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Abstract 

Despite its great complexity, a great deal is known about the organization and 

information-processing properties of the visual system. However, the neural correlates of visual 

awareness are not yet understood. By studying patients with blindsight, the primary visual cortex 

(V1) has attracted a lot of attention recently. Although this brain area appears to be important for 

visual awareness, its exact role is still a matter of debate. Interactive models propose a direct role 

for V1 in generating visual awareness through recurrent processing. Hierarchal models instead 

propose that awareness is generated in later visual areas and that the role of V1 is limited to 

transmitting the necessary information to these areas. Interactive and hierarchical models make 

different predictions and the aim of this thesis is to review the evidence from lesions, perceptual 

suppression, and transcranial magnetic stimulation (TMS), along with data from internally 

generated visual awareness in dreams, hallucinations and imagery, this in order to see whether 

current evidence favor one type of model over the other. A review of the evidence suggests that 

feedback projections to V1 appear to be important in most cases for visual awareness to arise but 

it can arise even when V1 is absent.  

Keywords: primary visual cortex, V1, visual awareness 
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Introduction 

Thanks to functional neuroimaging, electrophysical, and psychophysical studies in 

humans, complemented by the physiological and anatomical data collected from animals, a great 

deal is known about the organization and information-processing properties of the visual system 

(Rees, Kreiman, & Koch, 2002). Despite the fact that the visual system is considered to be the 

most widely studied sensory system (Gazzaniga, Ivry, & Mangun, 2009; Rees et al., 2002; Tong, 

2003), little is yet known about the neural correlates of visual awareness. During the last two 

decades or so, there has however been a change of focus in the field of neuroscience where 

attention has shifted towards the topic of consciousness and its neural basis. This is also evident 

in the domain of vision, where visual awareness is now the topic for several books and papers 

(Lamme, 2001).  

In the search for the neural basis of visual awareness, one area in particular appears to 

stand out. This area, namely the primary visual cortex (also known as area V1, striate cortex or 

Brodmann area 17), has attracted a lot of attention recently as this is the area damaged in patients 

who experience the peculiar phenomenon of ‘blindsight’. In blindsight, visually guided behavior 

appears as if dissociated from awareness. Patients report complete blindness in the visual field 

corresponding to the lesion, yet these patients are able to respond to and make accurate guesses 

about visual stimuli presented to their blind field (Leopold, 2012; Weiskrantz, 1996). This ability 

in patients with V1 damage to process visual information without awareness, suggests a 

significant role for V1 in conscious visual perception. However, the exact role of this region is 

yet unknown (Tong, 2003).  

There is now an ongoing debate of whether V1 by itself is important in generating 

conscious vision (Pascual-Leone & Walsh, 2001), or if the role of V1 is limited to passing the 

necessary information on, to later “awareness dedicated” areas (Barbur, Watson, Frackowiak, & 
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Zeki, 1993). Models that aim to explain conscious visual perception are classified as being either 

hierarchical or interactive depending on which of the two positions they hold (Tong, 2003) 

While the so-called interactive models (e.g., Lamme, 2001) propose a direct and critical role for 

V1 in visual awareness, hierarchical models (e.g., Zeki & Bartels, 1999) instead believe that it is 

activity in later areas, and not V1, that gives rise to awareness.  

The debate over the contribution of this area to visual awareness has generated a great 

deal of publications, and the aim of this paper is to review the existing literature to see whether 

the evidence to this day could favor one type of model over the other. 

 The paper will begin with an overview of the visual system, going from the eye and 

retina to later and more complex areas further down geniculostriate pathway. It will then consider 

the subject of visual awareness, examining both philosophical as well as empirical definitions, 

and proceed to look at blindsight, a condition where visual awareness is impaired. Next, it will 

look at the role of primary visual cortex in visual awareness and describe two types of models 

(hierarchical and interactive). The predictions of each type of model will then be evaluated in the 

light of empirical data collected from lesion studies, perceptual suppression studies, and 

transcranial magnetic stimulation (TMS) studies. It will also include studies on internally 

generated visual awareness in dreams, hallucinations and imagery. The last section will contain a 

discussion and conclusion that will summarize the main findings, as well as provide some 

suggestions for further research. 

