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Děkuji svému školiteli Prof. Jaroslavovi Flegrovi za cenné rady, ochotu a
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Abstract

Consciousness is part of the world, which yet resisted a scientific inquiries for an

ages. This work is mainly concerned around Neural Correlates of Consciousness

program which should uncover a nature of the consciousness. It covers wide variety

of a theoretical problems, the first part is concerned around the ambivalence of

Neural Correlates of Consciousness definition and its alternatives.

The second part asks a questions, whether the neural correlates of consciousness

is only discourse creating entity and sheds a light on the dilemma, if the right

correlations to form neural correlates of consciousness are possible. It is done on a

basis of the experimental evidence and their attempts to form Neural Correlate of

Consciousness.

In third chapter the philosophical dilemma is exposed. The dilemma arises from

conceptual decisions ”What is to be conscious”, how researchers philosophically pre-

conceptualize the scientific question. This is tried to be reconciled by unification of

the philosophical theories. Alas it is shown the unification of the theories of mind is

impossible.

From this is drawn a conclusion that the philosophical pre-conception is a ne-

cessary ingredient to form the neural correlate of consciousness. To breach from mere

a correlation to a causality is a matter of choosing testable and refutable philoso-

phical model of consciousness and use the model as narrative form to the past and

present experiments.
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Abstrakt

Vědomı́, jakožto nedı́lná součást světa, odolává už celé věky vědeckému poznánı́.

Tato práce se primárně věnuje vědeckému projektu Neurálnı́ch korelátů vědomı́. Ten

má za cı́l vědecky popsat esenci vědomı́. Zabývá se plejádou teoretických problémů,

kterým tento vědecký program čelı́. V prvnı́ části se tato práce věnuje teoretickým

problémům, jež samotná definice Neurálnı́ch korelátů vědomı́ v sobě obsahuje a jejı́m

možným alternativám.

V druhé části se tato práce zabývá otázkou, jestli program Neurálnı́ch korelátů

vědomı́ nenı́ jenom program, který obecně zavádı́ diskurz o tom, jak mluvit o vědomı́.

Taktéž ukazuje dilema, jestli je vůbec možné dosáhnout těch správných korelacı́,

abychom rozpoznali Neurálnı́ korelát vědomı́. Je představeno několik pokusů pro

ilustracı́ těchto problémů.

Třetı́ část se věnuje představenı́ a rozboru filosofického problému. Hlavnı́m pro-

blémem je identifikováno rozhodnutı́
”
Co je to být vědomý?”. Odpověd’ na tuto

otázku formuje celý design experimentu, ba i výklad empiricky naměřených výsledků.

Z této reflexe plyne snaha o sjednocenı́ hlavnı́ch vědecko-filosofických proudů studia

vědomı́. Avšak ukazuje se, že sjednocenı́ zatı́m nenı́ možné, nebot’ rozdı́ly různých

teorii vědomı́ jsou přı́liš velké.

Na základě předešlých poznatků je vyvozen závěr, že existuje nutná podmı́nka

k nalezenı́ Neurálnı́ho korelátu vědomı́. Nutná podmı́nka má povahu filosofického

rozhodnutı́, ke kterému vědecko-filosofickém pojetı́ vědomı́ se experimentálně vzta-

hujeme, abychom z naměřených korelacı́ mohli vytvořit kauzálnı́ vztah mezi neurálnı́

částı́ a vědomou zkušenostı́. Toto rozhodnutı́ by mělo být narativnı́m rámcem k

tvorbě testovatelného a vyvratitelného modelu vědomı́. Tato volba bude taktéž po-

skytovat nástroj, kterým bude možno vykládat již předešlé experimenty z jiných

modelů vědomı́ a formovat robustnı́ vědu o vědomı́.

Klı́čová slova

Vědomı́, Neurálnı́ koreláty vědomı́, NCC, Teorie vědomı́, Illusionism, Global Workspace

Theory, Attention Schema Theory
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1. Introduction

The experience of being conscious is something we all know, something we are

undergoing right now, in this very moment, reading these lines, seeing the blackness

of the font. We are experiencing consciousness everyday, yet the understanding of

the state, origins and nature of the bond between the mind and the body has been

something that philosophy, psychology and science of the brain have been struggling

with. Ranging from Galen and Descartes over Kant’s rationality to contemporary

philosophers like Chalmers, Tononi. The supposed triviality of the phenomena has

been puzzling the greatest minds for centuries.

The words “conscious” and “consciousness” are terms that cover a wide variety

of relations of mental phenomena, these terms are used in a myriad of meanings

applied to a diversified portfolio of objects: from humans, whole organisms, bacteria,

to ordinary objects.

There are many general ontological and metaphysical theories of consciousness

covering a diverse spectrum of thought. Existing super families of thought are

divided into seven branches: Higher order theories, representational theories, inter-

pretative narrative theories, cognitive theories, neural theories, quantum theories,

and nonphysical theories. Although clearly divided, these theories are not restricted

to stand alone, they can be combined. Cognitive theories like Global Work Space

work well with Neural Theories as well as with the Integrated Information Theory

by Tononi.

Cognitive systems can be defined by several phenomena (like sentience, wake-

fullness, self-awareness, self-consciousness, etc.), which are arbitrarily chosen from

a variety of criteria using different philosophical methodologies. Even though these

systems have been consistent and very well-defined throughout history, they have

always suffered with non-measurability and the subjectivity of phenomena (Car-

ruthers, 2000).

Consciousness is not only interesting for philosophical inquiries and its endless re-

conceptualization in academia. How consciousness arises in brain tissue is still a

mystery. Medical professionals working with patients under general anesthesia get

in touch with the fragility and the limits of their measurements. The realization of

the limitations of contemporary methodology arises when patients during general

anesthesia routinely become conscious. It was reported that 1-2 patients per 1000

regain awareness during surgery, and that some of them stay conscious during the
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whole process. These traumatic memories and experiences could lead to the devel-

opment of a post traumatic stress disorder (Sebel et al., 2004). These events are

possible mainly because our ability to measure consciousness levels with classical

methods such as EKG, Pulse oximetry, blood pressure monitoring or even EEG

prove to be insufficient.

There are several other medically oriented reasons why we want to know more about

consciousness. The standard state of consciousness is defined either as the state of

wakefulness, awareness, alertness, or one of the stages of sleep from which the per-

son can be readily awakened. There are several unusual states of consciousness like

clouding of consciousness, delirium, lethargy, stupor, dementia, hypersomnia, vege-

tative state, locked-in syndrome, coma, and brain death. These states are not very

well defined and their characterization is often perplexing, but they are very valu-

able in building a systematic approach in evaluating and assessing various medical

etiologies (Walker et al., 1990). Defining these pathologies would greatly improve

diagnostics and therapeutic intervention which are sometimes linked to the level of

consciousness.

