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Abstract 

Consciousness is a fascinating and multi-faceted phenomenon, which is closely related to 

other well-studied domains such as visual attention, working memory, motivation, attention, 

decision making, language, etc. Several theories of consciousness claim that there are separate 

neural correlates of consciousness experience and cognitive function, and that such a 

separation is a prerequisite for using the term ‘consciousness’ at all. In support of these claims 

are numerous research findings of awareness without attention and attention without 

awareness. If consciousness and attention relate to distinct underlying mechanisms, then 

attention and consciousness should be considered as distinct entities. On the other hand, if 

they rely on shared neural mechanisms, then they should be considered as the same concept. 

This paper reviews neurophysiological findings regarding the relationship between attention 

and consciousness, concluding that it is in principle possible to separate the neural correlates 

of consciousness from the neural correlates of cognitive functions, and that they seemingly 

interact at the behavioral level. But while dissociative theories of consciousness exclusively 

focus on how the brain forms and maintains representations, they still fail to explain how 

those representations are experienced and accessed by the individual. 
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Introduction 

“Consciousness stands alone today as a topic that often leaves even the most sophisticated 

thinkers tongue-tied and confused. And, as with all of the earlier mysteries, there are many 

who insist – and hope – that there will never be a demystification of consciousness” (Dennett, 

2001). This paper will try to accomplish the demystification of consciousness and answer if 

consciousness and attention refer to different aspects of the same core phenomenon – or if 

they correspond to distinct functions. One way of trying to address this question is to take a 

closer look at the neural mechanisms underlying visual attention and consciousness. If the 

cognitive function ‘attention' and consciousness has distinct entities, they should also rely on 

distinct underlying mechanisms – and consciousness should no longer be considered as an 

executive function, but be defined by its experiential properties. On the other hand, if the 

cognitive function of consciousness is intrinsically related to attention, then its functional role 

should relate to executive functions and therefore be different aspects of the same core 

phenomenon – and they should also rely on shared neural mechanisms.  

And even though attention and consciousness are notoriously ambiguous terms that 

has resisted clear definitions for many years, I will in this paper focus on the contents of 

consciousness awareness rather than on states of consciousness as deep sleep, vegetative state, 

etc. ‘Attention’ is here defined as cognitive mechanisms that permits certain information to be 

more thoroughly processed in the cortex than non-selected information. From this it follows 

that it is also likely that attention permits attended information to be more fully transmitted 

across cortical regions than unattended information. Such processing might be activated on 

internally generated information such as representations in memory, or from external sensory 

stimuli such as visual stimuli. Further, it follows that increased attention often will lead to an 

enhancement in behavioral performance, e.g., faster reaction times and increased accuracy. 

Neuroimaging and electrophysiology allows researchers to more clearly see how attention is 

represented in the brain by identifying the associated brain regions and neural circuits, and I 

will rely on neurophysiologic findings arguing in favor or against the dualistic view of 

consciousness. I will first present a historical background in the study of consciousness, 

different dissociative theories, brain regions believed to be involved in conscious experiences, 

how the links between attention and consciousness can be conceived at the neural level, and 

finally review and discuss the process that enables selected information to reach conscious 

awareness.  
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Historical background 

Consciousness is a complex phenomenon that fascinates most people, and the apparent 

distinction between the physical nature of the body and the subjective, apparently spiritual 

nature of experiences has preoccupied philosophers and scientists throughout history. René 

Descartes (1596–1650) is maybe the most well known person who advocated the idea of the 

duality of body (res extensa) and spirit (res cogitans), or thinking substance. Since our feeling 

and experiences seems transparent and non-physical, it is no wonder that most religions teach 

that consciousness is a manifestation of a hypothetical soul or spirit. On the other hand, 

materialists points to the fact that subjective experiences are easily modifiable by surgery, 

diseases or drugs, claiming that there might only be physical processes taking place in our 

brains. Substantial effort has the recent years been put into effort to try to find the neural 

correlate of consciousness, i.e. exactly how consciousness arises from the electrical and 

chemical activity of neurons. Correlations between neuronal activity and subjective awareness 

are studied in humans and animals using different techniques, and even though much research 

shows encouraging progress, scientists still struggle with the hard problem of qualia; i.e. 

explaining how neural structures and processes provide language-independent information 

about external objects and about the inner state of the organism and thereby giving rise to 

subjective, qualitative experience. If qualia were thought to be internal experiences 

considered in isolation from all their causes and effects, then it would be impossible to 

perform any logically or broad functional analysis (Dennett, 2001). But even when one look 

at how brain processes translate to consciousness, it is still one of the greatest unsolved 

questions in science. However, in the study of consciousness there are other closely related, 

well-studied concepts such as visual attention, which is better understood. Nevertheless, 

despite several decades with research on visual attention and the mind, we still do not know if 

consciousness has a function on its own or is a natural companion of all high-level cognitive 

functions, or could be characterized by its experiential properties rather than by its 

accompanying cognitive abilities (Block, 2007).  

