculabe are given in Section 7.4.2 along with some
optimisations that were developed for large networks.

Information integration is a type Il theory because it mak&salée predictions about the
link between consciousness and hiyhFor example, subjects should only report that they are
conscious of information that is held in the main complex and it nbiglttossible to change the
amount of information integration in animals and measure the effieconsciousness. The main
weakness of Tononi’s approach is that it is based on extrema\ifsaoh networks consisting of
10-20 elements, which makes it a rather speculative interpretatianropits in the brain
consisting of hundreds of millions of neurons. The positive side of thi®agpiis that it links
up with other work on effective connectivity and binding and it is tkpendent on a subjective

interpretation of the system’s constituent parts than other methdds example, to apply
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Tononi and Sporns algorithm we do not have to decide whether a parteyrdarepresents

emotions:®

2.6.3 Aleksander’'s Axioms

Aleksander and Dunmall (2003), Aleksander (2005) and Aleksander and Morton (h@0O&c)
developed an approach to machine consciousness based around five axi@res ¢lzined to
be minimally necessary for consciousness. According to Aleksahders ta preliminary list of
mechanisms that could make a system conscious, which should bel @evisar knowledge of
consciousness develops — a useful starting point that can be usedidedssand develop the
field. These axioms were deduced by Aleksander using intraspeahd he also identifies
neural mechanisms that could implement them in the brain. Each eiibes will now be

covered in more detail.

1. Depiction

Depiction occurs when a system integrates sensory and musct®rpasformation into a
representation of an ‘out there’ world. The key characteristaepfction is that visual or other
perceptual information is integrated with proprioceptive informatmmgive the sensation of
something that isout there which is very different from a photographic representation.
Aleksander claims that this axiom is implemented in the bbgincells that respond to a
particular combination of sensory and muscle information, such asatteslacked neurons
discovered by Galletti and Battaglini (1989). These cells respmrsingall visual stimuli only
when the monkey’'s eyes are pointing in a particular directionhaf rhonkey changes its
direction of gaze, different cells respond to the same visuallsismOther senses exhibit

depiction as well, with touch being the next most depictive, follometearing and then smell

% See Section 7.4.7 for some other criticisms afrim@tion integration.
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and taste, which are hardly depictive at all. Depiction is theé imgrtant axiom and it is a key

mechanism for conscious representation.

2. Imagination.

Imagination occurs when the system recalls parts of the wWwatdare not physically present and
this ability can be used to plan actions by constructing sequerficpsssible sensations.
Imagination is linked to the sustained activation of depictivedipatterns, which is likely to
depend on feedback or re-entrant connections in the brain. Research dnimeegdsy suggests
that the parts of the brain that are used in sensation arsageattin imagination (Kossyln 1994,
Kreiman et al. 2000), with the difference that they can beeaati different combinations, so
that we can imagine things we have never encountered before.diff@ngnt theories have been
put forward about how information in the brain areas involved in perceptianagination is
bound together. Aleksander and Dunmall (2000) claim that this is doresdmciating the
different sensory areas with a single location in muscularespadch unifies them into a single
object that feels out there in the world. The vividness of imaginmatecreases in proportion to
the degree to which the senses are capable of depiction, and sosbwivid imagined sense is
vision, followed by touch and then audition. Smell and taste are almpsessible to imagine or

remember accurately.

3. Attention

Attention refers to the process of selecting what we esipesi in the world and what we think
about in our imagination. Our attention can be attracted automatit@ilgxample when we

hear a loud noise, or we can purposefully select the parts of the tivatlwe depict or imagine.

In the human brain, the superior colliculus is one of the areassthatolved in the selection of

the eye position as part of the process of visual attention.
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4. Volition

The terminology that is used to describe this axiom has shiftedtiove, with Aleksander and
Dunmall (2003) referring to it as “planning”, whereas AleksanddrMorton (2007c) refer to it
as “volition” to distinguish it from rule-based planning processés @xiom refers to the fact
that we are constantly thinking ahead, considering alternatives aigthdevhat to do next. The
neural machinery for this process is the same as that in @kimimce the re-entrant neural
connections that facilitate imagination also enable the networkadve through sequences of
states to plan actions. Volition is conscious when it involves dep@teas and the emotions are

used to select the plan that is to be executed.

5. Emotion

We have feelings, emotions and moods and use them to evaluate platinaed. &ome
emotions, such as pleasure and fear, are hardwired at birth,ashetlfeers develop over the
course of our lives — for example, the feeling of hurt that weeeance when we have been
rebuked. Aleksander expects that the neural firing patternsiatgsbevith emotions will have
distinctive characteristics, which enable them to be associateédperceived and imagined
depictive events. As planning proceeds, predicted states of the vgyler neural activity in the

emotion areas that determine which plan is selected for execution.

Aleksander’s axioms are a clear set of mechanisms tha aseful starting point for
work on machine consciousness. Although | am reluctant to follow Alekséz@s, pp. 33-4)
in claiming an identity between neural activity and conscionsa®ns, | am happy to interpret
the axioms as potential cognitive correlates of consciousness, amdetpret the neural
mechanisms behind the axioms as potential neural correlates aictmmess. Aleksander’s
axioms are a type Il theory because they have been estabiisbedh introspection and it

should be possible to test their correlation with consciousness xdorpée, by finding people
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who lack one or more of the axioms and asking them about their congsipesence. The
axiomatic theory also predicts that people without a link betweearrmsormation and sensory
input should be incapable of depiction, and it might be possible tehisstising lesions in a
monkey. Aleksander’s neural implementation of the axiomatic mechgnisch he calls the

kernel architecture, is summarized in Section 35.1.