The most proponent solution in contemporary research for finding out what it is

like to be conscious and what it means to have conscious perception is the Neural

Correlate of Consciousness (NCC) program. This is a reductive physicalist theory

which allows by mere correlation the emergence of Neural Correlates of Conscious-

ness (Metzinger, 2000).

The theory which reduces consciousness to physical terms of the brain has many

critics and proponents. In this work, I would like to focus on the theoretical caveats

of Chalmers’ operationalization and also on further works that developed the theory.

In a deep dive, we show some instability of the cornerstones of the main premises, as

well as some candidates which contemporary neuroscience calls possible true NCC.
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2. Neural Correlates of Consciousness

Consciousness is multi-faceted phenomena. To tackle the problem of the conscious-

ness directly, there has to be made division. Some problems ought to be solved easier

than others. It is useful to divide the problem into ”hard” and ”easy” problems.

The later are more prone to the standard scientific method approach. The ”hard”

ones are those that resisted the standard inquiry.

The ”easy” problems include the discrimination ability, the ability of access to

the own internal states, the difference between wakefulness and sleep, to focus the

attention etc. These problems are directly susceptible to the scientific explanation.

The really ”hard” problem is the problem of experience. When one think there is

myriad of a information processes but there is also a subjective aspect. When we

see a flower, experience a subjective quality of redness or a beauty.

With a recent explosion of scientific work on consciousness, incentive to build a

framework to solve the ”easy” problems of consciousness araised. The solution to

”easy” should pave a path to the solution of the ”hard” problem (Chalmers, 2000)

(p.3-7).

2.1 NCC

The main idea of Neural Correlates of Consciousness is to develop the framework to

assess consciousness as natural biological phenomena. It should provide background

to the science of consciousness. The task of the science of consciousness “is to

systematically integrate two key classes of data into a scientific framework: third-

person data, or data about behavior and brain processes, and firstperson data, or

data about subjective experience” (Chalmers, 2013).
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Classical operationalization follows traction from The Astonishing Hypothesis

by Francis Crick (Crick, 1995) and was later developed by Chalmers (Metzinger,

2000)(p.19-38).

The definition of NCC (Neural Correlate of Consciousness) :

Theorem 1 An NCC is a minimal neural system N such that there is a mapping

from states of N to states of consciousness, where a given state of N is sufficient,

under conditions C, for the corresponding state of consciousness (Metzinger, 2000).

It is further divided into Content specific NCC and Full NCC. A content NCC

is a neural representational system N such that the content of N directly correlates

with the content of consciousness (Metzinger, 2000 p.19). It is the neural correlate of

conscious experiences, like neural correlate of vision, smell, etc. Full NCC are neural

substrates which support the entirety of conscious experience irrespective of specific

contents. This is a union of all content specific neural correlates of consciousness

(Koch et al., 2016). The theoretical framework is constructed with the view that

each and every conscious percept has its own neural correlate of consciousness.

The simplicity of the definition carries a burden which has to be addressed. The

Conscious percept is a very broad term, whether it is referring to consciousness as

a joint or single phenomenal experience, e.g. percept of being human or percept

of a single white light in a black room. The first question which arises is why

only sufficiency is needed and not necessity. If we invoke necessity and sufficiency

together there are practical obstacles. Research can discover multitudes of NCC

as there could be not only one correlate of consciousness for one distinct property

- for example pain. In differentiating that we have two distinct receptors cold /

hot which, when activated, elicit pain, both of them can have a distinct neural

mechanism (Metzinger, 2000)(p.19-25). As well as we ultimately make impossible

any brain implants which could substitute neuronal matter and be capable of the

experience of consciousness. Implants of a mechanical type would disqualify the

necessity condition of the neural substrate.

The next thing, necessity a priori makes unimaginable the concept of a ma-

chine or any other processing substrate being capable of a conscious experience,

thus we rule out any conscious AI or not neurally based substrates of other types of

organisms, thus making the definition very anthropocentric. The plasticity of brain

structure is another issue which necessity cannot deal with, as it demands a specific

population of neurons to be in place (Metzinger, 2000)(p.24-25). It was reported

that when right ventral occipito-temporal cortex was removed from a child after

three years, a face and word competition over cortical space was described in the
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intact temporal lobe (Liu et al., 2018). Therefore sufficiency and necessity are too

strong and elusive of a requirement to find a NCC.

With minimal sufficiency there arise several unexpected problems. There

could be significant redundancy in the brain. Disavowing these kinds of relationships

in the brain, we can easily find that particular neuron population of 10 neurons elicits

a conscious experience (Metzinger, 2000)(p.24-25). If a lesion is made on one of the

neurons, the patient would still signal that he has a conscious percept (Rees et al.,

2000).

There are obvious problems which the definition has no account for, such as

differentiating between content specific Neural Correlate Consciousness and other

neural processes. Those factors that modulate conscious experience we call back-

ground conditions. Background conditions are processes like blood flow, oxygen as

well as modulatory pharmacological systems like cholinergic or serotonergic path-

ways. They are necessary for consciousness, but they do not contribute to form

phenomena. Background conditions include also the thalamocortical pathway and

the anterior forebrain mesocircut, as they form wiring in the brain and, allowing the

connection thus, only indirectly contribute to consciousness (Metzinger, 2000)(p.19-

20).

To take the operationalization literally - it only accounts for the capability of

conscious experience. We only determine whether a system is capable of conscious

percept e.g. pain which may lead to problems with the applicability of the research

in medical settings. In an anesthetized patient, we need to know whether the subject

feels e.g. pain, not whether he is capable of the experience of pain. These shortcom-

ings can be easily fixed by including neural processes in the NCC themselves (Fink,

2016).
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2.2 Alternatives to the classical approach

Content Specific Neural Correlate of Consciousness

Content specific NCC are neuronal population and neuronal clusters which deter-

mine specific phenomenal experience by stimulating the neuronal clusters - for ex-

ample transcranial magnetic stimulation, or optogentecis. We should be able to

achieve phenomenal experience as we get by presenting the cue. The most obvi-

ous choice would be contrastive analysis, but it has been shown that it does not

lead to specificity of neuronal process thus revealing direct connection to subjective

experience (Aru et al., 2012). There have to be made several distinctions in the

identification of true NCC. There are systems that can be identified as NCC but

serve only as ignition or aftereffects to true NCC. Those are called NCC-pr and

NCC-co respectively.