 

Dissociative theories 

Attention and consciousness have historically been viewed upon as closely related 

phenomenon. As William James (1890) famously wrote, “Everyone knows what attention is. 

It is the taking possession by the mind, in clear and vivid form, of one out of what seem 

several simultaneously possible objects or trains of thought. Focalization, concentration, of 

consciousness are of its essence”. Posner (1994) argued in the same line of thoughts about a 
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100 years later that, “an understanding of consciousness must rest on an appreciation of the 

brain networks that subserve attention.” In this view, James and Posner argued that attention 

and consciousness reflect interrelated concepts, and numerous influential theories hold that 

attention acts as a gateway for consciousness, and that those events that have been selected 

and amplified by attention are the ones that enter consciousness (Dennett, 2001). Other 

theories again, which we will look at more closely later, argue that conscious experience has 

its own neural foundations that can be separated from all cognitive functions, as for example 

working memory, motivation, attention, decision making, language, etc. Separating 

consciousness from other cognitive functions is by many theorists required, because it is a 

prerequisite for using the term at all. Although the details of the different theories vary, they 

all claim that cognitive functions and conscious experience have distinct neural correlates. It 

seems that one motivation behind dissociative theories and a dualistic worldview is the idea 

that theories associating awareness with access fail to explain the richness of phenomenology 

(Cohen & Dennet, 2011). One argument is that phenomenology overflows access (Block, 

2007; 2011), which indicates a larger capacity in conscious phenomenology than in cognitive 

access. While phenomenology is claimed to have no limits, cognitive mechanisms, like for 

example visual attention, working memory, and many other such processes, have well-

established capacity limits and can possibly not capture all that we experience in our daily 

lives. Block (2011) claims there is evidence for a form of conscious memory that has a 

significantly higher capacity than working memory. However, unlike iconic memory, is not 

based in the retina or early vision, and the argument is that when we look out onto the world, 

we see the whole wide world and not only a few attended items; e.g. we have access to only a 

small subset of cognitive experiences, but we are conscious of a massive variety of inputs.  

These arguments and this apparent separation between function and experience is 

often represented by the distinction between the ‘hard’ and the ‘easy’ problems of 

consciousness. The easy problems are characteristically defined by illustrating the 

mechanisms supporting cognitive functions, whereas the hard problems is answering how it is 

possible for phenomenal experience to arise from physical events in the brain (Cohen and 

Dennet, 2011). Cohen and Dennet argue that the ‘hard problem’, from an empirical 

perspective, is an impossible problem that essentially isolates consciousness from all current 

and future possibilities of scientific investigation. They also argue that the assumption that 

there are hard and easy problems in the study of consciousness essentially never can be 

verified or falsified. The study of consciousness is the product of cognitive functions, as e.g. 
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button pressing and verbal reports that allow consciousness to be empirically studied at all, 

and without input like this (that is, the product of such functions), scientists are left to define 

consciousness from certain types of neurological activation that are independent of a subjects 

own experience. And can neurological activation without subjective awareness be called 

consciousness at all? They therefore reason that a proper neurobiological theory of 

consciousness must apply certain cognitive functions in order for correctly identifying which 

specific neural activations correlate with conscious awareness.  

Throughout history scientists has studied the ‘easy’ problem of consciousness; i.e. the 

mechanisms supporting cognitive functions, as for example the link between visual attention 

and consciousness. And Cohen, Cavanagh, Chun and Nakayama (2012) points to the fact that 

the standard assumption for many years was that attention and awareness were inextricably 

linked, that attention facilitates detection, and alter the subjective appearance of stimuli. 

