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Abstract—The relationship between attention and consciousness is a matter of importance and of intense 

debate among scholars. Many psychologists and brain scientists try to link these two brain processes to each 

other. This article summarizes the general views concerning the issue. Many psychologists and brain scientists 

say that top-down selective attention and consciousness can be manipulated independently. The controversies 

over these two brain processes are as follows: a. One can become conscious of objects or events without 

attending to them. b. One can attend to objects or events without becoming conscious of them. c. Top-down 

attention and consciousness are completely different from each other and have the opposite effects. The paper 

focuses on five main issues. First, it discusses the functions of consciousness. Second, it reviews the functions of 

attention. Third, ways of processing visual events and behaviors are reviewed. Fourth, independent 

manipulation of attention and consciousness are discussed. Fifth, opposite effects of attention and 

consciousness will be discussed. Findings based on the review of the literature indicate that although the two 

psychological processes- attention and consciousness- may be linked with each other, they have distinct 

functions. 

 

Index Terms—attention, consciousness, function, brain 

 

I.  INTRODUCTION 

The two aspects of brain processes, selective attention and consciousness, are intimately connected. Scholars say that 

we are conscious of what we attend to. But when we withdraw attention from an event or object, we lose consciousness 

of its attributes and properties. What reaches visual awareness is usually the result of an attentional step. That is, 

awareness and attention are intimately bound together. Although the results of attention are postulated to reach 

consciousness, the attentional mechanisms themselves are probably largely unconscious (Crick & Koch, 2003). More 

recently, some authors argue that attention and consciousness are distinct processes (Iwasaki, 1993; Hard castle, 1997; 

Crick & Koch 2003; Naccache et al., 2002; Lamme, 2003; Kentridge et al., 2004; Bachman, 2006; Dehaene et al., 2006). 

This leaves the question of the causal relationship among these two open. Does consciousness require attention? On the 

contrary, good evidence shows that without attention, consciousness cannot occur (Dehaene, Changeux, Neccache, 

Sackur  & Sergent, 2006). Consciousness examines conceptual grounds (Block, 2005), ontological grounds (Chalmers, 

1996), and psychological grounds (Tulving, 1993). Attention examines filtering, anterior and posterior brain circuits, 

bottom up exogenous and top-down endogenous factors (Posner & Peterson, 1990). There is a dissociation between 

attention and consciousness based on the recent psychological evidence.  The evidences are the following: 

a. An object or event can be attended to without being consciously perceived. 

b. An object or event can be consciously perceived in the near absence of attentional processing. 

c. Top down attention and consciousness can have opposing effects. 

II.  FUNCTIONAL ROLES FOR ATTENTION AND CONSCIOUSNESS 

According to James „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. It implies withdrawal from some things in order to deal effectively with others‟ 

(James, 1890). According to many authors, including James, attention as a cognitive faculty is essential for 

consciousness. For instance, Zeman writes that „attention is the sentry at the gate of consciousness‟ (Zeman, 2001). 

Others hold that „there is no conscious perception without attention‟ (Mack and Rock, 1998). Another claim following 
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this line of thought is that „what is at the focus of our attention enters our consciousness, what is outside the focus of 

attention remains preconscious or unconscious‟ (Velmans, 2000). A number of other scholars point out that 

consciousness and attention, though closely connected, are nonetheless separate processes of the brain (Baars, 1997; 

Koch & Tsuchiya, 2006). Claims such as „awareness is a product of attention mechanism‟ (Lycan, 1996) and „attention 

is not sufficient for consciousness and is not the same as consciousness‟ (Damasio, 1999) can provide support to the 

opinion that, pace William James, „no one [really] knows what attention is, and … there may even not be an “it” there 

to be known about‟ (Pashler, 1998). 

There is a degree of agreement on the idea that attention is a mechanism that selects relevant information from our 

sense data. In other words, „the concept of attention refers to one of the basic characteristics of cognition, namely the 

capacity to voluntary and involuntary give priority to some parts of the information that is available at a given moment‟ 

(Naghavi & Nyberg, 2005). As a cognitive function, attention has the remarkable property of being either voluntary or 

involuntary. This is of crucial importance, because it allows to distinguish between a top-down attention and a bottom-

up attention. The former stems from endogenous factors – that is, a degree of control by the conscious mind in order to 

point at a particular feature (feature-based attention), object (object-based attention) or region in space (focal attention). 