NCC-pr are part of an experimental setup when distinguishing if the target is

conscious or non-conscious respectively, yet they are not true NCC (Aru et al.,

2009). There are many types of NCC-pr including working memory, adaptation,

and stimulus expectation. They can be nor sufficient, nor necessary for conscious

experience but also can be necessary for activating true NCC (Aru et al., 2012). The

distinction can be obtained by for example traditional contrastive analysis, such as

binocular rivalry. It has been shown that it is caused by the reciprocal inhibition of

neuronal population, thus making it NCC-pr. NCC-co processes that are products

of conscious perception appear as conscious after effects, thus not sufficient to form

whole NCC. In the medial temporal lobe, there were found neurons to respond in

binary fashion and according to subjective report of the patient (Quiroga et al.,

2008).

The conscious and non-conscious experience could be determined solely on the

activity of these populations. Nevertheless, damage or resection to the medial tem-

poral lobe system does not affect moment-to-moment conscious perception. Subjects

only lose the formation of memory, thus their subjective experience stays, but the

memory of it does not (Postle, 2016). Distilling true NCC could pose a challenge, as

NCC-pr could be activated during the whole conscious process. Lack of knowledge

to characterize duration and its temporality is another obstacle (Aru et al., 2012).

With igniting effects we have account for aftereffects of the NCC. We can describe

them formally as aftereffects of conscious perception (NCC-co), so it is plausible to

elicit NCC without turning on NCC-co. It has been proposed that determining

NCC-co from true NCC is not as straightforward as it may seem. The NCC-co
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can be present in the time window necessary to measure true NCC, thus making

in harder to distinguish them. With the intricate nature of the true NCC and its

division into sub-parts adds new complexities in experimental design in finding true

NCC and resolving some longstanding disputes, like whether the vision perception

happens early or late, or others (Aru et al., 2012).

2.3 NCC 2.0

With the underlying issues of general operationalization like neural redundancy

and neural plasticity as well as with brain implants, prostheses, and artificial and

non neuron-based conscious experience. It creates incentive for the redefinition of

the Neural Correlate of Consciousness. The main focus will be on one attempt

to resolve this dilemma proposed by Fink. Along with forming a new system of

operationalization to solve the majority of the key problems (Fink, 2016).

Fink identifies several issues, which he is trying to reflect on with a new opera-

tionalization. Chalmers describes NCC as a neural system which according to Fink

is not reflecting any of its states. To illustrate, a dishwasher exists but it can be

turned on and off or be in an ’ecology’ mode and the systems exist independently

on any of its states - so the classical approach is not measuring consciousness but

the capability of the consciousness. Going further, systems can have states which

they never reach - the dishwasher from our example has an option for a prolonged

cycle which we never use (Fink, 2016 and Chalmers, 2000).

Secondly, the sufficiency constraint of the NCC has been criticised as it cannot

rule out experience based on neural evidence. If A is sufficient for B, then it is

impossible to rule out B when A is absent. If we attribute non-occurrence of B due

to the absence of A, it would be a fallacy of the inverse, that arguments of this form

do not give good reason to establish their conclusions, even if their premises are true.

If we model this example on anesthetized patients or organisms, using Chalmers’

operationalization, we can never rule out the experience of pain because we will

never be in a state where we know all the minimally sufficient neural states for for

example pain. There would some state ne which we fall to detect. In order to rule

out certain experience we would need to know what is necessary for the experience

of pain and that goes against the mere-sufficiency constraints. As we cannot rule out

any experience, the applicability of the NCC research is very limited (Fink, 2016)

Thirdly, it has been shown that the real usage of operationalization is very dif-

ferent and implies that it is used only as a discourse-making entity. The term is

used indifferently to its definition as many scientist use it not in a strict sense as
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they distinguish between ”NCC proper” and ”the NCC” (Lamme et al., 2000). For

example, for Ned Block there is only one NCC for visual phenomenality, where he

argues that two types of NCC exist; one phenomenal and the other called the access

NCC (Block, 2005). It has been pointed out that the operationalization differs from

the common conception of the NCC and there is pressure from the usage for unique-

ness which the mere-sufficiency of the classical operationalization does not allow. It

counts on multiplicity to accommodate the need for uniqueness while there is need

for necessity condition (Fink, 2016).

The final objection of the Chalmers definition shifts attention to methodological

constraints. For any scientific field there is desideratum for comparative testing.

If we are given data we should be able to find the best supported hypothesis and

rule out other competing hypotheses. This very valuable approach does not support

classical operationalization so it can be argued that an experimentum crucis is a

very valuable methodological tool for NCC-research which can help find out the

nature of consciousness.

Regarding the four main issues of the classical approach which he identified

earlier, solving these issues with a new system focused on mere-sufficiency of the

phenomenal tokens and on the necessity of neuronal phenomenal types would solve

the main dilemmas which NCC research suffers (Fink, 2016).

So the new definition is as follows :

Theorem 2 ”An NCC 2.0 of phenomenal type P is type of neural event or process

N such that there is mapping, where (i) each neural token ”ni” of N is minimally

sufficient for phenomenal token ”pi” of P and (ii) where all and only neural tokens

of N instantiate a feature-bundle F such that F is naturally necessary condition for

being an NCC of P

(Fink, 2016).

Distinguishing between ”token-correlates” and ”type-correlates” characterization

allows us to combine mere-sufficiency and minimality.The distinction of tokens on

events, not systems share a similarity - the classical definition of NCC (Metzinger,

2000) - these neural events include minimality and sufficiency but do not strictly

demand it for an experience. The types give us opportunity to dismiss the mere-

sufficiency and minimality constraints which follows from the addition of a naturally

necessary condition trivially (Fink, 2016).

The operationalization provides leverage for non-neuronal or co-joining of

tokens+x which are sufficient for forming experience. Another convenient side of

the NCC 2.0, the necessity of the feature-bundle F for some neural event, allow

us to rule out organisms which do not provide the necessary condition to form
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experience, this way we can demarcate the field of phenomenal objects which the

organism can perceive. Also the operationalization with feature-bundle F that all

and only token-NCCs share, provide a natural and unique set of tokens.Still there

are some underlying issues which cannot be solved by new operationalization which

is limited by how experiments are conducted; we cannot discern an experience which

the organism never experienced (Fink, 2016).

Although the convenience of the system is clear, still operationalization con-

tains ontological metaphysical commitment. Commitment comes with the burden

that neural events that form experience share patterns which differentiate them from

all other events that do not. In order for NCC 2.0 to exist, there has to be some kind

of bijective mapping, one-to-one-type-type-mapping between neuronal and phenom-

enal, which Fink sees as very likely. Yet, there is space to doubt whether bijective

mapping exists.

There is possibility of bijective mapping but the overall structure of neuronal

network would be so complex that it would be epistemically impenetrable, yet this

overlaying structure is giving us the opportunity to make causal claims about con-

sciousness and the substrate carrying the information, neural population. Lastly,

the operationalization commits to dismissing anything that is not any one-to-one-

type-type-mapping. There are conceptions which say that consciousness is extended,

enactive, embodied, or embedded, as they have no neural basis and there is no neu-

ral type corresponding to the phenomenal type which the definition has no account

for (Fink, 2016).