Overview of the Visual System 

Vision in the Eye and Retina 

 Light enters through the lens of the eye, where it is translated into nerve impulses by the 

light-sensitive photoreceptor cells in the retina (Holt et al., 2012). The nerve impulses are then 

transmitted to a layer of bipolar cells which in turn have synaptic connections with a layer of 
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retinal ganglion cells (Holt et al., 2012). In primates, at least 10 different  classes of retinal 

ganglion cells have been found (Casagrande & Xu, 2004), but due to the limited scope of this 

paper and for the sake of simplicity only three will be discussed. The Pα-cells (or parasol cells), 

which are larger cells with large receptive fields that carry information about luminance contrast; 

Pβ-cells (or midget cells), which are color sensitive and have small receptive fields for detailed 

vision; and the Pγ-cells (also known as W-cells) which is a collection of various types of retinal 

ganglion cells, usually grouped together in one category (Bullier, 2002; Leopold, 2012). Each of 

these three cell types project to a corresponding type of neuron in the next station of the main 

visual pathway, namely the lateral geniculate nucleus (LGN) 

Lateral Geniculate Nucleus 

LGN is centered in the posterior and lateral parts of the thalamus, and receives 

information directly from the retinal ganglion cells (Bullier, 2002; Gazzaniga et al., 2009).  

The primate LGN consists of six layers of neurons (Hubel & Wiesel, 1977), and based on 

their anatomical and functional differences of each layer, the LGN is typically divided in to three 

subdivisions (Bullier, 2002): The ventral magnocellular (M) layers, which consist of large cells 

with fast response-time and large receptive fields; the dorsal parvocellular (P) layers, which 

consists of cells that are slower, with smaller receptive fields and that are sensitive to color 

(Livingstone & Hubel, 1988); and the  koniocellular (K) layers, which are the interlaminar 

regions found between the parvo- and magnocellular layers of the LGN (Leopold, 2012; 

Livingstone & Hubel, 1988) and are thought to consist of several subclasses of cells that each 

differ in their functional and anatomical properties (Casagrande, 1994; Hendry & Reid, 2000; Xu 

et al., 2001) 

In addition to their anatomical and functional differences, these Magno-, Parvo-, and 

Koniocellular layers also differ in what type of retinal cell they receive axons from. The cells in 
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the magnocellular layers almost exclusively receives input from retinal parasol cells (Bullier, 

2002; Leopold, 2012), the parvocellular layers from retinal midget cells, and the koniocellular 

layers from the W-ganglion cells and superior colliculus (Bullier, 2002). These chains of 

projections make up three parallel pathways: the magnocellular, the parvocellular, and the 

koniocellular pathway; each carrying different types of visual information from the retina to the 

cortex via the LGN. These pathways converge after they reach V1 (Lamme & Roelfsema, 2000). 

The Primary Visual Cortex 

V1 is located in and around the calcarine sulcus in the occipital lobe, and receives input 

from the retina via the LGN (Ffytche & Zeki, 2011). In primates nearly all of the visual 

information enters the cortex via V1, and based on the simple tuning properties of V1 neurons 

and the short amount of time it takes to respond to visual stimuli (Juan & Walsh, 2003), V1 is 

often considered as the first and lowest stage in the visual hierarchy (Rees et al., 2002) 

There are several classes of cells in the primary visual cortex, each with a different set of 

tuning properties. For instance, simple cells exclusively respond to straight line segments (e.g., 

bars, lines, or edges) presented with a specific orientation (Hubel & Wiesel, 1977). Others, such 

as complex cells, are not only selective to line segments with a specific orientation, but also show 

increased responses when those line segments move. Some complex cells are even selective to 

line segments moving in a certain direction (Hubel & Wiesel, 1977).  