2.6.4 Metzinger’'s Constraints

Metzinger (2003) sets out a detailed theory of consciousnesssthHased around eleven

constraints on conscious experience:
1. Global availability
2. Window of presence
3. Integration into a coherent global state
4. Convolved holism
5. Dynamicity
6. Perspectivalness
7. Transparency
8. Offline activation
9. Representation of intensities
10.“Ultrasmoothness”: the homogeneity of simple content

11. Adaptivity

37 A critical discussion of Aleksander’s axioms canfbund in Bringsjord (2007). One of the problerased by
Bringsjord is the lack of formalization of the aris, which is addressed to some extent by the defingiven in
Section 7.6.2.
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These constraints should be met by any fully conscious menta&segpation and Metzinger
(2003) gives detailed descriptions of their neural, functional andpetational correlates.
Metzinger's constraints are all based on type Il correlafesonsciousness because their
phenomenal, functional and neural aspects can be introspectively amoinexypaly measured

in a system. A brief summary of the constraints now foll&tws.

1. Global availability

Phenomenal information is globally available for deliberatelydedi attention, cognitive
reference and control of action. Our attention can be attracteddiyected to any part or aspect
of our conscious mental content and we can react to this content usmligtade of our mental
and bodily capacities. Globally available cognitive processingharacterized by flexibility,
selectivity of content, and a certain degree of autonomy. One ofutiiions of global
availability is to increase the behavioural flexibility of tegstem, enabling many different
modules to react to the same conscious information, and it also suppartiirected behaviour
and the selective control of action. The neural correlates of gésadlability are not clear at
present and form part of the general question about how differeat af the brain are
integrated together. One theory is that large scale integraionediated by the transient
formation of dynamic links through neural synchrony over multiple frequeaads (Varela,
Lachaux, Rodriguez, and Martinerie 2001) and Tononi and Sporns’ (2003) information
integration offers a way of measuring the degree of global integrésee Section 2.6.2). In
contrast to constraints 2-10, global availability is a functional cainstand it is described by

Metzinger as a third-person version of constraint 3.

% Metzinger (2003) also gives an account of the phemal self model and intentional relation. Whitstse are
important aspects of human consciousness, thelesserelevant to this thesis and | will only coletzinger’s
constraints here.
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2. Window of presence

We experience conscious events in a single now within which éemwof things happen
simultaneously. In this now events can be represented as havingmuwatintegrated into
temporal figures, such as a musical tune. Events within the now drawgganisation and
vividness that is lacking from events outside it, and the window of qwess embedded in a
unidirectional flow of events, which join and leave it. This constraisupported by short term
memory, which keeps phenomenal contents active for some time th&estimuli have
disappeared from the receptive field. Functionally this constraudlvies the definition of
windows of simultaneity, so that all physical events regidtengthin each window are
temporally identical. By avoiding the definition of temporal relationthin each window the
fine structure of physical time becomes transparent to thens{sind temporal elements can be
ordered in a sequence. The neural correlates of this constranatavell known, although some
form of recursion will be necessary to sustain past eventzimdert cites P6ppel’'s (1972, 1978,
1985, 1994) theories about how oscillatory phenomena in the brain could proigjakiaternal

rhythm, which could generate the elementary integration units.

3. Integration into a coherent global state

Phenomenal events are bound into a global situational context withih wii@reone person
living in oneworld. Other situations are not phenomenally possible - the phenbwemé and

the phenomenal self amedivisible This constraint also refers to the fact that phenomenal events
are densely coupled: as we interact with the world, the statesge whilst the apparently
seamless integrated character of the overall picture is rpegiseOne function of global
availability is to reduce the ambiguity of the world down torgle compressed representation
and a single consciousness is also most appropriate for a singleMetdinger discusses how

this constraint functions as a stable background for imaginative planhatgcannot be

39 See constraint 7.
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transcended by the system, so that alternative simulated weoalusbe compared with a
representation that is tagged as the actual world and the sgisesmnot get lost in its own
simulations. A global conception of the whole is also necessaryder 6o understand other
objects and events as parts of the whole. The neural correlates of glolzddityaare similar to

those for constraint 1 and Metzinger mentions Flohr's (2000) hypothbsig the role of the
NMDA receptor complex in achieving large scale integration ofoorggactivity. Tononi and

Sporns’ (2003) information integration measure (see section 2.6.2) is also appleable

4. Convolved holism

Phenomenal wholes do not exist as isolated entities, but appeaxibtefhested patterns. We
experience phenomenal wholes — horse, house, person — that are gagsrofiholes — stables,
city, crowd - and can be broken down into smaller wholes that form ghes — legs, body,

head, walls, windows, roof, etc. This constraint functions to integnéormation together into a
unified superstructure and the binding of information at differersecould be achieved using

temporal coherence on different frequency bands, as discussed for constraint 1.