This new operationalization tries to solve certain issues which have been men-

tioned earlier, like experiment crucis, uniqueness, or others - but nevertheless, the

new definition is commitment to certain philosophical system and how we look at

consciousness. He is basing this on the view that the most ”likely” candidates for

solving the consciousness issue are Global Work Space Theory or Integrated Infor-

mation Theory. Fink did not provide any defense whatsoever of the view why there

has to be bijective mapping, why even phenomenal events exist, as some philosophi-

cal theories deny phenomenality. Although it solves some issues, it does not provide

an answer to eliminative materialist, quantum theoretics, material panpsychist, ma-

terial reductionist or any Higher order theories.
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3. Methodology

Despite the ambivalence in definition of the Neural Correlate of Consciousness, em-

pirical measurement could provide us with a lead how to solve consciousness and at

the same time explore what is the role of NCC in neuroscience.

We will be concerned mainly with visual perception as it is the most researched

topic that has been puzzling scientists and philosophers alike for decades and illus-

trates the methodological approaches of the NCC-research very well. Since vision is

a dominant sensory modality for humans, many studies have been focused on eluci-

dating the neural substrates of normal and impaired conscious visual perception.

Dissociative paradigm

The dissociative paradigm is one of division between conscious phenomena and cog-

nitive function. It is not an unusual view in contemporary neurobiological theories.

One of them is Theory of Local Recurrency. It is the most famous theory that pushes

forward partitioning between experience and function, supported by (Lamme, 2003;

Lamme, 2006 and Block, 2005).

The approach of this theory embraces the view that visual information is pro-

cessed in the cortex at the beginning with feedforward sweep in which depictions of

colour, motion and form are shaped (Lamme, 2000). According to this conception,

the images can be very accurate but without conscious experience. Sustained recur-

rent processing between visual areas is necessary for the genesis of an experience.

Alas the experience that is co-joint with recurrent processing is independent of all

cognitive functions, especially attention (Lamme, 2003). It is explicitly stated that

the recurrence of the feedforward sweep is the neural correlate of the phenomenal

consciousness (Block, 1995). The conception counts that modalities like working

memory or language production are made via extension of recurrent processing which

extends into frontal cortices and works with higher-level function. Other dissociative

paradigm theories include the Microconsciousness (Zeki, 2003) and the Coalition of

neurons (F. Crick et al., 2003). Each of these theories has its strengths and some

possibility of realization but they all share conscious states which an individual does

not realize.
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3.1 Sperling’s Partial Paradigm

One of the most cited experiments in the visual system is Sperling’s partial report

paradigm. Participants have to, after brief exposure of 9-12 letters, recall as many

as they can. Patients can only recall a limited number of the items (Sperling, 1960).

Nevertheless if cued, patients can recall the entire subset of the symbols and if we

subscribe to the dissociative paradigm, the results show that we can consciously

access only a few symbols, yet we are conscious of them all (Lamme, 2003).

This partial report is deemed to be crucial to the dissociative paradigm, where on

the one hand we have experience and on the other function. These experiments can

be explained without division between rich and access consciousness (Kouider, 2010).

For the non-dissociative view’s proposes, the identities are stored unconsciously until

cued to resurface them to conscious attention. It is said we are only conscious of a

few letters and then the cue provides access to unconscious representation before it

vanishes (Cohen et al., 2011).

The dissociative discourse counters this interpretation with the idea that the

patients had experience without access, meaning the patients themselves cannot

voluntarily reflect all the experience they consciously perceived in the experiment

setting. The two way interpretation is troubling in deciding what consciousness is

and there is no way we can solve this dilemma.

3.2 Binocular Rivalry

Binocular rivalry is one of the very famous experiments in the study of NCC of

vision. The main idea of Binocular rivalry is competition for perceptual dominance,

producing one’s phenomena oscillating between two stimuli in perceptual awareness.

Phenomena occur when two dissimilar stimuli are displayed to corresponding retinal

locations of the two eyes. Subjects then perceive in physically stable stimulation,

alternation in conscious perception separately. Binocular rivalry can be performed

on monkeys. Monkeys can signal when they perceive one or the other stimulus.

Experimental monkey setup can yield a comparison study wherein we can asses

neuronal activation if monkeys were conscious or unconscious of the same stimulus.

Primary visual cortex (V1) did not differ significantly between two scenarios, sug-

gesting hypothesis that the V1 is not necessary for specific NCC. In higher parts of

the visual pathway the activation of the inferior temporal cortex was correlated with

visual phenomena of the stimulus. This opened a path between correlating specific

parts of the brain to specific visual contents (Logothetis, 1998b).
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This is how strong correlation in the ”fusiform face area” was found - a place

where is the strong correlation between consciously perceiving face and activation

of the certain brain location (Kanwisher et al., 2006). The position of the area is in

the ventral processing stream of the temporal lobe on the lateral part of the fusiform

gyrus. The necessity of the structure is supported by a case where a patient with

damaged right fusiform face area has impaired facial configuration recognition. The

cognitive deficit significantly manifested when attention had to be distributed to

many features of the face (Barton et al., 2002). There is also an analogue structure

of the fusiform area in the monkey’s brain, called the ”middle face patch”. Three of

these patches were found using fMRI and single neuron recordings in these patches,

whose activation depended selectively on face-stimuli (Tsao et al., 2006).

Summarizing evidence together, there is a view that the brain may contain dozens

of such special-purpose modules like the fusiform face area. An impressive amount of

resources suggest that the fusiform face area is a neural correlate of face recognition

and perception. Nevertheless, there is not enough evidence to claim that the fusiform

face area is in itself sufficient for recognition of the face, even though we can claim

that the fusiform area is necessary for conscious percept.

Global Workspace Theory

This research exposes the main dilemma. Crossing the chasm between empirical

evidence to theory of consciousness as it needs to be preceded by conceptual clar-

ification under examination. To determine ones consciousness and if something is

a neural correlate of consciousness, i.e face, there has to be epistemological concep-

tualization of what we can account as evidence, which is aligned with phenomenal

facts and neurobiological data. Taking Chalmers’ operationalization seriously about

first-person data acquisition, where one of the most straightforward paths should be

reports of the subjects verbally or non-verbally, granting them epistemic access to

all consciousness (Chalmers, 2013).

This methodology has two problematic parts; firstly, it is noted that we have

full access and can report what subjects experience. The second one is confounding

NCC with other cognitive phenomena, like working memory and attention.