Although V1 is considered the first stage in the visual hierarchy, it is far from the last. It 

has wide-ranging reciprocal connections with surrounding visual areas (Ffytche & Zeki, 2011; 

Leopold, 2012), and send projections to area V2,V3, V4, and V5/MT along with subcortical 

structures such as the superior colliculus, LGN, and the pulvinar (Crick & Koch, 1995; Van 

Essen, Newsome, Maunsell, & Bixby, 1986). 
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Beyond the Primary Visual Cortex 

Close to V1 in the occipital lobe lies the extrastriate cortex which includes a collection of 

visual areas such as V2, V3, V4, and V5/MT. Later visual areas are located past the occipital 

lobe, in the parietal and temporal lobes.  

While V1 only processes the very basic aspects of a visual scene such as the direction, 

movement, and position of straight line segments, the extrastriate areas as well as other later 

visual areas, support more complex processing. Neurons in these areas have much larger 

receptive fields compared to those in area V1 (Bullier, 2002) and require more complex features 

of a stimulus in order to activate.  

For instance, neurophysiological studies in the macaque monkey have shown that area V4 

of the extrastriate cortex contains a large proportion of cells that are selective for color (Zeki, 

1973) and an area in humans, homologous to this area V4 in monkeys, has been confirmed by 

positron emission tomography (PET) studies in humans as well (Zeki et al., 1991). Damage to 

this area in non-human primates leads to deficits in color perception, where it in humans can lead 

to achromatopsia, a complete loss of conscious color vision (Gallant, Shoup, & Mazer, 2000). 

 In contrast to the color devoted V4, extrastriate area V5/MT appears to be functionally 

specialized for detecting visual movement. Studies on the macaque monkey shows that chemical 

lesions to area MT leads to impaired motion discrimination (Newsome & Pare, 1988). In humans, 

PET studies have shown that activity in area V5 (homologous with area MT in monkeys) 

correlates with the perception of visual motion (Zeki et al., 1991), and bilateral damage to this 

area has at least in one case (Zihl, Von Cramon, & Mai, 1983), led to akinetopsia, a condition 

where the patient can no longer perceive the movement of visual objects. This disruption of 

movement perception has also been produced by disrupting V5 activity with transcranial 

magnetic stimulation (TMS) in in healthy subjects (Beckers & Zeki, 1995). 
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Later visual areas respond to even more complex features than color and movement. For 

example, the fusiform face area (FFA) in the inferiotemporal cortex (IT) respond selectively to 

faces (Kanwisher, McDermott, & Chun, 1997). The very specific response properties of different 

areas suggests that much of the visual cortex is functionally specialized, meaning that different 

cortical areas analyze specific aspects of a visual scene (Felleman & Van Essen, 1991).  

Ventral and dorsal streams. This idea of functional specialization links together with 

the idea of two separate streams (Ungerleider & Mishkin, 1982) that each process distinct types 

of information. As mentioned above, from the retina and all the way to V1, three parallel 

pathways can be distinguished: the magnocellular pathway (parasol and M-cells); the 

parvocellular pathway (consisting of midget- and P-cells); and the koniocellular pathway (W-

cells and K-cells), each carrying different types of visual information from the retina to the cortex 

via the LGN  (Lamme & Roelfsema, 2000). 

As these pathways converge in V1 (Lamme & Roelfsema, 2000), two new pathways are 

formed; one dorsal and one ventral (Ungerleider & Mishkin, 1982), each made up by two 

separate groups of visual areas. The dorsal pathway is largely dominated by magnocellular cells 

and projects to areas such as V5/MT and on to the parietal cortex. This dorsal pathway is thought 

to be primarily involved in action, space, and movement. The ventral pathway consists mostly of 

parvocellular cells and projects to area V4 and on to IT, and is primarily concerned with 

perception and object identification (Ungerleider & Mishkin, 1982; Walsh & Butler, 1996).  