5. Dynamicity

Our conscious life emerges from a series of psychological mertteattare integrated over time
and represented as being in states of presence, duration and ctregare not a succession of
isolated events. Whilst constraint 2 refers to the single nowettists at any point in time, this
constraint refers to the integration of events over longer permmtitahe change in objects over
time - something like a temporal version of convolved holism. The fumaitimechanisms
behind dynamicity constitute and represent the transtemioleraity of objectdor the system,
making information about temporal properties of the world and thensygtsbally available for
the control of action, cognition and guided attention. Metzinger does notangveuggestions

about the neural correlates of this constraint.
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6. Perspectivalness

Phenomenal space is always tied to an individual perspective. Xp&rience things from
somewhereand it is impossible to imagine a way of seeing objectswatd encompass all of
their aspects at once. We are also phenomenologically awaeengfsomeonef being a self in
the act of experiencing the world. From a functional point of viewsgeativalness represents
the limits of the space that we can causally influence andemna system to become the object
of its own attention and self-directed actions. A phenomenal ssfasa necessary precondition
for the possession of a stroegistemicfirst-person perspective and for social cognition. The
neural correlates of this constraint include the networks involveteirrepresentation of our
bodies, the vestibular organ, visceral forms of self-representatttha nuclei involved in the
homeostatic regulation of the internal milieu. Damasio (1995, 1999) lendecond half of
Metzinger (2003) go into the neural correlates of this constnaidetfail. A substantial part of
Metzinger's work is dedicated to understanding more complex forntseophenomenal self

model, which are not covered in this thesis.

7. Transparency

When we look at the world we do not see a series of neural spilstieams of data from our

optic nerves. We simply see the objects around us and this transpaf@ucyepresentations is

due to the attentional unavailability of earlier processitages and our inability to introspect the
vehicle properties of a representation (we see a red flower, antlenoeurons generating the
representation of a red flower). This transparency of our mebntgkent forces us into naive
realism about the world: we see the world and not the means blg whigpresentation of the

world is constructed by our brains. A world cannot be present withaasgarency at some
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point in the system, and so this constraint forms part of the mimoteon of phenomenal
experiencé?

One of the functions of transparency is to remove complex procdssinghe system
and present the final result in the form of naive realism, lwhicces the system to take it
seriously because it is no longer ‘just a representation’. Orieeofeasons why the brain is
transparent is because it has no senses in it that could presentself as an object — it is
notably without pain receptors, for example. However, this is not @if imough for the
emergence of transparency, since there is no reason whigoukl s10t perceive the incoming
data from the retina, for example, as spiking neuron activityadsté light. Transparency is
fundamental to phenomenal experience, but unfortunately, as Metzinger“abtesst nothing

is known today about the neural basis of phenomenal transparency.” (Metzinger 2003, p. 178).

8. Offline activation

Phenomenal mental content can be active without sensory input, whicksabbént objects to
be recollected or dreamt and it can also be used in planning. Gifiination also makes the
difference between possibility and reality available to tretesy, supports social cognition by
enabling us to simulate other people’s first person perspectives, amihisas the risks
associated with exploratory activity in the world. Offline phenoahstates are characterised by
the fact that they are constructed from sequences of non-sticurhedated states and this lack
of covariance with the environment is an essential feature iofcngsal role. In the human brain
the same neural areas are frequently used for perception asithtdating possible perceptual
and motor situations, and brain areas that reactivate percepgaal auch as the hippocampus,

are important for this constraint as well.

401t is also discussed in Haikonen (2003).
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9. Representation of intensities

Phenomenal experience has a quantitative dimension: colours canmnvanghtness, some
sounds are louder than others and pain has a variety of differelst [€lies representation of
intensities has the function of guiding the attention of the orgarosstirnuli of maximum
interest and it also reflects the intensity of stimuli ineéhgironment. For example, pain directs
attention to a damaged area, and the higher the pain the morttemtiion is focused on that
area. The neural correlates of this constraint are likehetthe firing rates of the neurons and

the timing of their spikes.

10. “Ultrasmoothness”: the homogeneity of simple content

Unlike the real world, simple phenomenal experiences have ausalests density and are
homogenous at all levels of magnification. There is no internaltstajsio temporal texture and
the graininess of neuron firing is invisible at the phenomenal &, constraint is linked to

transparency because the homogenous atomic nature of simple seostemt could be

generating the transparency of sensory awareness. One ofunicgorial properties of

homogeneity is that it prevents us from introspectively pemgramto the processing stages
underlying the activation of sensory content, which is essentiathirproduction of an

untranscendable reality (constraint 3) and for reducing the congmatatoad. At the neural

level homogeneity might be related to our brains’ limited apaind temporal resolution: we
could only perceive the space between the grains of our neurakeepations if we had a
second, more fine grained, neural mechanism Without this, the dataetigt is just the data

that we get, and we have no access to the spaces or graininess within it.

11. Adaptivity
The adaptivity constraint states that phenomenal mental contehthauescome about through

natural selection. If we want to understand how consciousness caatgiiesdin the course of
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millions of years of biological evolution, we must assume that itsggses a true
teleofunctionalist description. Metzinger claims that this tpedson objective constraint could
affect the ability of artificial systems to experienceoions: “artificial systems as known today
do not possess genuinedynbodied goal representatigngecause they are not ‘evolutionarily
grounded’ — neither their hardware nor their software has developad d&n evolutionary
optimization process.”(Metzinger 2003, p. 199).