On the other hand, bottom-up attention is exerted by exogenous factors - that is, stimuli with a certain degree of 

intensity that fleetingly attract one person‟s focus. 

Consciousness is connected with both kinds of attention. In most cases it is true that bottom-up attention represents 

the gate for consciousness. It is true that top-down attention occurs in the presence of awareness status. A few recent 

experiments (Koch & Tsuchiya, 2006) have convincingly put forward that attention and consciousness can be related to 

distinct activities of the brain. Most of the time we are conscious of the world that surrounds us but without paying 

specifically attention to its discrete elements. Top-down attention is excluded in perceiving the gist of a scene even if 

we are generally conscious of it. On the other hand, blind-sight experiments with subject who have lesions in the visual 

areas occipital cortex support the idea that both top-down attention and bottom-up attention can occur without 

conscious perception. For instance, „the blind-sight patient GY has the usual reaction-time advantages for the detection 

of targets in his blind visual field when attentionally cued, even when the cues are located in his blind field‟ (Kentridge 

et al., 2004).  In other experiments with normal subjects, „priming has been elicited for invisible words, but only if the 

subject was attending to the invisible prime-target pair; without attention, the same word fails to elicit priming‟ (Koch 

& Tsuchiya, 2006). These results suggest that the functional roles of consciousness and attention are different. 

Consciousness seems to be a global process capable to elaborate information in order to give a survey of what is going 

on inside and outside the body, whereas attention seems to be the capacity of mental states to shift and appreciate the 

sensory relevance or salience from one perception to another. This difference is expected to reflect into distinct neural 

correlates for consciousness and attention. 

III.  WAYS OF PROCESSING VISUAL EVENTS AND BEHAVIOURS 

There are four ways of processing visual events and behaviors. They are as follows: 

A. Attention with consciousness 

B. Attention without consciousness 

C. Consciousness in the near absence of attention  

We try to review evidence that supports them. 

A.  Attention with Consciousness 

Posner (1994) compares some features of attention with some features of subjective conscious experience. Consider 

the principle of relative amplification, according to which 'attention to sensory information amplifies brain areas used to 

process that modality'. He compares this feature of visual orienting with what he calls 'focal awareness': the kind of 

subjective recognition one has when a target pops out in a search task.  He says that attention's sensory amplification 

correlates with focal awareness. When we perceive something, attention makes the stimulus available to working 

memory by allowing perceptual representations to broadcast to working memory centers. Once noticed, a stimulus can 

trigger responses in centers associated with executive control of attention,  and this can exert top-down control on 

perceptual pathways, heightening sensitivity and resulting in increased stimulus contrast, both at the neural and 

phenomenological levels (Di Russo et al.,  2001). 

Evidence for a tight link between attention and consciousness comes from research showing that without attention 

consciousness fails. For example, even a very salient object, presented for a few seconds, sometimes goes unnoticed if it 

is not properly attended: inattentional blindness (Wolfe et al., 2005). Similarly, when a target stimulus draws attention, 

another target that rapidly follows it in temporal succession is unlikely to be seen: attentional blink (Chun &Potter, 

1995). Also, a major change between two subsequent images may go unnoticed if attention is not focused on the change: 

change blindness (Tse, 2004). Visual sensitivity decreases when attention is distracted: load-induced blindness 

(Macdonald & Lavie, 2008). Furthermore, damages to various parts of the cortex, including frontal and parietal regions 

and the temporo-parietal junction (Vallar, 2007), and subcortical areas such as the pulvinar, result in invisibility of 

stimuli in one hemifield, in particular when there is an competing object in the other hemifield: visual neglect (Driver, 
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1998). These studies show that when attention is not appropriately directed to an object, its conscious report can fail, 

supporting the view that attention and awareness are tightly linked. 

In most of these studies the stimuli are actually perceived, only not in fine detail. When sensitivity is empirically 

measured under attended and unattended conditions for identical visual inputs, several studies showed nearly no change 

in detection thresholds (Morrone et al., 2002; Tsuchiya & Braun, 2007). Detection of an isolated object is rarely 

affected by attention (Braun & Julesz, 1998). Sometimes a relatively large stimulus or change can go unnoticed when 

attention is not properly directed. We believe this is because subjects do perceive the gist of the image correctly, 

interfering detection of a less meaningful change in the scene as if it was filled in by the gist. When a stimulus or image 

change is related to the gist of the scene, attention-related blindness rarely occurs. For example, when natural images 

are abruptly and totally unexpectedly flashed, inattentional blindness was not observed. That is, subjects can describe 

the gist of these photos (Mack & Rock, 1998). Similarly, the attentional blink decreases when two subsequent target 

stimuli differ in their gist compared to when they contain the same gist (Evans & Treisman, 2005; Einhäuser et al., 