Feedforward and Feedback Connections 

As mentioned, the cortical visual areas form a rough hierarchy based on anatomical 

criteria such as receptive field size and complexity of tuning properties (Rees et al., 2002). When 

visual stimuli enters the cortex, it rapidly activates the different cortical areas in a hierarchical 

and sequential manner where lower-level areas provide input to higher-level areas, trough 
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feedforward connections (Rees et al., 2002). There is however not only feedforward connections 

between these areas, but also horizontal connections, which provide input from same-level cells, 

and feedback connections, which provide lower-level areas with input from higher-level areas 

(Lamme & Roelfsema, 2000). While feedforward projections, such as those transmitted from V1 

to extrastriate areas of the visual cortex remains highly segregated, the feedback projections from 

such areas back to V1 are not (Ffytche & Zeki, 2011). These feedback connections are central in 

the later discussion regarding the role of V1 in visual awareness. 

Alternative Pathways to the Cortex  

In humans as well as in non-human primates, a majority of the visual information travels 

through the pathway  just reviewed, going from the retina and optic nerve to the cortex via the 

LGN in thalamus (Leopold, 2012). Although this retino-geniculo-striate pathway can be thought 

of as the main pathway to the cortex, 10 percent of the retinal axons branch off to subcortical 

areas before they reach the LGN (Bullier, 2002; Gazzaniga et al., 2009). There are at least 10 

different pathways for information to travel from the retina to the brain (Cowey, 2010) and some 

of these pathways will be examined further in the later discussion of blindsight.  

Visual Awareness 

As can be seen in the previous section, a great deal is known about the organization and 

information-processing properties of the visual system, but what do we know about visual 

awareness, and perhaps more importantly, how do we define it? To go into debt of the 

philosophical aspects of awareness is beyond the scope of this thesis; yet, a clearer definition of 

visual awareness is necessary.  

Definitions of Awareness 

In some cases, awareness can refer to the different levels of awareness that we experience 

during, for instance, the sleep-wake-cycle (Capurro & Quiroga, 2009). This definition of 
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awareness is more often referred to as ‘wakefulness’ or ’arousal’ as it relates to things such as 

vigilance and alertness, and depend on structures such as the reticular formation in the brainstem, 

the basal forebrain, and the hypothalamus (Vanhaudenhuyse et al., 2011). In contrast, awareness 

can also refer to the content of consciousness (Vanhaudenhuyse et al., 2011). That is, being aware 

or unaware of something. 

 In discussions of visual awareness, we are not interested in whether someone is aware in 

a general sense (e.g., are they awake or asleep), but rather if the person is aware or aware of 

something (e.g., visual stimuli).  

Phenomenality and qualia. Awareness of something (from here on, simply referred to as 

‘awareness’) appears to require a phenomenal and subjective aspect to the experience. The idea 

that there is a subjective character to experience is famously described by Thomas Nagel in the 

paper What is it Like to be a Bat? (1974). In his paper, Nagel argues that “an organism has 

conscious mental states if and only if there is something that it is like to be that organism—

something it is like for the organism” (p. 436).  

Just as there is something that it is like to feel pain, there is something that it is like to see 

the color red. This subjective phenomenological character of our experience, also known as 

qualia, can include things such as the smell of an orange, (or in relation to vision) the redness of 

the color red (Zangwill & Gregory, 1987). Qualia seem to define visual awareness.  

In empirical research. How visual awareness is defined in empirical research differs 

among researchers, and precise definitions are hard to find (Capurro & Quiroga, 2009). Tong 

(2003) defines visual awareness as “the specific contents of consciousness for items in immediate 

sight” (p.1507). Other researchers, such as Ffytche and Zeki (2011), claim that their definition of 

visual awareness does not differ from what they call ‘the common-sense view’ of visual 

awareness, that is: having a visual experience and being able to report having one. Silvanto, 
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Cowey, Lavie and Walsh (2007) agree with the ‘common sense view’ of visual awareness. 

However, they also stress the importance of visual qualia, and of distinguishing between visual 

qualia and other types of awareness (e.g., awareness that ‘something happened’ but without any 

associated visual qualia). Crick and Koch (1998) also argue for a common sense view, and states 

that it is better to avoid a precise definition, for now. They claim that if we do attempt to define it 

too early, there is a risk that the definition becomes too restrictive or misleading. Lamme, Supèr, 

Landman, Roelfsema, and Spekreijse (2000) agree with this view. 