We will proceed with illuminating these methodological dilemmas with the Global

Workspace theory, which is a neurobiological theory of how consciousness should

work like network. It is mainly concerned with the functionality of neuronal net-

work. Consciousness is the manifestation of the global availability of the information

within the cortices, the function should share all the qualities of the higher cognitive

function.
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There is massive computation undergoing in the brain, distributed in the entirety

of the brain, therefore not limited by anatomy. Due to the given capacity limits of

the architecture of the brain-network, only a fraction of what is computed at any

time can be consciously experienced. The theory goes further, with explaining that

the global network is compromised of giant pyramidal cells which connect the parts

of the brain and crisscross many areas at once.

Thee bursts of high level activation are viewed as necessary for conscious ex-

perience. Once it ignites, processed information is then given attention, which is

consciously experienced. From the myriads of computations, the ones that we give

attention to, according to GWT, are the computations which produce phenomena

(Dehaene et al., 2006; Baars, 2007 and Dehaene, 2014b).

Even though Global Workspace Theory is clear in its view of the neurobiological

functionality of a network, the proponents of GWT still struggle with conceptual

framing of consciousness. Consciousness should be dissolved into laboratory phe-

nomena as it denotes many phenomena. It is necessary to narrow the subject of

consciousness to a definite point which can be tested and falsified. In deciding what

is conscious, GWT proponents state that attention plays the key role in what is

conscious to the subject.

Attention provides amplification, which should lead to a high level of activation

and produce consciousness. The bottom-up stimulus and top-down activation are

together necessary for conscious percept, but they might not be sufficient to cross

threshold. All the capacity to be conscious is tied to the capacity of attention.

The limits of attention demarcate consciousness perception, therefore all subjects

outside of focused attention are labeled unconscious or preconscious. The next step

in researching consciousness according to GWT is to take subjective reports on the

trial to trial basis as a necessary part of research of consciousness (Dehaene et al.,

2006(p.206-207) and Dehaene, 2014a).

Dissociative Argument

Relying on attention and subjective trial-to-trial reports is viewed as a bold claim,

as there is not compelling evidence to hold that position (Schlicht, 2018). One of

the main criticisms is from the dissociative spectrum of thought. The main objec-

tion is that reduction of phenomenal percept on cognitive notion is not enough and

that consciousness is phenomenally more richer and vivid. Consciousness overflows

access, meaning that we perceive more than we are able to cognitively access. At-

tention and cognitive access are not necessary conditions to be met for phenomenal

experience (Block, 2011).
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This is demonstrated on Sperling’s Partial Paradigm (Sperling, 1960). This

naturally leads to phenomena where subjects consciously perceive an object and do

not know about it. Another piece of evidence are the patients with visuo-spatial

extinction, when stimulus is presented to the left (right respectively) visual area.

The subject can identify the object, but when we introduce new stimulus to the

other visual field, patients then report only the object on the right, while insisting

that they do not see the object on left. Although objects are not consciously seen,

they exert implicit effect on patients behaviour (Rees et al., 2000).

The binocular rivalry was performed on such patients and in two fMRI-studies(fMRI

= functional magnetic resonance imaging) where subjects had competing stimulus

on right while face stimulus was presented on the left, the subject did not report

seeing the face. It was reported that the fusiform face area as an alleged neural

correlate of face perception was highly activated, almost the same as when subject

reported seeing the face. Activation was measured in the right hemisphere (Driver

et al., 2001).

Given the evidence, there is serious doubt whether subjects can provide epistemic

judgment of consciously perceiving object Y. We cannot determine if Y representa-

tion is phenomenally conscious in a dissociative sense and cognitively inaccessible,

or if it is simply unconscious in a functionalist Global Workspace Theory sense. This

controversy leads to the realization that conceptual ties between attention, cogni-

tive access, and consciousness are contradictory, and in order to determine the issue

empirically, we have to deny subject reported evidence and create methodologies

which are independent of the report paradigm (Cohen et al., 2011).

3.3 No-report paradigm

In spite of here presented dilemmas, researches proceeded to invent a new strategy

on how to resolve the issue. Several conceptual decisions were made to determine

phenomenal experience. One of the key decisions was withdrawing reliability of

the self conscious reports, instead relying on other behavioural, mostly automatic,

measures.

The main component of no-report methodical approach is to rely on physiolog-

ical measures, such as eye movements or pupil size, which can be manipulated by

instructions or subtle stimulus change as pulvinar neurons in the thalamus reflect

perceptual awareness but those in the lateral geniculate nucleus does not (Wilke

et al., 2009; Frässle et al., 2014 and Pitts et al., 2014). Researchers hope these new

techniques will be a fruitful endeavor for studying neural correlates of perception and
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help resolve some ambiguity in conscious and non-conscious perception (Tsuchiya

et al., 2015).

One of the research experiments focuses on the incidence of high correlation

of certain eye movements and conscious reports, these were measured during the

perceptual dominance during a binocular rivalry experiment. Modulating conscious

percept with the usage of two automatic reflexes: optokinetic nystagmus (OKN)

and the pupil reflex which is believed to be a reliable objective approximation to

the conscious perception (Frässle et al., 2014).

Optokinetic nystagmus is made up of two phases. The first phase, called the

slow phase, where eye follows the stimulus and the fast phase, wherein the eye re-

orients quickly to the flip-side direction. Unawareness and high correlation with

percept rather than stimulus gives confidence to the researches that both nystag-

mus and pupil reflex can predict the current perceptual state of the subjects at any

pre-selected time point. This was used according to (Frässle et al., 2014) to dis-

criminate between the effects of binocular rivalry and those of active report. The

activation pattern of was superficially same to report condition but the intensity of

the signal was reduced and the usual frontal activation was greatly missing (Frässle

et al., 2014). It was concluded that the frontal activation was to due to the active

report part of the experiment where subject was introspecting, or accessing their

phenomena (Dehaene et al., 2006).

When methodological approaches using the no-report paradigm are used, there is

a problematic part where all neural processes can be included within the NCC. The

entanglement of the unconscious and conscious processing together with directed

action, introspective acts, and meta cognitive actions is not clearly solved but this

possibility is acknowledged in (Tsuchiya et al., 2015). There is risk that subjects

can be self-monitoring, thinking all the time to some extent. Another obstacle to

the no-report paradigm with the finding of NCC-proper is confounding the NCC-

proper with NCC-post like attention or cognitive access or NCC-pr like unconscious

preprocessing and NCC ignitor. These methodological obstacles would prevent the

no-report paradigm from achieving an empirical approach to consciousness, as it

promised (Schlicht, 2018).