Additional, further proof of the strong link between attention and awareness is the fact that 

when one is being attentive to an item, one often becomes conscious of its features at the 

expense of unattended items. They points to several examples of absence of attention leading 

to absence of awareness, like e.g. inattentional blindness, change blindness, and the 

attentional blink, demonstrating that noticeable information can go unnoticed in the absence 

of attention. However, many researchers have recently studied the ‘hard’ problem of 

conscience and claimed the opposite, namely that attention and awareness can be fully 

dissociated (Block, 2007; 2011). Two classes of evidence have been brought forth, the first 

being the possibility of attention without awareness. Behavioral manipulations in patients and 

normal participants show that attention and consciousness, within a disputed theoretical 

framework, sometimes can be distinguished. I.e. that attention can operate on or be drawn to 

stimuli that never reach conscious awareness. The second class of evidence is the claimed 

existence of awareness without attention, that observers can be conscious of certain stimuli in 

the absence of attention. Together, these two classes of evidence are used to support the view 

that attention and awareness can be doubly dissociated.  

Cohen et al. (2012) argues that such a double dissociation would have important 

implications in the search for the neural underpinnings of consciousness, and that it further 

implies that each process could operate functionally and independently without the other. And 

if this is the case, such independence would seem to reduce the role of brain architectures, and 

that the search for the processes associated with consciousness must be separated from the 

neural mechanisms of attention. But they also argue that such strong claims deserve critical 
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evaluation, since they claim that there today is no empirical evidence meeting the criteria of 

awareness without attention. Cohen and Dennet (2011) also argue, that even though such 

double dissociative theories have some distinctive strengths and plausibility, they also share a 

fundamental flaw: they hypothesize the existence of conscious states that even the individual 

does not realize he or she is having. And if that is so, these so-called conscious states cannot 

be founded on subjective reports. 

One of the most commonly cited experiments in the field of dissociative theories tends 

to use Sperling’s partial report paradigm (Sperling, 1960). In this paradigm, participants are 

shown briefly a display of 9-12 letters in three rows and are asked to try to report as many 

items as possible through free recall. The exposure duration is normally 50 milliseconds. And 

most people are able to report only some of all the items, the mean being 4,5 items. However, 

if one asks the subjects to only report a subset of the letters, indicated by a tonal signal after 

the exposure, they can report most of the entire subset. Even though the participants did not 

know in advance which particular row would be called for, the participants were able to report 

accurately 76 per cent of the called-for items. These results propose that after termination of 

the exposure, the participants still had accessible 76 per cent of the 12 symbols, which equals 

9.1 symbols. These results demonstrate, according to dissociative theories (Block, 2007), that 

even though we have access to only a few items we are nonetheless conscious of the identities 

of most of them. Although Sperling’s results can be explained by appealing to consciousness 

without access, Kouider, Gardelle, Sackur, and Dupoux (2010) suggests that even though the 

partial report results are vital arguments for dissociating consciousness and function, they can 

be explained without this separation. They argue, as Sperling also showed in his experiments, 

when the tonal signal was delayed for only one second, the accuracy of report dropped from 

76 to 36 percent – and 36 per cent of 12 items is 4,3 items; equal to the previously measured 

memory span. One explanation for results like this is that the visual image of the stimulus 

persists for a short period of time in a visual information storage after the stimulus has been 

turned off, and that the participants can make use of this rapidly fading image. Kouider et al. 

(2010) suggest, that before the cue, participants are conscious only of the few letters they 

attend to, while the impression of all the other items on the display whose identities they do 

not know are unconsciously stored. Participants can identify cued items in the subset because 

their identities are stored unconsciously, and once the cue is presented the tonal signal brings 

the items to the focus of attention and they are able to access an unconscious representation 

before it decays. 
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Cohen and Dennet (2011) points to three other prominent theories regarding the separation of 

conscious experience from cognitive function. The first is the local recurrency theory, the 

second being the theory of micro consciousness, and lastly coalitions of neurons. I will in turn 

go through them all.  

 

Local recurrency theory 

According to the local recurrency theory, visual information is processed in the cortex by an 

initial feedforward sweep in which representations of color, motion and shape are formed. 