The definition that will be used in this thesis agrees with the ‘common sense view’ 

proposed by many authors (e.g., Crick & Koch, 1998; Ffytche & Zeki, 2011; Silvanto et al., 

2007), that is: visual awareness can be defined as having a visual experience and being able to 

report having one. It also agrees with the view that these experiences must contain some form of 

visual qualia (Silvanto et al., 2007). 

It may be difficult to precisely define visual awareness, but as the next section will show, 

any damage that causes disruption to it quickly becomes obvious. 

Blindsight 

 Blindsight is term coined in the 1970’s by Lawrence Weiskrantz (Weiskrantz, 

Warrington, Sanders, & Marshall, 1974) and refers to the ability in some people that are 

cortically blind due to V1 lesions, to respond to and make accurate guesses about visual stimuli 

that they do not consciously perceive. These blindsight patients appear to have vision without 

awareness. 

When the primary visual cortex is damaged, patients experience a complete loss of vision 

in the region of the visual field that maps to the lesioned V1 area (Stoerig & Cowey, 1997; 

Wessinger, Fendrich, Ptito, Villemure, & Gazzaniga, 1996) A total destruction of V1 bilaterally 

would consequently cause complete cortical blindness, luckily however, damage is rarely that 
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extensive in patients. More often the patients become hemianopic, meaning that the lesion is 

restricted to V1 in one hemisphere and thus only affect the visual field that is contralateral to the 

damage, or they suffer from smaller lesions which produce more discrete regions of blindness 

called scotomas. 

Although patients insist that they are completely blind to any stimuli presented to their 

defective field (Weiskrantz et al., 1974), testing suggest that despite being unaware, they are still 

able to access the visual information. When put in a forced choice setting, where they are given 

two options and are encouraged to guess, blindsight patient are able to make highly accurate 

guesses about things such as shape (Weiskrantz et al., 1974), location (Stoerig, Zontanou, & 

Cowey, 2002), direction of movement (Perenin, 1991), and in some cases even color (Stoerig & 

Cowey, 1992). Moreover, these patients have the ability to avoid obstacles (de Gelder et al., 

2008; Striemer, Chapman, & Goodale, 2009) and even distinguish between different emotional 

facial expressions (de Gelder, Vroomen, Pourtois, & Weiskrantz, 1999).  

Studies have revealed similar abilities in non-human primates with V1 lesions, where 

they are able to direct eye movements towards stimuli and avoid obstacles (Humphrey, 1974), as 

well as respond to and reach for both stationary and moving targets in their blind field (Cowey & 

Stoerig, 1995; Humphrey, 1974; Stoerig et al., 2002). There has also been evidence of non-

human primates being able to discriminate between objects, although the effects were dependent 

on object differences in salience (Humphrey, 1974). 

Although there is clear evidence of monkeys being able to perform visual tasks while 

having had their V1 lesioned (and in some cases completely removed), there are still some who 

question whether they can be said to have ‘blindsight’. As monkeys are unable to verbally report 

whether or not they have seen a presented stimuli, it is hard to decide if they are truly ‘blind’ to 

the stimuli or just have greatly diminished vision. This problem has forced researchers to use 
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other methods to investigate the awareness in monkeys. In one study, Cowey and Stoerig (1995) 

tried to answer this by using a paradigm where the macaque monkeys themselves could answer 

whether the stimuli was seen or not.  This was done by presenting the monkeys with a brief 

stimulus shown on a screen, which they were trained to respond to by touching the area of the 

screen where the stimulus had appeared. In a later test, they mixed the stimuli trials with blank 

trials and trained the monkeys to respond to the blank trials by touching a permanent rectangle in 

the lower quadrant of the screen. The later test showed that when monkeys were presented with a 

stimulus to their blind field, they classified it as a blank trial (indicating that the stimulus had not 

been seen). Yet in the earlier test, when the option of ‘blank’ was absent, they had no problems to 

detect and localize the same stimuli in their blind field. This goes well together with the behavior 

seen in human blindsight patients in forced choice settings. To further strengthen this, Stoerig et 

al. (2002) conducted a follow-up study, using the same test paradigm as with the monkeys but  

with four human blindsight patients. They obtained similar results from the humans subjects as 

with the macaques, indicating that monkeys do in fact experience blindsight and for that reason, 

are a good primate model for studying blindsight in humans. 