3.4 Neural redefinition

Secondly, we can approach with rejecting the traditional description of conscious-

ness in favour of neural redefinition. There is a number of other neurobiological

candidates like 40H-hertz-oscillations in the cerebral cortex, intralaminar nuclei in
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the thalamus, reentrant loops in the thalamocortical systems, 40-hertz rhythmic

activity in thalamocortical systems, extended reticular-thalamic activation system,

neural assemblies bound by NMDA, certain neurochemical levels of activation and

many more (p.17)(Metzinger, 2000).

If we define consciousness by neural correlate, say recurrent processing, the con-

sciousness would be determined whether recurrent processing is present or not. This

methodological approach is irrespective of subjects’ reports and epistemic judgement

is given to neurophysiological evidence, as the scientist will decide whether the sub-

ject is conscious or not (Lamme, 2006).

The main advantage of neural redefinition is allegedly the increase of our fun-

damental understanding of consciousness. Secondly, it will supposedly resolve the

entanglement of cognitive access, attention and other cognitive functions via disso-

ciating their neural bases.

This goes against Global Workspace Theory proponents. They argue that there

are pre-conscious categories which cannot be empirically answered, because it con-

sists of phenomenally conscious aspects which cannot be reported, like Sperling’s

partial paradigm (Schlicht, 2018 and Sperling, 1960). Redefinition seems to be very

counter-intuitive because consciousness is often synonymous with the private world

and private access, whereas the neural redefinition is in risk of erasing the valid-

ity of personal phenomenological experience if one’s phenomenological experience is

without recurrent activation. On the other hand, there can be processes which are

strongly recurrently activated and unattended and marked consciously experienced,

which in the Global Workspace Theory would be unconscious (Lamme, 2006).

Although neural redefinition with recurrent processing is a compelling strategy,

has its own clear problems as it is only ”closely associated with” or ”highly relevant”

(Lamme, 2006)(p.500) for consciousness and not identical. Approximations and not

compelling evidence why the recurrent processing is the best candidate does not

yield understanding of what consciousness is. Also deciding now that neurobiological

background of NCC in favour of recurrent processing would disqualify other possible

NCC. The same goes for other neural theories, redefining according to the neural

substrate leaves an explanatory gap in how consciousness arises and why this kind

of processing will form conscious experience (Schlicht, 2018).

3.5 Dilemma

In spite of given evidence, the dilemma is mainly created due to disagreements on

conceptual levels between researchers themselves and philosophers on various cog-
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nitive phenomena like cognitive access, report, and attention. Conceptual decisions

between conscious experience and neural processes will change one’s empirical evi-

dence and correlations.

Depending on the conceptual stance, it will always be present in empirical ap-

proach. Scientists will obtain different NCC based on their preconceptions of which

of the various cognitive phenomena represents consciousness. Therefore conscious-

ness cannot be explained by neuroscience alone, as long as there is no theoretical

clarification for different phenomena. We are always in danger of overestimating

some processes, for example in report paradigms, the cognition (Schlicht, 2018).
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4. Theory of Consciousness

If we look on the question: ”Is primary visual cortex necessary for visual awareness?”

(Silvanto, 2014). There is a multitude of ways how to answer this question and build

around the scientific method. We can translate it into some qualitative or Cartesian

Theatre framework,

where the consciousness emerges in form of some little theater where homunculus

observes and gives an orders (Dennett et al., 1993)(p.107), or the experience of colour

richness. To which we can indeed say it is philosophical commitment to some non-

functionalist theory of the consciousness, but unspecified, which in this view on the

consciousness is nonsensical.

4.1 Unification of the Consciousness Theories

Knowing the conceptual obstacles there was a recent attempt of reconciliation in

the theories of consciousness. Their main target is unification between Illusionism,

Global workspace Theory, and Higher Order Thought. Arguing that there was a

single fully coherent theory of consciousness for some time which encompassed all

the contemporary relevant theories of consciousness, their view is that the confusion

arises from terminological differences and rivalry between theories.

Consciousness as a word has numerous meanings, so they make a clear distinc-

tion between two types of consciousness; the first one is i-consciousness which should

control how the brain selects, processes, accesses, and enhances information, which

should operate mechanically in us. The next one is a m-consciousness which rep-

resents mysterious properties, such as feelings: subjective feelings and qualitative

feelings. Later they argue, even though we all phenomenally can experience these.

Belief in non-materialistic part of the consciousness is in fact a component of the

physically false beliefs about the mind deeply rooted in evolutionary history and

the origin of our species. Science has rejected these false beliefs but a cluster of

ideas is a part of folk-psychological theory, thus still relevant today. In explaining

qualia, subjective experience arises from internal information. Information selection

and processing of i-consciousness create our inner universe and subjective experience

which they call m-consciousness (Graziano et al., 2019).

Their main model is constructed around AST - Attention Schema Theory, which

describes consciousness as an information processor of models where cognition has
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partial access to internal models and we report the fragments of internal processing.

There is a selection mechanism which can focus on a specific subset of signals, thus

attention, and in addition the brain can create a representation or an internal model

of attention that makes predictions, which is called body schema (Graziano et al.,

2015). Attention Schema model should provide common ground for the Global

Workspace Theory, where it is said that Global Workspace Theory similarly deals

with attention mechanisms (Dehaene et al., 2006).

Graziano and colleagues point out that the Global Workspace theory lacks tran-

sition between functional processing and subjective phenomenal experience. At-

tention Schema Theory can supplement that with body schema, which provides

background for the transition from i-consciousness(Global Workspace Theory) to

m-consciousness. The link between Higher Order Thought theories of consciousness

which usually describe ”what experience is like” disentangle with equality of Higher

Order Thought (Rosenthal, 2005), like a type of m-consciousness and body schema.

A conclusion is drawn although the theories seem different from each other, Atten-

tion Schema Theory is a natural connection parameter which connects these theories

on a deeper level and shows that their differences are only superficial (Graziano et

al., 2019).

But this compelling strategy aimed too high, according to Frankish (Frankish,

2020). There is significant misunderstanding of the Higher Order Thought theory,

as their main aim is explanation of what experience is like, the phenomenal feel.

The Higher Order Thought theory seeks to explain, according to Graziano, the

notation m-consciousness itself. The theory does not treat subjective experience as

a relic of the ancient ”mental life” conception. This significant misconception blocks

the unification of the main prominent theories in discourse. Although the authors

did not succeed in the unification, they made a strong case for consciousness as an

emergent property of i-consciousness, which could be called illusion (Graziano et al.,

2019; Frankish, 2020).

4.1.1 Illusionism

With shared similarity with the Attention Schema Theory, Illusionism is an encom-

passing view and an idea of how to treat conscious experience (Graziano et al.,

2015). In the illusionist view, consciousness is not dependent on material constitu-

tion and internal structure but is dependent on the function of the systems. The role

of the substrate is entirely irrelevant, whether constituents are the brain only, the

brain and muscles, a computer, or dust particles in space. If we made a functional

artificial being, we would call it a human being, rejecting any duality between the
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mind and the brain as functional constituents.