Even though representations at this stage can be rather detailed, there is no conscious 

experience associated with this processing. Conscious experiences can only arise, according 

to the local recurrency theory, as a result of continuous recurrent processing between visual 

areas. The theory proposes that the experiences that accompany recurrent processing are 

independent of all other cognitive functions, in particular attention. The theory also argues 

that local recurrency is the neural correlate of the only form of consciousness, which is 

phenomenal consciousness. When recurrent processing extends into the frontal cortex and 

engages higher-level functions, access consciousness is achieved. According to the theory, 

phenomenally conscious content can be described as different perceptive experiences of red 

and green, while access-conscious content is content information made accessible to the 

brain's ‘consumer’ systems, called the ‘global workplace’. Wide availability motivates the 

idea that there is a ‘global workspace’, which is systems of perceptual categorization, 

memory, reasoning, evaluation of alternatives, planning, decision-making, voluntary direction 

of attention, and more generally, rational control of action.  

 

Microconsciousness 

While the local recurrency theory emphasize the flow of information between regions, the 

theory of microconsciousness argues that consciousness is not a unified state but is instead 

distributed in space and time. The theory of micro consciousness concentrates on the 

activation of ‘essential nodes’ throughout the cortex, where each node represents distinctive 

bits of information, for example color or visual motion. Micro consciousness is generated 

with the activation of each node. Because each of these individual nodes is creating individual 

representations bound to others, post-experientially, they form an accessed macro 

consciousness and one have the impression of a unified consciousness at a macro level. It is at 

this macro level that higher-level functions such as language, planning, reasoning, decision-

making, etc. operate on the distributed experiences and lead to subjective reports. 
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Consequently, this characteristic micro / macro consciousness dissociates conscious 

experience and cognitive function. 

 

Coalitions of neurons 

The theory of Coalitions of neurons, on the other hand, argue that consciousness stems from 

‘winning’ coalitions of neurons, where every conscious percept is associated with a specific 

coalition of neurons acting in a specific way. The thought is that there is a unique neuronal 

correlate of consciousness for seeing for example a red patch, another for seeing one's 

grandmother, a third for feeling angry, and so on. Continuous activation of a collection of 

neurons dedicated to the processing and representation of a particular stimulus or event, 

compete with coalitions supporting other representations. The coalition is thought to initiate 

and reach from the back of the cortex, where representations of visual stimuli are first 

processed, to the front of the cortex, which carries out higher executive functions. Such 

coalitions would be reinforced if one paid attention to the stimulus of an image on ones retina, 

which then would strengthen the amplitude or the synchrony of the activity among the 

selected neurons. By feeding excitatory signals back and forth among the neurons in the back 

and front of the cortex, the coalition sustains itself and suppresses competing coalitions – and 

only after a winning coalition becomes conscious can attention be diverted to it. 

Consequently, there is thought to be a relatively tight correlation between consciousness and 

attention, since usually only one coalition ‘wins’ at a time – and all other is suppressed. But 

this correlation is not perfect, and can therefore be seen as consciousness without attention, as 

a form of phenomenal consciousness. 

 Dissociative theories often claim that phenomenology overflow access. However, 

various empirical findings, as in change blindness, intattentional blindness, attentional blink, 

etc., cast doubt upon this claim. If people really are conscious of all elements in a scene, as 

claimed by dissosciative theorists, then they should instantly notice all elements in the visual 

field and relevant changes taking place. The fact that that they neither see nor can report all 

elements in the scene, do suggests that participants are overestimating the content of their 

own experiences. Nevertheless, the illusion of seeing more still needs to be explained, and 

could be the focus of future empirical work.  
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Attention and consciousness, and involvement of the fronto-parietal network 

The fronto-parietal network with all its distinct areas have historically been related to 

correlates of consciousness and associated with the central executive, attention and control. I 

will therefore go through relevant research on this part of the brain associated with attention 

and consciousness. Consciousness has two components, according to Vanhaudenhuyse et al. 

(2011), consisting of arousal and awareness. Arousal involves the bottom-up activity of the 

brainstem reticular formation, hypothalamus, and basal forebrain, and refers to the levels of 

vigilance and alertness, whereas awareness is the related to the top-down activity of a 

widespread set of fronto-parietal associative areas and refers to the contents of consciousness. 

Arousal and awareness are strongly correlated, i.e. the less or more aroused we get the less or 

more aware of our surroundings and ourselves we become. In contrast, Tallon-Baudry (2012) 

points to the fact that activity in parietal and frontal regions is highly unusual in vegetative 

patients or during a loss of consciousness. In addition, frontal regions are also known to be 

the first areas to stop being active when falling asleep and the last ones to reactivate after 

awakening. So the main question one should ask is to what extent do fronto-parietal 

activations correlate with consciousness? Below I will present arguments proposing that the 

fronto-parietal activations could reflect functions such as attention and memory, but at the 

same time they seems neither necessary nor sufficient for consciousness, and that the fronto-

parietal network contribution to consciousness maybe should be re-evaluated.  