One of the ways in which Metzinger argues for this constrantding Davidson’s

Swampman thought experiment:

Lightning strikes a dead tree in a swamp while Baonh is standing nearby. His body is reduced to its
elements, while entirely by coincidence (and outifferent molecules) the tree is turned into hig/gical
replica. This replica, the Swampman, is a phys&al functional isomorph of Davidson; it moves thlink
talks, and argues just as the original Donald Dsoiddid. Obviously, it has precisely the same kirid
phenomenal experience as Donald Davidson, becauseomenal content locally supervenes on the brain
properties of the replica. On the other hand, titentional contents of Swampman’s mental statenatehe
same — for instance, it has many false memorieatat®oown history be they as conscious as they. ag
active phenomenal representations in Swampmania krauld be strongly conscious in terms of the whol
set of constraints listed so far, but they would satisfy the adaptivity constraint, because ttstates would
have the wrong kind of history ... It would enjoy ah; differentiated cognitive version of conscious
experience tied to a first person perspective,itowbuld still be consciousness in a weaker sebseause it
does not satisfy the adaptivity constraint holdiog ordinary biological consciousness. (Metzingé02, p.

206).

The relation of consciousness to its present and past environnusefus for understanding the
relationship between consciousness and action (see Section 2.7). Hdweveonstraint has a
number of serious problems. To begin with, very little of our bodies is the same as wlyenf man
our memories were generated, and so everyone has false diyptaisa memories about their
early history. Secondly, evolutionary arguments linking present sthtdge organism with a

past environment tend to rely on simplistic notions of evolution that egtioe complex



[ 73]

feedback loops between the organism and its environment and the octmsifgphysics and
chemistry. Third, many parts of the human body and mind evolved fordvéeyent purposes
than they presently serve, and so it is senseless to atempttheir present meaning to their
present or past environment. Finally, I cannot see the benefit ings#yat without this
constraint the consciousness would be weaker, when the phenomenal expesaitéo be the

same in both cases.

Within the framework of his constraints, Metzinger defines ammahinotion of conscious

experience as follows:

The phenomenal presence of a world is the actiwatiba coherent global model of realitgofistraint 3
within a virtual window of presencedgnstraint 3, both of which are transparent in the senseipistduced
(constraint J. The conjunction of satisfiedonstraints 2, 3and 7 yields the most elementary form of
conscious experience conceivable: the presencevairi, of the content of a world-model that canbet
recognizedas a model by the system generating it within its&&ither a rich internal structure nor the
complex texture of subjective time or perspectigab exists at this point. All that such a systenuldio
experience would be the presence of one unifieddwblomogenous and frozen into an internal Nowit as

were. (Metzinger 2003, p. 169).

This suggests that a robot implementing constraints 2, 3 and 7 shoulieespea minimal
phenomenal state that is without the differentiation, subjectivity eognitive capacity of
biological consciousness. In general Metzinger stressesdahstiousness is a matter of degrees
and higher degrees of constraint satisfaction will lead to hidegrees of phenomenality in a

system*!

41 A critical discussion of Metzinger's work can beuhd in Legrand (2005). There is also a certain wamof
overlap between Metzinger’s constraints and Tagl{®2007) discussion of the components of conscersn
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2.7 Consciousness in Action

Suppose someone were thus to see through the baamglicity of this celebrated concept of “fredlivand
put it out of his head altogether, | beg of hinctory his “enlightenment” a step further, and gis out his
head the contrary of this monstrous conceptiorfreEe*will”: | mean “unfree will,” which amounts ta misuse
of cause and effect. ... The “unfree will” is mythojogn real life it is only a matter aftrongandweakwiills.

Nietzsche (1966, p. 29)

There is no question that consciousness is impoftanlanguage, for artistic, mathematical, andestific
reasoning, and for communicating information atmuselves to others.

Koch (2004, p. 234)

2.7.1 Introduction

In this chapter | have kept the physical and phenomenal apart and eaeghas search for
correlations between them. One consequence of this approach isdbas inot make sense to
speak about phenomenal objects carrying out physical functions or gdhylsjects carrying out
phenomenal functions - although phenomenal states might be correlttgzhysical functions.
At the current stage of consciousness research, it is only possitalkk about the relationship
between phenomenal events and phenomenal actions and between physisareVtiysical
actions - with the hope that we will eventually be able to iflersystematic correlations
between the two. This strict separation means that a phenomengl®iwch as the perception of
a red object, will never have to be invokecetplaina physical event, such as the nerve signals
sent to a muscl&

Although the exact mechanisms of physical action are poorly unddisive can
conceive how complete descriptions could be carried out at the phigsiebthat explain how

networks of neurons could control a human body driving a car or carysophisticated

“2 1t must be emphasised that this separation ofataimsins does not imply any separation of subssbetween
the phenomenal and the physical.
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processes of reasoning. Such descriptions would be framed solely thitHanguage of physics
and biology and they would be complete without any mention of consciousneds or
phenomenal aspects of imagination or emotion. These physicalpliessiwould completely
explain the transformations of the physical world, but they wouldeleait the phenomenal
aspect of reality, which has been argued to be at least as amipast the physical. In order to
understand the relationship between consciousness and action at the phelewslense need
to use concepts such as red, imagination and emotion to explain haamweke decisions that
change the stream of experience. This level of explanationgh tess well understood and the
final part of this chapter will take a brief look at some erogir observations about
consciousness and use them to comprehend how we consciously and uncgnsaioysbut
actions.

This section starts with some phenomenological and experimentavatises about
consciousness, which demonstrate that our naive preconceptions aboutitheshgiabetween
consciousness and action are often wrong. Section 2.7.3 then offeratavdetiaissification of
the different aspects of conscious and unconscious action, which is usdevelmp an
interpretation of conscious control and conscious will in sections 2.7.4 and 2.7.5. Finalbn Secti

2.7.6 takes a look at our experience of conscious will.