Consciousness is treated like a user friendly illusion. Illusionism denies any phe-

nomenological experience like the redness of an apple, the ”what it’s like” feeling

and quality of experience. Humans do not have any epistemic access to mind which

can be error-less (Dennett et al., 1993)(p.365).

We are only introspectively partially aware of our sensorics and that what we

perceive is misleading. The distortion and incompleteness allow us to have phe-

nomenal experience thus rendering obsolete all the qualitative and ”what it’s like”

properties, whether exterior or interior (Frankish, 2016). Are we inherently philo-

sophical zombies, as David Chalmers puts it (Chalmers, 1996)? Technically yes, we

are slaves in a functionality sense. Zombies are presented with no inner life and with

blindsighted experience that is not true. An illusionist would only say that there

is no necessity of phenomenal consciousness. We only need an illusion which will

allow introspective self-awareness, where it then creates a rich phenomenology. This

makes illusionism a very potent view which permits phenomenological richness of

the world and allows natural sciences progress on testable hypotheses. Essentially

illusionism replaces Chalmers’ hard problem with illusion (Frankish, 2016). Hard

problem is the problem of how experience arises. We not only process information

but there is the subjective aspect one feels (Chalmers, 2000))(200–219p). Illusion-

ism reduces the problem to one which can be empirically testable by neuroscience

and neuropsychology (Frankish, 2016).

The consciousness as a whole works like a graphic user interface with icons and

the mouse etc., allowing us to control our machine with limited access. Multiple non-

conscious functional regions manifest themselves, like intuitions and judgements.

This is what is called the Multiple draft model. According to this model, dispersed

cognitive representations continually produce content in a parallel fashion and the

conscious is that which has the most impact on the system. This conception di-

vides the brain into multiple subsystems which provide their resources to produce a

complex illusion which we call consciousness. Pain in an illusionist view would be

explained as a multitude of complex processes characterized functionally with a pro-

cess of nociceptive body functions which form a collage of cognitive, motivational,

emotional, and other psychological effects, including reactive process as aversion and

distress (Frankish, 2019).
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When we look at consciousness as an user-friendly illusion, some etiologies make

much more sense, for example the phantom limb, where up to 80 percent of amputees

have sensations or pain in a limb that does not exist (Flor, 2002), where illusion

persists but the limb does not. If we stick with the pain example and define it

properly, there is a widely used definition of pain as ”an unpleasant sensory and

emotional experience associated with actual or potential tissue damage, or described

in terms of such damage” (Editorial, 1979). There are multiple sensations such as

itching, sadness, which will fall under the definition of pain. These pain examples

which we all can agree on, are not actual pain, making it a non-satisfying concept

and mere linguistic confusion by folk psychology.

One of the well known examples of illusions our consciousness makes are the

Kanisza triangles (Thomson et al., 2017a) or the Troxler effect (Thomson et al.,

2017b).

Figure v. 1: Kanisza triangles: white trian-

gle is clearly seen even though it is not there

Figure v. 2: Troxler effect: Focusing on cross

turns the violet parts of the cat invisible. Only

eyes and teeth stay visible.
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Moving forward

We described what is one view of consciousness and why it fits to the conception

of consciousness. Now we will look at how it shapes contemporary research of

the NCC. There is ongoing dispute whether the V-1 in the visual cortex has a

direct or indirect role in making conscious perception. There are several scientific

additions to the debate like activity, V1 neurons do not produce a corresponding

visual phenomena (Jiang et al., 2007). Also in a masked stimulus experiment we can

extract orientation from participants’ V1 haemodynamic activity, while stimulus is

presented (Haynes, 2005). The next bit of evidence was made with recordings of a

single neuron in monkeys V1 which proved to be linked rather with physical stimulus

than the percept, and on the other hand, where activity of the neurons stratified

higher in a visual system correlated with percept rather than stimulus (Logothetis,

1998a and Leopold et al., 1999). Several fMRI studies contradict this statement

by saying that activity in the V1 visual cortex correlates with the perception in

binocular rivalry (Lee et al., 2005 and Polonsky et al., 2000) also, using another

fMRI study with patterning classification and decoding was discovered that the

information of two oriented gratings from V1 were held in working memory (Harrison

et al., 2009). Participants with a lesion in V1 which leads to subjective blindness

in forced-choice task perform above chance as they report not seeing the item. The

etiology is called unconscious vision or blindsight (Weiskrantz, 1996).

The evidence points that there is good case for either of them. The next obvious

question is on what criteria we should decide where the causality emerges. If we

use our chosen view on the consciousness of mind, some things become more clear.

If we say conscious vision is just an illusion and there is no single thing we could

call vision, but rather sub-systems. Sub-systems are working in parallel and each

functioning system adding their information to form an illusion is what we call

vision. The dispute whether the primary visual cortex is a part of conscious vision

is rather meaningless. There are many systems also higher visual cortices like blobs

or visual mappings of in V2 which work together in extracting physical phenomena

and translating to systems to inform us on our ecological dispositions (Frankish,

2016).
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5. Conclusion

In the exploration of the intrinsically complex nature of the NCC and its ambivalence

of meaning in the contemporary neuroscientific context. Creates obstacles in moving

forward what NCC actually is, depending on the conception or a different research

program, NCC can mean different things. There are numerous masks of NCC like

NCC, NCC-co, NCC-pr, content specific NCC, NCC proper and NCC 2.0 (Postle,

2016; Aru et al., 2012 and Fink, 2016). These constructs reflect the inability of

the classical approach to determine whether a certain brain structure is a Neural

Correlate of Consciousness.

Later it is explored whether Chalmers’ ambitious goal can be fulfilled. Method-

ologies acquiring third person data, data about behaviour and brain processes, first

person data, data about subjective experience (Chalmers, 2013). The first person

data acquisition in our example Sperling partial paradigm did not yield conclusive

evidence. The Sperling partial paradigm can be interpreted within various frame-

works without a definitive answer (Sperling, 1960 and Cohen et al., 2011). The

inconclusiveness of the empirical data was exposed on various other vision-related

experiments. The main obstacle was deemed to be related to the conception of con-

sciousness. The non-stable paradigm on whether consciousness contains cognitive

access or attention yield different results of NCC (Schlicht, 2018).

Identifying these ambiguities in empirical endeavors, the main problem sees

Graziano in the different conception of consciousness (Graziano et al., 2019). The

union of all of the main neuroscientific branches with Attention Schema Theory is

proposed (Graziano et al., 2015). The theory divides consciousness to i-consciousness

and m-consciousness which together should form consciousness as a whole (Graziano

et al., 2019). They attempt to categorise m-consciousness(qualitative) theories as

remnant of the past. This is a major problem according to (Frankish, 2020). This

differentiation would not satisfy the Higher Order Theory proponents, as they deem

quality as the main component of consciousness (Graziano et al., 2019).