2007). The case of change blindness is perhaps most telling. A most effective demonstration of change blindness 

utilizes two photographs with an identical gist (e.g., soldiers near an airplane) with a change that does not modify the 

gist (e.g., airplane with or without an engine). However, if one uses a minor change that alters the gist between two 

images (for example, “a log immediately in the path of a man kayaking down a river was changed into another kayak,” 

Sampanes et al., 2008), observers notice the change much faster than when the gist did not change (e.g., the log was 

replaced by a rock) (Sampanes et al., 2008). It can be concluded that attentional reduction does not usually result in 

invisibility of an isolated object and that a large change can be missed as long as it does not alter the gist of the scene. 

Attention and consciousness may not be coupled as tightly as has been thought even in the above cases. 

B.  Attention without Consciousness 

Can observers deploy attention to a stimulus that is not accessible to consciousness? The answer now seems quite 

definitely: yes, they can. The evidence comes from (1) the attentional manipulation of non-conscious priming and 

adaptation and (2) the effects of invisible stimuli on attentional cueing. Behavioral (Sumner et al., 2006; Kentridge et al., 

2008; Finkbeiner & Palermo, 2009; Tapia et al., 2010; Van den Bussche et al., 2010) and neuronal (Kiefer & Brendel, 

2006) non-conscious priming is enhanced by spatial (Kentridge et al., 2008; Finkbeiner and Palermo, 2009; Van den 

Bussche et al., 2010), feature-based (Melcher et al., 2005; Tapia et al., 2010), or temporal (i.e., cueing when the prime 

or targets appear) (Naccache et al., 2002) attention. So far, there is no evidence that object-based attention can give rise 

to non-conscious priming (Tapia et al., 2010). Likewise, the strength of adaptation to perceptually invisible (attributes 

of) stimuli such as orientation (Kanai et al., 2006; Bahrami et al., 2008a; Shin et al., 2009) or the gender of faces (Shin 

et al., 2009) is increased by enhancing spatial and feature-based attention to these features. When the invisible 

orientation is defined by illusory contours, spatial attention is even necessary for adaptation (Montaser-Kouhsari & 

Rajimehr, 2004). 

Kentridge et al., (2004) studied on G.Y., who suffered from blind-sight G.Y. was asked to show whether a target had 

been presented somewhere in his blind field. On some trials a cue was presented in the blind field just before the target, 

which either accurately or inaccurately forecast the target location. When the cue was accurate, G.Y. was faster and 

made fewer errors. They conclude that he is attending in his blind field, and therefore attention can occur without 

consciousness. 

The existence of attentional deployment without conscious registration of a stimulus is also supported by studies that 

showed attentional cueing effects on sub-threshold or invisible stimuli (Jiang et al., 2006; Sato et al., 2007; Lin et al., 

2009; Meteyard et al., 2008; Bauer et al., 2009). Tsushima et al. (2006) even showed that random dot motion stimuli, 

whose coherency is so low that subjects cannot discriminate their motion direction above chance, are more distracting 

and detrimental for a concurrently performed central task than motion stimuli with high coherency. Using fMRI, it was 

shown that compared to supra-threshold motion, sub-threshold motion evokes stronger hemodynamic activation in the 

motion sensitive cortical area, MT, because the weak sensory stimulus does not activate an area in lateral prefrontal 

cortex (LPFC) that is presumed to be responsible for inhibiting distracting motion-related activity in MT. These studies 

demonstrate attention can be directed toward and away from a stimulus or one of its attributes without that stimulus or 

attribute ever being visible. 

C.  Consciousness in the Near Absence of Attention  

Lamme (2003) conducted the following blindness experiment. Subjects were presented, for 500 ms, with a stimulus 

consisting of multiple items arranged in a circle. Then a gray screen was displayed for 200-1500 ms, after which the 

same array as in stimulus 1 was presented, except that in this one an item was changed (Stimulus 2). The changed item 

was cued with an orange bar, and subjects were asked whether the cued item had changed or not. Subjects performed 

poorly (60% correct). But when the item was cued in advance during the display of stimulus 1, they performed quite 

well (100%). When the cue was shown alone in the gray screen that appeared after stimulus 1, they performed as good 

as they did when the cue was presented during stimulus 1(88%). 