2.7.2 Observations about Consciousness and Action

This section offers some general observations about consciousresitha used to develop
and support an interpretation of the relationship between consciousness and aceamhisSisna
subsidiary theme in this thesis, | will not be examining thgelaamount of research that has

been carried out in detdfl.Instead, the aim of this section is to offer some broad suppohtefor t

43 Some of the other work in this area is covereé/éynans (1991).
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interpretations of conscious control and conscious will that are psarfdrin sections 2.7.4 and

2.7.5.

Almost all conscious mental statésan become unconscious, but not vice versa

When we are driving a car we can be conscious of the controls amdatthebut we can also
process this information unconsciously if we are thinking about othegstfii However, we
cannot make the processes that regulate our heart beat consciousyevean exert voluntary
control over them with appropriate feedback (Yellin 1986). When wey caut a task
unconsciously it is not clear whether its associated mentekstge structured in the same way

as when the task is carried out consciously.

Unconscious representational mental states can be used to guide action &ndtéar problem
solving

People who suffer from epileptic automatism can perform tasksraplex as diagnosing lung
patients without conscious awareness (Cooney 1979). In our everydayvévegsecute many
complex tasks unconsciously that were learnt when we wengngathem out consciously at an

earlier stage in our lives.

Most of the time we are zombies

This point follows from the last. Most of the time we are aciimgnd responding to the world
unconsciously whilst our consciousness is focussed on something comgiiééebnt. Detailed
discussions of the unconscious control of behaviour can be found in Crick and 208&), (

Koch (2004) and Milner and Goodale (1995).

4 See sections 4.3.2 and 4.3.3 for definitions ofemtal state and a representational mental statefiply to both
natural and artificial systems.

4> This point has been disputed by Searle (1992)ognidennett (1992, p.137), who claims that it issxample of
rolling consciousness with swift memory loss. Thacanscious processing of complex information is
demonstrated by the work on visual masking, whiak $hown that unconscious words or digits can beggsed
at the lexical and semantic levels (Kouider anddaeie 2007).
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Unconscious processing is not good at dealing with new situations

When we encounter a problem with a task that we are exeautswnsciously, we often turn
our attention to the problem and solve it consciously (Baars 1988, Koch 26dérwdod
1982). For example, suppose that an amateur carpenter is hammeaimgilnwhilst thinking
about his wife. If the nail bends, he will probably stop thinking aboutvtiesand consciously
decide either to extract the nail or to straighten it outtin $ihis observation should be qualified
with the fact that many complex problems can be solved unconscioaslgx&mple, part of my
mind is often working on a problem unconsciously and the solution pops into atdy he
spontaneously without any conscious processing. In my case this oplnisair fairly abstract
problems, but dancers, for example, might be capable of solving compu®t problems

unconsciously.

Consciousness and learning
There seems to be a strong link between conscious informatioaspnog and the learning of
new skills, which generally have to be carried out consciouslyrdehey can be initiated and

executed automatically. As Koch explains:

. a zombie agent can be trained to take over theiteed that used to require consciousness. Thaa is
sequence of sensory-motor actions can be stitcbgedther into elaborate motor programs by means of
constant repetition. This occurs when you learn twde a bicycle, sail a boat, dance to rock-esifjclimb
a steep wall, or play a musical instrument. Dutimg learning phase, you are exquisitely attentivthé way
you position and move your hands, fingers, and fe®i closely follow the teacher’s instructiongkedaccount
of the environment, and so on. With enough practicavever, these skills become effortless, the onotif
your body fluid and fast, with no wasted effort. Woarry out the action beyond ego, beyond awareness
without giving any thought as to what has to beedoext. It just comes naturally.

Koch (2004, p. 235)
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Although there is some evidence that we can learn unconsciouslyllaasveensciously - for
example Reber’s (1967) work on the learning of artificial grammahe information that is

acquired in these experiments is fairly basic (see Shanks (2005) for an ovemdiewticisms).

Consciousness is not an all or nothing phenomenon

Each individual has periods of full consciousness and periods of barelyotensgperience.
When | am late for work and waiting for a train | am extrgnoeinscious of the tension inside
me, the situation on the platform, the clock and the possibility timaght get fired. As | travel
back from work and drift in and out of sleep on the train, | am bamigcious at all. When we
are fully conscious we are maximally conscious of the objedtseatentre of our attention and
barely aware of objects at the periphery. For example, camently most conscious of my
laptop in front of me and barely conscious of the street scend®utsi window. It is likely that
minimally conscious brain-damaged patients experience considéeablgnd more intermittent
consciousness than normal people or patients with locked-in syndr@mesyk et al. 2004). It
also seems likely that some animals are phenomenally consciaugsdser degree than a fully
conscious human — see Crook (1983), Baars (2000) and Seth et al. (2005¢uesidis of

animal consciousness.