According to Macdonald, Cohen, Stenger, and Carter (2000), the dorsolateral 

prefrontal cortex is in it self a vital structure for the maintenance of sensory information in 

memory, while the anterior cingulate together with the dorsolateral prefrontal cortex are well 

known to be involved in control and performance monitoring. Within this system, attention 

operates in sensory regions and acts upon and modulates information in different sensory 

modalities (Zelano et al., 2005). And within a sensory region like the visual, attention are also 

known to separately operate on basic features as locations in space, whole objects, or points in 

time. In addition, attention can be divided within a top-down and bottom-up modality 

(Carrasco, 2011). Attention therefore seems to be comprised of multiple subsystems 

interacting with each other under a central executive, and the top-down control of voluntary 

or goal-directed attention mainly relies on parietal and frontal cortices, with parietal and 

frontal correlates of awareness. As a vital part of the frontal region, the role of the dorsolateral 

prefrontal cortex, the parietal regions, and the inferior frontal cortex is repeatedly underlined 

in imaging studies of consciousness (Hesselmann, Hebart, and Malach, 2011). Based on this 
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convergence of the posterior parietal cortex and the dorsolateral prefrontal cortex, one could 

be tempted to suggest that there exists a central executive, which could constitute a core 

component of consciousness. Below is presented three arguments for and against fronto-

parietal activations correlated with consciousness.   

First, it should be noted that fronto-parietal activations detected in some consciousness 

studies could suggest a consequence of consciousness, rather than a cause. Knapen, 

Brascamp, Pearson, Van Ee, and Blake (2011) has recently shown that activity in the right 

dorsolateral prefrontal cortex, which is typically associated with transitions between different 

conscious contents, would be a consequence of perceived transitions rather than a cause. The 

argument is that a stimulus that is consciously perceived can be cognitively manipulated, and 

therefore lead to activation of the fronto-parietal regions. However, depending on the 

experiment, Boly et al. (2007) found that a high-level of activity in the dorsal attentional 

network before stimulus onset can help the detection of stimuli at threshold, while 

Sadaghiani, Hesselmann, and Kleinschmidt (2009) found that it impaired the detection. In the 

framework of the cumulative influence hypothesis, this latter finding can be understood as 

attention-related activity either positively participating, or actively inhibiting, the final 

decision about the presence or absence of a stimulus. 

Second, it has been found that some of the fronto-parietal regions associated with 

consciousness also can be activated unconsciously. Berns, Cohen, and Mintun (1997) found 

that activity in the anterior cingulate, dorsolateral prefrontal, and parietal cortices is 

modulated by events not consciously perceived, and Hester, Foxe, Molholm, Shpaner, and 

Garavan (2005) found the anterior cingulate cortex being activated by errors individuals were 

aware of making as well as errors they were not aware of making. Cohen, Van Gaal, 

Ridderinkhof, and Lamme (2009) found that a medial prefrontal and occipital connection is 

activated in conscious as well as unconscious errors. There are areas involved in control of 

voluntary actions as the dorsolateral prefrontal cortex (Lau and Passingham, 2007), and areas 

of the medial frontal cortex that also are involved in unconscious and involuntary control 

(Sumner et al., 2007). And frontal brain potentials are associated with non-consciously 

triggered inhibitory control (Van Gaal, Ridderinkhof, Fahrenfort, Scholte, and Lamme, 2008). 

Third, one big problem of most studies of consciousness, is that they don’t try to 

separate the relative contributions of attention, control, memory, and consciousness to fronto-

parietal activations. For example, in a study by Kranczioch, Debener, Maye, and Engel (2007) 
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the attentional blink paradigm was used to identify neural correlates of consciousness, and 

Gross et al. (2004) used the same paradigm to investigate the temporal limitations of 

attention. When the same paradigm is being used to investigate either attention or 

consciousness, one is suggesting that the same neural structures appear, by definition, as a 

correlate of both attention and consciousness. Consequently, the parietal contribution 

common to these studies could suggest contribution from either attention or consciousness. 