This indicates that all of the items in stimulus 1 are conscious and remain in consciousness even after the stimulus is 

removed, until they are overwritten by stimulus 2. And this also shows that each item is conscious before it is cued, thus, 

attention is necessary for consciousness. To some, consciousness in the complete absence of attention, is an obvious 
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fact because we can always perceive stimuli in the periphery, outside the focus of attention. Dual- task paradigms 

experimentally support this idea: non – trivial tasks, such as scene categorization (Li et al., 2002), gender discrimination 

(Reddy et al., 2004), and face identification (Reddy et al., 2006) can be performed in the "near absence" of attention. 

If there is attention without consciousness, one can ask whether or not there exists consciousness without attention. 

Can a subject be conscious of an object or of an attribute of an object without attending to the object or its attribute? We 

focus on evidence in favor of that view obtained with the dual-task paradigm. Other lines of evidence, including pop-

out, iconic memory, and partial reportability, have been reviewed extensively elsewhere (Block, 2007; Koch & 

Tsuchiya, 2007; Lamme, 2010). Top-down attention is employed when there is competition among two or more nearby 

objects (Desimone & Duncan, 1995). In fact, almost all the neurophysiological studies of visual attention employ 

stimulus configurations that engender competition of resources by placing two objects within a receptive field of a 

recorded neuron. Without competition, that is when a single stimulus is presented in an otherwise empty field, it is very 

difficult to observe any top-down attentional modulation (Reynolds & Chelazzi, 2004). At the perceptual level, if a 

display contains only a single object in isolation, subjects become aware of it in any attentional state. This simple fact 

seems to undermine the argument that top-down attentional amplification from the frontal area is always necessary for 

consciousness (Dehaene et al., 2006). 

When there is competition among objects, top-down attention exerts a major gating role for consciousness, yet not all 

the aspects of vision are affected equally. In the dual-task paradigm, spatial attention is focused at fixation by a 

demanding task, while performance is measured on a simultaneously presented peripheral stimulus. Dual task studies 

have shown that simple detection and discrimination of a stimulus in a pop-out array is not compromised when attention 

is drawn away (Braun  & Sagi, 1990; Braun &Julesz, 1998). The gist of a natural scene picture as well as gender and 

identity of a face can be perceived under dual-task conditions (Fei-Fei et al., 2002; Reddy et al., 2006, Torralba et al., 

2006). What is considered a change in gist and what not, seems to be affected by expertise (Werner & Thies, 2000). 

This suggests that consciousness without attention develops in response to extensive experience with a particular class 

of images. Discrimination of other stimuli – for example, discriminating an arbitrarily rotated letter “L” from an 

arbitrarily rotated letter “T” – is severely affected when spatial attention is soaked up by the central task. While it 

cannot be guaranteed that observers deploy no top-down attention what-so-ever to the peripheral stimulus in these dual-

tasks experiments, these experiments do show that subjects can perform certain discriminations but not others in the 

near absence of top-down attention. Without top-down attention, observers cannot report the details of a scene even 

though they may erroneously claim to have seen a certain stimulus with high confidence (de Gardelle et al., 2009). Yet, 

observers often do perceive the gist of the scene and can accurately perceive the category of the object (whether it is a 

face, a natural scene, a letter, etc.). Even with a mere 30 ms exposure to natural scenes, followed by a mask, observers 

can clearly perceive their gist (Fei-Fei et al., 2002) even in the absence of any expectation about what type of scene will 

be flashed. Within these 30 ms, top-down attentional bias could not have taken effect. 

IV.  INDEPENDENT MANIPULATION OF ATTENTION AND CONSCIOUSNESS 

Van den Bussche et al., (2010) examined the magnitude of priming effects by independently manipulating prime 

visibility and spatial attention, leading to a full factorial 2 x2 design. The prime could signal the same behavioral 

response as the subsequent stimulus (a congruent trial) or an opposite behavioral response (an incongruent trial). When 

the prime was invisible and unattended, no priming effects were found. Compared to this baseline condition, both 

attention and awareness increased the priming effects. However, each manipulation contributed to the priming effects in 

distinct ways: when attention was directed to the invisible prime, the reaction times for the congruent trials were 

speeded compared to neutral trials, while when visibility was increased for the unattended prime, the reaction times for 

the incongruent trials were slowed down compared to the neutral condition. In other words, attention to invisible stimuli 

and visibility of unattended stimuli both enhanced the priming effects, but via distinctive neuronal mechanisms. In 

visible and attended conditions, both the speeding up of congruent trials and the slowing down of incongruent trials 

occurred. 