The time scale of consciousness

Libet's (1982) experiments measured the duration of neural activetainis necessary for
conscious experience. Using electrodes he stimulated the somatgseodex of conscious
subjects with trains of pulses of different frequency, duration arehsiy, and asked the
subjects to report whether they felt any sensations. Libet foundthitbet was a minimum
intensity below which no sensation was elicited, no matter howtlmmgulses were sustained.
Furthermore, when a stimulus was above this intensity threshoddld only elicit a conscious

sensation if it was continued for around 0.5 seconds - pulse trainsrghartehis did not enter
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conscious awareness. Libet concluded from these experiments thainaeadequacy’ for
conscious sensation is only achieved after half a second of contistioudation of the
somatosensory cortex. This suggests that it takes approxintagehguch time to integrate all of
our sensory information into a single coherent conscious experierticgathbe reported. These
timing experiments confirm the observation that we are mostiybzes. On time scales of less
than half a second we react and respond to stimuli unconsciously andchacatiyn Over longer

time scales we build up conscious models, which set the framework for our unconseomss act

Consciousnesses and voluntary action

Libet (1985) carried out an experiment to measure the timingtioeship between our
consciously experienced decisions and the start of the neural thedriesad to voluntary action.
In this experiment subjects were asked to hold out their hamdrihdf them and flex their wrist
whenever they wanted to. At the same time the subjects watebh&atiag spot of light and were
asked to report the location of the spot when they became conscitlusiroflecision to act.
Libet also recorded the readiness potential, which is a slow wegstift in electric potential
that precedes voluntary motor actions and can be detected usimmgdes®n the scalp. In these
experiments, Libet found that the readiness potential precededibtfexts’ experience of a
voluntary decision to act, which suggests that the action of flexiagwrist was initiated

unconsciously, rather than as the result of a conscious detision.

2.7.3 Conscious and Unconscious Action

These empirical observations about consciousness show that in manpstances we react
automatically to the world or unconsciously initiate actions tleahave not consciously decided

to do. To clarify the relationship between consciousness and actiorgnrense of events that

“8 |ibet's timing experiments have generated a gieat of controversy and there is not space to gothe details
here. Many criticisms of the voluntary action exp®mts can be found in the commentary followingdtifl985)
and a fairly comprehensive review can be found am@és (1998).
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constitutes an action has been broken down into the decision that Setemtsion, the initiation

of the action and the sensory feedback from our bodies and the wdnkl agion is carried out.

Each of these stages can be carried out consciously or unconsciously, as showa2nlTabl

Conscious Unconscious

Decision Using imagination and the emotions | reasdinconscious decisions are either hardwired
about the different courses of action andto our nervous system - for example, reflexes
select one. | might imagine eating at differentor reached through unconscious processes
hours of the day and decide that 1.00 is|ttiet are largely unknown at the present time|.
optimum time for lunch.

Initiation | The initiation of the action occursThe initiation of the action occurs
immediately after a conscious decision|tmconsciously. For example, | am lying in hed
start the action. For example, | decide to|gmd suddenly find myself in the act of getting
to the shop, and then | get up and go to|the.
shop.

Execution | We are conscious of the action as we carfy¥e are unconscious when the action is bging
out. For example, as | walk down the streetcérried out - for example, cases of epileptic
look around me at the people and daastomatism or sleep walking.
without entering into a state of imaginatipn
or memory.

Table 2.1. Different aspects of conscious and unconscious&ti

These conscious and unconscious aspects of an action can be combineckeint ditigs

- for example | might consciously decide to eat my lunch at 1:00,tleen make a second
conscious decision to carry out the action of eating my lunch.nalieely, | might have made a
conscious decision several years ago to eat my lunch at 1.00 whenesitepand start
preparing my lunch automatically when | glance at the clodkout a second conscious
decision. Other combinations are also possible — for example, actianse planned, initiated
and executed completely unconsciously. The only intuitively implausitaebination is the
conscious initiation of an unconsciously chosen action, since it is basdet how we could
decide to execute a decision that we are not aware of.

Two combinations from Table 2.1 will now be used to develop models of ocossci
control and conscious will. With conscious control, the action is de@desciously, initiated

consciously (because the action is immediately carried out) lengdrson is conscious of



[ 81]

sensory feedback from their body and the world as the action ¢sitege With conscious will,
the action is decided consciously, initiated automaticallggponse to an environmental trigger

and executed with the person conscious that they are carrying it out.

2.7.4 Conscious Control

In conscious control actions are decided consciously, initiated imtegd@nd consciously
carried out. One of the most plausible models of conscious decision makofered by
Damasio’s (1995) somatic marker hypothesis, which gives a gaodigicof the way in which
the imagination and emotions work together to reach deciionsthin this framework we
make decisions by running through a number of imagined scenartdsigigar bodily feelings
associated with them, and eventually settle on the one that feel3 benake this process more
efficient there also has to be some mechanism for remembghioty scenarios have already

been evaluated. This process can be summarised as follows:

1. Generate imaginary scenario that has not been generatee@ lmefaevisit previous
scenario because all other options are exhausted.

2. Evaluate how scenario feels.

3. If scenario feels bad, remember that scenario felt bad and go back to 1.

4. Else if scenario feels right, carry out action immediately.

In discreteconscious control we carry out a single action and the consciogsahan
of the actiorprecedeghe action. Since the conscious decision making process is quitetisis
type of conscious control does not happen very often — we believe thatocensentrol is more
common than it is because in many cases the unconscious initiateom aftion generates a

conscious representation of the action just before it takes plam (985)*® However, there

4" The relationship between the emotions and judgeisetiscussed by Clore (1992).

“8 See Figure 2.5 for an illustration.
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might be circumstances in which we consciously decide to do somgetihd then immediately
execute our decision, and a neural model of discrete conscious duagrbeen developed as
part of this thesis.