Since the dorsolateral prefrontal cortex is involved in information maintenance in short-term 

memory it could report the presence of a stimulus, and the information about this stimulus 

could be kept in memory until the production of a behavioral response – and it could therefore 

appear activated in many consciousness studies.  

When one considers the abovementioned arguments, it could maybe be necessary to 

be much more specific, since the term ‘fronto-parietal’ often refer to a vast ensemble of 

loosely defined regions, supporting high-level functions in general. The frontal lobes consists 

of a very large part of the brain, estimated at 25–33% of the entire cortex with over 15 

Brodmann areas, each with architectonic specificity. In addition, many areas are known to 

having specific connectivity with non-frontal regions (Petrides & Pandya, 1994). In sum, 

Tallon-Baudry (2012) argues, the fronto-parietal area consists of a huge collection of loosely 

defined regions where activations could reflect other functions than consciousness, and 

maybe the fronto-parietal network contribution to consciousness therefore should be re-

evaluated.  

 

Attention and Consciousness at the Neural Level 

In order to further understand the alleged link between attention and consciousness, Tallon-

Baudry (2012) suggest it can be helpful to look at the difference between conscious and 

unconscious neuronal processing. A recognized difference between these processes is the 

depth and the duration of the corresponding neural activations. While unconscious activation 

is restricted to afferent and anterior higher-order systems in a primarily feed-forward manner 

which rapidly decays, stimuli that reach consciousness are associated with more longer 

durations of distributed activations in higher-level regions, such as the parietal and prefrontal 

cortices. One has for example observed this distinction between conscious and unconscious 

stimuli using paradigms such as the attentional blink, change blindness, and inattentional 

blindness. According to Desimone and Duncan (1995), the role of attention is to prioritize 

incoming sensory processing to facilitate an optimized behavioral response. Target 
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amplification and distractor suppression are the main neural mechanisms associated with the 

attentional modulation of sensory processing. Sensory regions will in this process, by 

combining these two mechanisms, selectively amplify target-related neural signals to 

facilitate the transmission of target-related information. Desimone and Duncan argue that 

numerous research points to evidence for target amplification in sensory regions in both 

monkeys and humans. Target enhancement has been reported in different correlates of neural 

activity, from firing rates to event-related potentials, and BOLD signal. In the same manner, 

active mechanisms for distractor suppression have also been found in different experiments. 

For example, when two different stimuli are being presented in the receptive field of a neuron 

the neuron shows a similar response as if the target was presented alone, leading to strong 

support for the biased competition model of attention. 

Yet other theories of consciousness hypothesize that selective neural amplification 

plays a key role for information to reach awareness. In Dennett’s (2009) Multiple Drafts 

model, a multitude of cognitive processes run in parallel, competing for control of behavior. 

Most of these processes are short-lived, but some get perpetuated and produce continuing, 

widespread effects, including verbal reports. Baars (1997) came up with the theater metaphor 

of consciousness in which representations compete for access to the spotlight of attention, 

which create conscious contents that shines on the stage of working memory. Theories such 

as these, and the global workspace model (Dehaene & Changeux, 2011), information 

integration theory (Tononi, 2008), and higher order theories (Lau & Rosenthal, 2011), suggest 

that widespread, sustained activation is a central pillar and selective neural amplification is 

necessary for any information to reach awareness. All these models propose that 

consciousness is the process that permits relevant information to remain on-line long enough 

to be synchronously processed by multiple cortical networks. The competition between 

different inputs is central here, and that the neural information that has been most amplified is 

the one that reaches consciousness. A neural correlate of consciousness is by definition an 

activity that is larger in response to consciously seen stimuli than to unseen stimuli, and 

activity in sensory regions appears to be larger for consciously seen stimuli (Hesselmann et 

al., 2011).  

As we have seen above, consciousness is commonly viewed upon as a generally 

distributed process involving the coordination and amplification of neural activity across 

different cortical regions. And a neural mechanism called oscillatory synchrony, which in a 

task-dependent manner coordinate and amplify activity within and between cortical regions, 
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may explain, according to Tallon-Baudry (2012), how temporarily signals between neural 

populations coordinate different regions on related pieces of information. Oscillatory 

synchrony with its neural cooperativity has been identified as a potential neural mechanism 

involved in the emergence of consciousness, and furthermore, since neurons are highly 

sensitive to the temporal structure of incoming inputs, oscillatory synchrony could also be a 

core component in the attentional processes by setting up a selective filter facilitating the 