Kanai et al. (2006) investigated the magnitude of the tilt after effect by independently manipulating attention and 

consciousness. Attention showed an interesting effect. While feature-based attention increased the size of the after 

effect regardless of the visibility of the adaptor, spatial attention did so only when the adapting stimulus was visible. 

While later studies showed that spatial attention could modulate the tilt after effect (Bahrami et al., 2008a) it is still 

important to know whether different kinds of attention (spatial, feature-based, and object-based) act on visible and 

invisible stimuli with different sensitivity. As to conscious perception, it had a similar influence as attention, increasing 

the strength of the after effect. Wyart & Tallon-Baudry (2008) utilized MEG to dissociate neuronal correlates of 

attention and consciousness. They showed subjects a faint stimulus, which was visible in roughly half of the trials. They 

manipulated spatial attention by an endogenous cue. In a time-frequency analyses of MEG power, mid-frequency (54–

64 Hz) gamma activity was correlated with stimulus visibility for a sustained period, from 250 to 500 ms, in occipital 

sensors, contra-lateral to the stimulus. Independent of this awareness related activity, high-frequency (76–90 Hz) 

gamma activity was correlated with attention slightly later, for 350–500 ms in parietal sensors. These effects did not 

interact with each other and suggest that attention and consciousness may have dissociable neuronal correlates. 
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V.  ATTENTION AND CONSCIOUSNESS OPPOSE EACH OTHER 

One of the most striking pieces of evidence for distinctive neuronal processes for attention and consciousness comes 

from the studies of afterimages. Afterimages were long thought to have their sole origin in the retina (Loomis, 1978; 

Sakitt, 1976; Virsu & Laurinen, 1977; Wilson, 1997), which is impervious to attention and awareness-related signals (in 

mammals, there are no central fibers that project back into the retina). However, there is now increasing evidence that 

cortical sites also play an important role in afterimage formation (Gilroy & Blake, 2005; Tsuchiya & Koch, 2005); for 

example, removing stimuli from awareness by inter-ocular suppression decreases afterimage duration and strength 

(Gilroy & Blake, 2005; Tsuchiya & Koch, 2005). Attentional withdrawal increases afterimage durations (Wede & 

Francis, 2007; Lak, 2008). This is quite counterintuitive because attention is thought to boost neuronal activity 

(Reynolds & Heeger, 2009), which would result in stronger adaptation (Ling & Carrasco, 2006), leading to longer 

afterimages. 

Afterimages, low spatial frequency target detection and implicit learning are potential examples where attention 

impairs performance while conscious awareness of the stimuli improves the performance. Oliver & Nieuwenhuis (2005) 

found that observers report the second of two rapidly presented stimuli more often when they are distracted by an 

another task than when they are concentrated on the display.  This shows that a reduction of attention can be 

accompanied by an increase in awareness of the target. This striking demonstration may reflect different attentional 

networks. The attentional blink arises because while the person concentrates on target 1 and as a consequence target 1 

and target 2 are not perceived as separate events. The dramatic dissociation between awareness of a target and the 

availability of attention provides evidence that the two phenomena are not exactly the same. This dissociation may arise 

because there is a specific inhibition to processing a second target when it is similar to a first target which is still being 

attended. If concentration of the first target is reduced by a second task the inhibition may be released. If the second 

target is inhibited when the first is being processed, the reported dissociation may not show that attention is distinct 

from awareness, but instead that attention may be distinct from performance.  