In continuousconscious control an action takes place under the guidance of a consciou
model that determines the evolution of the action over time. Whilst the decision andidtienni
of the action might be automatic, the management of the actiodosely linked to
consciousness. For example, if my friend asks me what | dresimtiddt, then | will probably
start my answer automatically without making a conscious decebout whether to reply or
not. However, my narration is continuously guided by my conscious mewhoing dream, and
without this conscious recollection it is hard to see how the dremutd de described.
Although many of our day to day actions, such as driving or diagnosingpatrents, do not
need to be carried out under conscious control, there are numerousatagyons when we do
seem to be consciously controlling continuous actions. Continuous conscious isolitedy to
be more common than discrete conscious control, but it is often ignoradseeit is harder to

measure experimentally.

2.7.5 Conscious Will

The time scale of discrete conscious control make it implausibkethis is the main way in
which our conscious decisions influence our actions, and it is much rkelethat actions are
decided consciously and then initiated unconsciously in response to corsubusconscious
perceptions. In this thesis | will use the term “conscious \dltefer to the process whereby

actions are chosen consciously, initiated unconsciously and then consciauigd ouf® The

49 Without conscious control, the situation wouldzbikit like blindsight in which | might be able taegs accurately
about the contents of my dream, but would not be &boffer a fluid and natural description.

%0 «“Conscious will” could also plausibly be used &fer to actions that are consciously decided, uscionsly
initiated and unconsciously executed. Since thissdwt appear to be a common situation, it has beeaside in
this thesis because it would serve only to comp#itiae discussion.
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decision process in conscious will is carried out in the sameawaypnscious control, but in
conscious will, werememberthe decision and execute #@utomatically in response to
environmental or internal triggers (perhaps with the possibilityetd - see Libet (1985, 1999)).
For example, at midnight | decide to get up at eight tomorrow ngpamal set my alarm clock;
when the alarm goes off | lie in bed feeling reluctant and siueldenly find myself in the act of

getting up. The stages in this model of conscious will can be summarized as follows:

1. Generate imaginary scenario that has not been generate@ lmefoevisit previous
scenario because all other options are exhausted.

2. Evaluate how scenario feels.

3. If scenario feels bad, remember that scenario felt bad and go back to 1.

4. Else if scenario feels right, remember future action and aniassoal trigger that will
release the action.

5. Continue acting in world.

6. When associational trigger is reached, perform action unconsciously.

This distinction between conscious decisions and automatic executiodge@iay out
of the problems thrown up by Libet's (1985) timing experiments onwhle Within the
framework that | am presenting here, the subject's consciousiatet¢o flex their wrist was
taken when they decided to participate in the experiment minutesurs before the actual
action (a fact highlighted by some of the commentators followibgt's (1985) paper). As they
randomly flexed their wrist they were not making conscious decisibas automatically
executing a decision that had already been made, and so it isrposiag that the readiness
potential preceded the subjects’ awareness of their decision .tof@dest the timing of
consciousdecisions, the experiment would have to present a number of optionssiobjbets
that would require internal simulation to choose an appropriate actientiming relationships

would then be between the internal modelling of the situation, dtieaion or simulation of
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different body states, the memorization of the conscious decisiotharahset of the readiness
potential that precedes the execution of the action. It would lyesweprising if the readiness
potential preceded all of these events, which are likely to taleast one or two seconds. This

interpretation of Libet is similar to that put forward by Aleksander ep@D%)>*

2.7.6 The Experience of Conscious Will

Our feeling of having willed something could be interpreted adbésé evidence that we have
for a link between consciousness and action. However, Wegner and &Yyhg#@b9) and
Wegner (2002, 2003, 2004) claim that our experience of willing is agtaalhferencethat we
make about the relationship between a thought and a subsequent actiorg do not directly
experience an actual causal process. This claim is suppori&ednyer and Wheatley’'s (199B)
Spyexperiment in which two people used a board mounted on top of a nooos®/¢ a cursor
to point to one of fifty tiny toy pictures taken from &rspy book. One of the people was a
genuine participant who heard words on his or her headset and wasycmedib to bring the
mouse to a stop. After each trial this participant was askeateéoeach stop for the degree of
intentionality that they felt when they made it. The second persdhe experiment was a
confederate pretending to be a participant, who was given instrutbicgtep the mouse on a
particular picture or to allow the participant to stop the cundwrever he or she liked. On some
of the trials the participant heard words that matched the fotopda a particular picture — for
example, they might have heard the word ‘swan’ prior to the corafedbringing the cursor to

rest on the swan.

*L There was not space in this thesis to examinethisaconcept of will relates to freedom of the wilhe question
about the freedom of the will is a complex topiattbombines a number of conflicting intuitions (lderich 1993,
Double 1991). However, it is worth pointing out tthhis model of conscious will is broadly compatibhith
Hodgson'’s (2005) basic requirements for any accotifriee will and it is aligned with compatibilistcounts that
balance psychological freedom with metaphysicaémheinism, such as Gomes (1999) and Clark (1999lsti
largely agrees with Kane’s (1996) libertarian cquicef free will as the power of agents to be the ultimate
creators (or originators) and sustainers of thewmends or purposégp. 4).
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This experiment showed that being cued with a word did not lead thepearts to stop
more frequently on the associated pictures. However, the particgidnti&aim to have a higher
amount of intentionality when they were cued 5 or 1 seconds before foetegl to stop on a
particular picture, which did not occur when they were cued 30 secofmls be 1 second after
the forced stop. In other words, participants claimed that they harbled to stop on a picture
associated with a word that they had heard 5 or 1 seconds befanetheugh they had no
choice about where to stop and would not have stopped on the pictureaohtbderate had not
moved the cursor to this position. This suggests that the partigperperience of will
depended on an association between the cued words and actionsheattwer &ny actual causal
link between their thoughts and actions. According to Wegner and \&edi999), this
experiment shows that the participant’s experience of conseidiezises through an inferential
process in which they reason about their actions and conclude whether they did them or not.