transfer of information between neural populations. If two structures compete for transmitting 

information to a third target area further along the processing chain, and the first structure and 

target area are synchronized but not the second structure and target area, then the first 

structure will win the competition over the second structure to get its information transmitted 

to target area. This can be seen as an attentional filter, relating to both bottom-up and top-

down attention. Oscillatory synchrony is shown to play a significant role in the control of top-

down attention, and during attentional deployment oscillatory synchrony increases between 

sensory regions and frontal and parietal region. Experimental evidence shows that selective 

attention enhances gamma-band oscillatory synchrony in humans in EEG, as well as in 

intracranial recordings. It is interesting to see that the same neural mechanism could be 

related to visual awareness with conscious recollection, and therefore being involved in both 

attention and consciousness. This fact could suggest the two functions being intrinsically 

linked, and underlie executive and attentional functions. Even though oscillatory synchrony is 

a rather new discovery, it is considered as an essential population code taking advantage of 

neurons fine temporal tuning, and not a specific marker of a given cognitive function. 

As we have seen in the arguments above, the concepts of visual attention and 

consciousness often overlap in experiments. And it would be fair to say that when one base 

ones experiments on either manipulating attention or measuring consciousness, one would 

most likely find an apparent convergence between the neural correlates of attention and 

awareness. For example, it is not always easy to know if it is attention or consciousness that is 

being probed in the attentional blink paradigm. But does data support the view that 

consciousness can occur independently of, and can be experimentally dissociated from 

higher-level functions as for example access? Some studies have attempted to manipulate 

attention while measuring consciousness to focus on the issue of the link between attention 

and consciousness. For example, Cohen et al. (2012) argues that attention has been drawn 

towards a stimulus that is made invisible because of sub-threshold presentation or continuous 

flash suppression. These effects were even found in a patient known as GY, whose attention 
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could be drawn towards a stimulus in his contralesional (i.e. blind) visual field, which should 

be invisible for him. Results like these, and several others, indicate that attention can 

determine the extent to which stimuli will be unconsciously processed and that attention can 

be deployed and directed to stimuli that are not consciously perceived. And this implies that 

consciousness can, at least partly, operate via independent mechanisms. 

Wyart and Tallon-Baudry (2008; 2009) wanted also to test if spatial attention and 

visual awareness rely on independent mechanisms. They compared neural responses to 

stimuli that were physically exactly identical, but the stimuli could either be consciously 

perceived or not and either attended or not, on a trial-by-trial basis. The experiment was a 

typical Posner paradigm where the subjects oriented their attention according to a central cue, 

toward faint gratings, at threshold for awareness. What they found was a double dissociation 

between the neural correlates of attention and consciousness. With a factorial analysis of 

magneto-encephalographic data, it was shown that the presence of high-frequency gamma-

band oscillations were larger for attended stimuli, either seen or unseen, and that the existence 

of low-frequency gamma-band oscillations were larger for seen stimuli, either attended or 

unattended. This double dissociation of the attention-independent correlate of awareness was 

localized in the posterior lateral occipital cortex. Even though a neural correlate of visual 

consciousness independent from attention was identified, participants were more likely to 

detect the stimulus when it appeared at the attended location. This is in accord with Boly et al. 

(2007), showing that spontaneous modifications of neural activity are often attributed to 

fluctuations in vigilance leading to a state of high neural excitability, corresponding to a state 

of higher vigilance or attention before stimulus onset generating a larger response and 

influencing the conscious report of the subject. Wyart and Tallon-Baudry (2009) argues that a 

high baseline level of activity influencing the participant’s subjective report is not necessarily 

followed by a large response to the stimulus, and cannot therefore be explained only by an 

enhanced excitability leading to stronger responses to incoming stimuli. They argue that 

prestimulus activity in the visual sensory regions could directly bias the decision process, 

independently from the strength of the sensory response to the stimulus. I.e. that the sensory 

cortex of an individual could be biased toward judging that a certain stimulus is present, 

suggesting that judging and decisional determinants could be implemented in visual sensory 

regions as well, even before stimulus onset. Further, it seems like decisional determinants can 

be implemented in sensory regions as well, even before stimulus onset, and that it does not 

fully map onto only parieto-frontal regions. 
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Tallon-Baudry (2012) argues further that attention is a requirement for awareness, in the sense 

that those stimuli voluntarily attended to, or salient enough to attract attention, can reach 

consciousness. There is also situations where attention depends on consciousness, e.g. 