This three part text discusses the main problem of contemporary scientific re-

search of consciousness. The very distinct problematic component of major NCC

endeavors are the preconceptions of the word ”consciousness”, what states are part

of the phenomena and what are not. The carriers of the meaning what it is to be

conscious are the philosophical theories of the mind. Due to no clear commitment

to one philosophical view of consciousness, the science of consciousness cannot move
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from mere correlation to causation - there can be always for example a strong or

weak dualist objection.

The path to the general view on consciousness endeavour seems like a mystery.

Instead of searching for the ultimate philosophical explanation of consciousness,

scientists should choose one of the philosophical conceptions of mind and build

research framework around it. Given specifics of their philosophical framework, sci-

entists should rebuild a form of a new Neural Correlate of Consciousness definition.

The definition should follow example of Fink’s NCC 2.0, whose attempt identi-

fies crucial points like experimentum crucis and uniqueness. Crucial differences in

this approach are the built-in conception of consciousness, whereas Fink’s NCC 2.0

program is based on illusory independency (Fink, 2016). Within the framework,

scientists can explore the consistency of the ideas and use philosophical view as a

narrative agent to incorporate other neuroscientific experiments, like was done on

Sperling’s partial paradigm (Cohen et al., 2011). Even a failed attempt could dis-

qualify a certain conception of mind and thus move closer to the right theoretical

frameworks. The proposed approach can be a powerful tool to move from correlation

to causal processes in search for the true nature of consciousness.

24



Bibliography

Aru, J. and T. Bachmann (2009). Occipital EEG correlates of conscious awareness when subjective

target shine-through and effective visual masking are compared: bifocal early increase in gamma

power and speed-up of P1. en. 1271. doi: https://doi.org/10.1016/j.brainres.2008.12.

085..

Aru, J., T. Bachmann, W. Singer, and L. Melloni (2012). Distilling the neural correlates of con-

sciousness, 2. doi: https://doi.org/10.1016/j.neubiorev.2011.12.003.

Baars, B. (2007). The global workspace theory of consciousness, pp. 236–246. isbn: 9780470751466.

doi: 10.1002/9780470751466.ch19.

Barton, J.J.S., D. Z. Press, J.P. Keenan, and M. O’Connor (2002). Lesions of the fusiform face

area impair perception of facial configuration in prosopagnosia. Neurology 58.1, pp. 71–78. doi:

10.1212/WNL.58.1.71.

Block, N. (1995). On a confusion about a function of consciousness. Behavioral and Brain Sciences

18. doi: 10.1017/S0140525X00038188.

— (2005). Two neural correlates of consciousness. Trends in Cognitive Sciences 9.2, pp. 46–52.

issn: 1364-6613. doi: https://doi.org/10.1016/j.tics.2004.12.006.

— (2011). Perceptual consciousness overflows cognitive access. Trends in Cognitive Sciences 15,

pp. 567–75. doi: 10.1016/j.tics.2011.11.001.

Carruthers, P. (2000). Phenomenal consciousness: a naturalistic theory. Cambridge University

Press.

Cohen, M. A. and D. C. Dennett (2011). Consciousness cannot be separated from function. Trends

in Cognitive Sciences 15.8, pp. 358–364. issn: 1364-6613. doi: https://doi.org/10.1016/j.

tics.2011.06.008.

Crick, F (1995). The astonishing hypothesis: the scientific search for the soul. Touchstone.

Crick, F. and C. Koch (2003). A framework for consciousness. Nature Neuroscience 6.2, pp. 119–

126. doi: 10.1038/nn0203-119.

Dehaene, S. (2014a). Consciousness and the brain: deciphering how the brain codes our thoughts.

Viking, pp. 9–12.

— (2014b). Reading in the brain revised and extended: response to comments. Mind & Language

29.3, pp. 320–335. doi: 10.1111/mila.12053.

Dehaene, S., J.P. Changeux, J. Sackur, L. Naccache, and C. Sergent (2006). Conscious, precon-

scious, and subliminal processing: a testable taxonomy. Trends in Cognitive Sciences 10.5,

pp. 204–11. doi: 10.1016/j.tics.2006.03.007.

Dennett, D.C. and P. Weiner (1993). Consciousness explained. Penguin.

Driver, J. and P. Vuilleumier (2001). Perceptual awareness and its loss in unilateral neglect and

extinction. Cognition 79.1. The Cognitive Neuroscience of Consciousness, pp. 39–88. issn:

0010-0277. doi: https://doi.org/10.1016/S0010-0277(00)00124-4.

Editorial (1979). The need of a taxonomy. Pain 6.3, pp. 247–152. doi: 10.1016/0304-3959(79)

90046-0.

Fink, S. B. (2016). A deeper look at the ”neural correlate of consciousness. 7 1044. doi: 10.3389/

fpsyg.2016.01044.

25

https://doi.org/https://doi.org/10.1016/j.brainres.2008.12.085.
https://doi.org/https://doi.org/10.1016/j.brainres.2008.12.085.
https://doi.org/https://doi.org/10.1016/j.neubiorev.2011.12.003
https://doi.org/10.1002/9780470751466.ch19
https://doi.org/10.1212/WNL.58.1.71
https://doi.org/10.1017/S0140525X00038188
https://doi.org/https://doi.org/10.1016/j.tics.2004.12.006
https://doi.org/10.1016/j.tics.2011.11.001
https://doi.org/https://doi.org/10.1016/j.tics.2011.06.008
https://doi.org/https://doi.org/10.1016/j.tics.2011.06.008
https://doi.org/10.1038/nn0203-119
https://doi.org/10.1111/mila.12053
https://doi.org/10.1016/j.tics.2006.03.007
https://doi.org/https://doi.org/10.1016/S0010-0277(00)00124-4
https://doi.org/10.1016/0304-3959(79)90046-0
https://doi.org/10.1016/0304-3959(79)90046-0
https://doi.org/10.3389/fpsyg.2016.01044
https://doi.org/10.3389/fpsyg.2016.01044


Flor, H. (2002). **Phantom-limb pain: characteristics, causes, and treatment. The Lancet 1 (3).

doi: 10.1016/S1474-4422(02)00074-1.

Frankish, K. (2016). Illusionism as a theory of consciousness. Journal of Consciousness Studies

23.11-12, pp. 11–39.

— (2019). The meta-problem is the problem of consciousness. Journal of Consciousness Studies

26.9-10, pp. 83–94.

— (2020). Consciousness, attention, and response. Cognitive Neuropsychology 0.0, pp. 1–4. doi:

10.1080/02643294.2020.1729111.
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