Three of the most important factors in this inferential pro@ssthe priority of the
thought before the action, the consistency of the thought with tlea and the exclusivity of
the thought relative to the action. If we think of an action a shod before it happens, if our
thought matches the action, and if no other causes can be put forwapdaio éhe action, then
we experience a feeling of intentionality relative to théoactan experience that we willed the
action. Wegner (2003) supports his argument with other examples in thieiehis a disparity
between the feeling of conscious will and the actual volition, sudli&s hand syndrome, in
which the person chooses the actions of the hand, but does not believé tirheedelf to have
willed them (Geschwind et al., 1995), schizophrenics’ attribution of qikeple’s actions to
themselves (Daprati et al., 1997), and action projection in whichsamp@erforms a voluntary

action that they attribute to someone else (Wegner, 2602).

%2 Although Wegner and Wheatley (1999) and Wegneb42@&ite these as examples of wilful action, witkiie
framework presented in Section 2.7.3, these armpbes of unconscious decisions initiated unconstjguvhich
is quite different from the model of conscious waillt forward in Section 2.7.5.
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Although Wegner (2003) claims that the feeling of conscious svdhillusion because it
does not reflect the underlying causal mechanisms, this should nateh@reted as the claim
that there isno link between consciousness and action. Wegner's work convincingly
demonstrates that our inference about our causal powers is fddliblie does not show that it is

always incorrect - a point that is made explicitly by Wegner:

Does all this mean that conscious thought doescaonse action? It does not mean this at all. Thie ¢ds
determining the causal relations between consciepsesentations and actions is a matter of ingpecti
through scientific inquiry, and reliable connecsdpetween conscious thought and action can poligribie
discerned by this process. The point made heregaisthe mind’s own system for computing these iatat
provides the person with an experience of consaiglishat is no more than a rough-and-ready gua@such
causation, one that can be misled by any number@afmstances that render invalid inferences...

(Wegner, 2003, p. 68)

Some people, such as Claxton (1999), have attempted to use argumdatstsiiiegner’s to
virtually eliminate the relationship between conscious will aciiba. The problem with this
position is that a complete break between consciousness and acti@s monsciousness
epiphenomenal and eliminates any sense in which we can clapea&about consciousness - a
position that was discussed in detail in Section 2.4.3.

Wegner’s account of our experience of conscious will fits in alywvith the models of
conscious control and conscious will that were put forward in secigh and 2.7.5. In both
conscious control and conscious will, the imagination and emotion thatharkwed in the
decision making process have a completely different phenomenology tfrenfeeling of
intention, and it is perfectly plausible that our experience ofisvithe outcome of an inferential
process that takes place after the action has been executeds pharticularly apparent in the
model of conscious will, where there might be a delay of yedngeka a conscious decision and
the unconscious initiation of the action. In this case it is hardiysible to claim that we

experience the will in operation, and much more likely we find degseengaged in an action
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and then experience a feeling of conscious will when we remeitmeyarlier decision that led
us to act in this way.

Although a connection between consciousness and action is essentiglttee@ry of
consciousness that is not epiphenomenal, it is important to remembeuthaferences about
this link are fallible and get the connection wrong in many<asRis is particularly apparent
when the unconscious initiation of an action presents an image of the action in conscjogsness

before it is carried out, as shown in Figure 2.5.

Experience of conscious will

Thought ‘Appeirenfcaus§b> Action

7
/

Unconscious
cause of
thought

’ Unconscious
path

Unconscious
cause of
action

Figure 2.5. Unconscious cause of thought and action. Althothghthought appears just before the action, both

thought and action have the same unconscious cBepeoduced from Wegner (2003).

Although the appearance of a thought prior to the action might etreblerganism to veto the
action (Libet, 1999), Libet's (1985) experiments have shown that the thofightoccurs after

the action has been unconsciously initiated, when there is only areappausal link between
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the thought and the action. However, with conscious control and conscidus iwithe timing
of the decision about the action that is important and detailed sardieseeded to explore the
timing relationship between conscious decisions and the conscious or uaasrisdiation of

actions.

2.8 Conclusions

This chapter has set out an interpretation of consciousness thbewtiplied in the rest of this
thesis. A distinction between the phenomenal and the physical e@ddaidefine consciousness
and to reject the hard problem of consciousness in favour of thprofsdem of consciousness,
which can only be addressed through work on the correlates of @osisess. This led to the
distinction between type | behaviour-neutral correlates of conswmess which cannot be
identified, and type Il correlates of consciousness, which can beasspaut through their
influence on behaviour. This chapter then outlined three type Il themfriesnsciousness and
models of conscious control and conscious will.

The approach to consciousness in this chapter will be used tdoplese new
methodology for describing the consciousness of artificial sysianShapter 4. The next
chapter summarizes some of the previous work that has been carriesh oodchine

consciousness.