The Neural Pathways of Blindsight 

Various explanations for blindsight have been put forth. Some have argued that the ability 

for blindsight can be explained by spared island of residual tissue in V1. They suggest that while 

not being enough for producing conscious awareness, the spared islands is enough to give rise to 

the visual abilities seen in blindsight patients (Fendrich, Wessinger, & Gazzaniga, 1992). While 

probably true in some cases (e.g., Fendrich et al., 1992) residual V1 tissue fails to explain why 

monkeys with complete striate lesions (e.g., Humphrey, 1974) show blindsight. Furthermore, the 

ability in blindsight patients such as GY to respond to and mimic the path of a moving target 

throughout his whole blind hemifield while having his gaze fixed, also poses a problem for the 
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residue-explanation (Weiskrantz, 1996). If GY’s abilities were dependent on small islands of 

residual V1 tissue, it would require the existence of many such islands of tissue, being well-

distributed throughout V1. A PET study of GY,  exposing his blind hemisphere to moving visual 

stimuli, showed no sign of any such activity (Barbur et al., 1993).  

Another perhaps more likely explanation, suggests that in addition to the primary retino-

geniculo-striate pathway, there is a collection of parallel subcortical pathways that bypasses the 

LGN and V1, and projects directly to later visual cortical areas. When V1 is damaged, these 

pathways provide sufficient information to later visual areas (such as area MT/V5) to support the 

abilities seen in blindsight (Stoerig & Cowey, 2007). 

10 percent of the retinal axons branch off to other subcortical areas before they reach the 

LGN (Bullier, 2002; Gazzaniga et al., 2009). These areas include structures such as the  superior 

colliculus (SC) and pretectum of the midbrain, and the suprachiasmatic nucleus in hypothalamus 

(Bullier, 2002). The strongest of these alternative routes is that to the SC (Stoerig & Cowey, 

2007) and with the use of  physiological microstimulation, a pathway going from the SC to 

motion area MT in the cortex via the pulvinar, has been identified  in the macaque monkey 

(Berman & Wurtz, 2010). This colliculo-pulvinar pathway has been suggested for mediating 

blindsight. 

Although the colliculo-pulvinar pathway bypasses the LGN, Schmid et al. (2010) 

managed to show through behavioral tests and functional magnetic resonance imaging (fMRI) 

that the LGN might play a significant role in blindsight after all. When macaques with V1 lesions 

were presented with high contrast stimuli to their blind hemifield, there was fMRI activation of 

extrastriate areas and the macaques also managed to localize the stimuli in a detection task. When 

they later inactivated the LGN, there were a lack of fMRI response in the extrastriate areas, and 

the macaques failed the localization task.  
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As there are at least 10 different pathways for information to travel from the retina to the 

brain (Cowey, 2010), Stoerig and Cowey (2007) concludes that several distinct pathways 

probably contribute to the many different aspects of blindsight. 

Implications for Visual Awareness  

It is important to point out that visual abilities seen in blindsight are crude, and differ 

quite a lot from the abilities seen in normal vison (Stoerig & Cowey, 2007). It would for that 

reason be wrong of us to think of it as just normal vision without awareness. However, that does 

not take away from the fact that blindsight appears to offer a dissociation between visual 

processing and visual awareness. In contrast to the selective deficits shown by lesions to later 

visual areas such as V4 or V5, where awareness of specific features such as color or motion of a 

scene is lost, V1 lesions seem to lead to a more global disruption of visual awareness. 

A Direct or Indirect role for Primary Visual Cortex in Visual Awareness? 

Producing awareness from V1 activity alone 

The disruption seen in blindsight suggests a significant role for V1 in visual awareness, 

but it fails to reveal whether V1 activity by itself is sufficient for producing a conscious percept.  