whether the subject is aware of the stimulus or not, which she calls ‘reverse dependence’ in 

the gateway model. She agrees with Cohen and Dennet (2011) that attention and 

consciousness could be initially independent, but she suggests that they might be combined at 

a later, decisional stage. She calls this possibility the cumulative influence model. In addition 

she claims that oscillatory synchrony is a generic mechanism governing neural interactions, 

and is not only related with single processes, like memory and learning, feature binding, 

attention, or consciousness. Independent sensory correlates of attention and of consciousness, 

together with late correlates of visibility, modified by attention and behavioral relations 

between attention and consciousness, suggest the possibility of cumulative influence. In sum, 

consciousness-related neural activities and attention-related neural activities would in the 

cumulative influence model be integrated in a single decision variable. Proof for this decision 

variable could be accumulated with sensory evidence, as in a perceptual decision-making 

framework, with processed neural information associated to either consciousness or attention.  

 

Summary, discussion and conclusion 

As Cohen and Dennet (2011) points out in the beginning of this paper, the so-called hard 

problem of consciousness, where consciousness is often thought to be a unique brain state that 

occurs independently of function, should not cripple our attempts for further research and 

better our understanding of this mysterious concept. They summarize the psychophysical and 

neurophysiological findings pointing to the distinction between visual attention and 

consciousness, and concluding that attention is necessary but not sufficient for consciousness. 

But still they argue that no experimental results exclusively support the existence of 

consciousness independent of function and access. As we have seen in this paper, there are 

several theorists claiming that there are neural correlates of conscious experience that are 

separate from the neural correlates of cognitive functions, like winning coalitions, 

microconsciousness, recurrent processing, etc. But by isolating conscious experience from 

cognitive functions one removes the experience in question from any further scientific testing. 

Even though such theories might offer substantial insight into the formation of internal 

representations of the sensory and perceptual world, it is still not sufficient to explain personal 

awareness. In addition, as Knapen et al. (2011) points out, events that don’t reach 

consciousness can nonetheless activate parietal and frontal regions, suggesting there is a 
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possibility that activation of frontal regions may reflect a consequence of consciousness, 

rather than a cause. And on the other hand, since frontal regions not always are being 

activated when events in fact do reach consciousness, it is fair to question whether they are 

necessary parts in a conscious experience. An accurate theory of consciousness cannot only 

focus on how the different brain regions and neural correlates shapes and maintains internal 

representations, it must in addition also give explanation to how those representations are 

experienced and accessed by the numerous functions composing that individual’s inner world.  

Another problem one faces in the search for consciousness, as Tallon-Baudry (2012) 

argues, lies in the instruments being used and the definitions one use. Many of the arguments 

in this paper are based on experimental results obtained in fMRI and MEG–EEG studies. One 

factor one should be aware of is that the relationship between the BOLD signal and 

electrophysiological data is yet not well established, and that the different measures 

occasionally provide inconsistent results. In addition, there are several different types and 

definitions of attention, as top-down and stimulus-driven attention, endogenous or exogenous 

spatial attention, divided or selective attention, etc. Moreover, scientific evidence points to the 

fact that different forms of attention rely on different forms of neural communication and 

different networks. Since many of the different types of attention are implemented differently 

in the different experiments, it is most likely they correlate differently with awareness. 

Even if the cumulative influence hypothesis has its limitations, Tallon-Baudry (2012) 

claims it is the model that today fits best with experimental data. Interestingly this model 

points toward the existence of a sensory neural activity related to consciousness, 

uncontaminated by other cognitive processes such as attention. Such an activity could 

potentially be very close to the immediate subjective experience of the subject, reminiscent of 

the idea of phenomenal awareness that could be distinct from cognitive access (Block, 2007). 

And as mentioned above, the only possibility to experimentally study consciousness is by 

relying on the individual’s subjective report. Wyart and Tallon-Baudry (2008) suggests that a 

subjective report relies on a complex decisional process, and propose that neural data sorted 

according to an integrated subjective report should reveal activity in upper visual areas 

uncontaminated by attention. If this is so, this activity could potentially be directly related 

with phenomenal consciousness, distinguishing cognition from associated cognitive functions 

at the neural level. Further research might provide some answers about the elusive functional 

role of consciousness and the neural correlates of conscious experience and cognitive 

function.  
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