It is essential that the effects of attention and consciousness be studied using identical stimuli and tasks. For example, 

stimulus parameters, such as the spatial frequency of the adaptor, are critical in determining the afterimage strength 

(Brascamp et al., 2010). Specifically, the decrease in afterimage duration with decreased visibility only occurs for low 

spatial frequency stimuli. For high-spatial frequency stimuli, a paradoxical increase in afterimage duration occurs with 

decreased visibility (Brascamp et al., 2010). These differences make previous research difficult to compare. A recent 

study (van Boxtel et al., 2010) addressed the separate influences of attention and awareness on afterimage perception, 

employing a full-factorial design while controlling stimulus and task confounds. Attention and awareness were 

independently manipulated during the afterimage induction phase, while the effects of these manipulations were 

measured in the afterimage perception phase. Attention to the afterimage inducer was manipulated by employing an 

attention-distracting task at fixation (i.e., the central task). This task could be easy or hard (Bahrami et al., 2008b; 

Macdonald & Lavie, 2008), ensuring identical visual input while manipulating the levels of attention available to the 

afterimage inducer. The conscious visibility of the inducer stimulus was manipulated independently of attention by 

means of continuous flash suppression, a form of inter-ocular suppression (i.e., presenting a very salient object in one 

eye that completely suppresses the afterimage inducer in the other eye (Tsuchiya & Koch, 2005; Gilroy & Blake, 2005; 

Tsuchiya et al., 2006). With the suppression present, the Gabor patch inducing the afterimage was not perceived. This 2 

� -factorial comparison (i.e., high attention/visible, low attention/visible, high 

attention/invisible, and low attention/invisible). 

van Boxtel et al., (2010) found that attention decreased the duration of the afterimage while awareness increased the 

duration of the afterimage. In other words: the effects of attention and awareness opposed each other at the level of 

perception. There was no interaction between the effects of attention and consciousness. In a related study, the effects of 

attention and consciousness on afterimages were investigated over a range of spatial frequencies (Brascamp et al., 2010). 

Using signal detection theory, these authors showed that the difference between the effects of attention and awareness 

can be pinned down to the different manner in which attention and awareness influence different visual channels. 

Briefly, afterimage duration is determined by the strength of adaptation of both phase-sensitive and phase-insensitive 

visual channels (Wede & Francis, 2007; Francis, 2010). The afterimage appears stronger when the adaptation of phase-

sensitive channels is increased, because afterimages originate from this adaptation. In contrast, when adaptation in 

phase-insensitive channels is increased the afterimage looks weaker, because this adaptation increases detection 

thresholds, thus making the afterimage harder to see (Leguire & Blake, 1982; Georgeson & Turner, 1985). Brascamp 

and colleagues showed that attention and consciousness increased adaptation in both channels, and that afterimage 

durations reflect the balance between these two factors. The observed opposite effects of afterimage durations at the 

perceptual level are caused by a change in balance between both channels (due to adaptation), rather than being due to 

opposite effects at an early neural level. The adaptation effects of attention and consciousness were correlated for 

phase- insensitive adaptation, while they were uncorrelated for phase-sensitive adaptation (Brascamp et al., 2010). 

VI.  CONCLUSION 
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Functional considerations and the empirical and conceptual work of many scholars indicate that the two 

psychological processes- attention and consciousness- are distinct neuronal processes with distinct functions. Although 

these two psychological defined processes may be linked with each other, they are not the same.  The issues of selection 

and control central to the study of attention are important aspects of most theories of consciousness. The study of 

attention has implicated a cortical network used for orienting that has many similarities to the awareness system as a 

model for the study of consciousness. We find that there exists considerable evidence for attentional deployment 

without consciousness, supporting the view that attention is not sufficient for consciousness. We also reviewed evidence 

for consciousness without attention, which indicates that attention is not necessary for consciousness. Yet many 

scholars find the evidence for this latter claim insufficiently compelling. We believe that psychophysical studies are not 

powerful enough to decide this question. In particular, it may never be possible to fully prevent subjects paying some 

attention to a stimulus on the basis of purely behavioural techniques.  Many assume that an important means by which 

top-down attention influence sensory processing is via cortico-cortical feedback connections (Macknik & Martinez-

Conde, 2007). It may be possible to transiently, delicately, reversibly and specifically knock out all top-down cortico-

cortical pathways, thereby preventing the subject, most likely a mouse or non-human primate, from exerting any sort of 

top-down attentional control. This could be achieved via molecular-biology tools, in particular opto-genetics (Han et al., 

2009; Gradinaru et al., 2010). Unbraiding the complex relationship between attention and consciousness will ultimately 

depend on such powerful, interventionist tools. Whether the progress in studies of attention and brain mechanisms will 

provide a complete analysis of consciousness or whether fundamentally new mechanisms will be needed is a matter of 

opinion, but what seems clear is that there has been very considerable recent progress toward understanding brain 

networks relevant to the processes of attention and consciousness and the tools are present for considerable future 

development. 
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