Research on this matter seems to suggest that it is not. For instance, we are not aware of 

the small involuntary eye movements (microsaccades) that occur constantly during normal 

vision, yet they have a noticeable effect on the activity of V1 neurons (Martinez-Conde, 

Macknik, & Hubel, 2000). Similarly, two colors that alternate at very high frequencies are 

consciously perceived as one, yet the color-sensitive neurons in V1 reacts on these changes and 

follow this high frequency flicker (Gur & Snodderly, 1997). 

Similar evidence comes from the demonstration that perceptual aftereffects of patterns are 

present despite the fact that we are unable to perceive them. When we are exposed to high 

contrast patterns (e.g., gratings of white and black bars) we experience perceptual after-effects. 
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For instance, we can become insensitive to similarly oriented subsequent patterns, that resemble 

the pattern we just saw (He & MacLeod, 2001). In one experiment, He and MacLeod (2001) used 

patterns with such high grating and spatial frequency that the gratings became too fine to be 

consciously perceived, and instead appeared as a uniform field. Despite the subjects not being 

able to consciously perceive the patterns, He and MacLeod (2001) managed to show that the 

perceptual after-effects were still present.  As neurons in area V1 are those responsible for the 

described after-effects, the stimuli must at least have been registered by V1, and since the 

subjects were not able to consciously perceive the orientation, the present after-effects imply that 

stimuli can be processed in V1 without leading to awareness. Using fMRI, along with a masking 

paradigm to produce perceptual suppression of patterns that were similar to those used by He and 

MacLeod (2001), another study (Haynes & Rees, 2005) further confirmed V1 activity in such 

unconscious processing. 

Evidence from patients seems to support the result from the aforementioned studies. In 

one patient, the whole extrastriate area was destroyed while leaving V1 intact and isolated from 

the rest of the cortex. Despite showing normal activation of area V1 when exposed to light and 

checkerboard patterns, it failed to give rise to any visual percepts; the patient was still completely 

blind (Bodis-Wollner, Atkin, Raab, & Wolkstein, 1977). 

This together with other evidence (for reviews, see Lamme et al., 2000; Rees et al., 2002) 

seem to suggest that information represented in V1 is not available to awareness, and that 

something more than just initial activation of V1 neurons is necessary. 

Hierarchical vs Interactive models 

There are several models that aim to explain conscious visual perception and these 

models can be classified as being either hierarchical or interactive (Tong, 2003), depending on 

how they view the contribution of V1 to visual awareness; that is, whether V1 by itself is 
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necessary for visual awareness, or whether damage to V1 merely prevent later visual areas from 

receiving the input needed to support awareness. 

Interactive models. Interactive models propose that V1is critical and directly contributes 

to visual awareness. Proponents for this view argue that it is the recurrent loops between V1 and 

extrastriate areas that underlies visual awareness (Tong, 2003). That is, extrastriate activation 

needs to be fed back to V1 in order to reach awareness (Silvanto, 2014). 

As mentioned previously, when an image is presented to the eye, the areas of the visual 

cortex are activated in a hierarchical manner trough feedforward connections (Rees et al., 2002). 

In addition to this “feedforward sweep of information processing” (Lamme, 2001, p. 214) that 

takes approximately 100 ms to complete, there are also horizontal and feedback connections.   

Lamme (2001), who is a proponent of the interactive view, believes that the initial 

feedforward sweep is involved in unconscious vision while visual awareness relies on recurrent 

processing generated by the feedback and horizontal connections between extrastriate areas and 

V1. Pollen (1999) agrees with this and suggests that conscious visual percepts arise when there is 

a consensus between computations of the different modules at lower and higher levels. He 

believes that these recurrent circuits are involved in linking and updating the information between 

different computations within these areas. 

Hierarchical models. Hierarchical models on the other hand propose that only higher 

level areas, such as those in the extrastriate cortex, contribute directly to visual awareness. In 

contrast to interactive models, hierarchical models argue that V1 has no direct role in generating 

visual awareness. Instead, the role of V1 in visual awareness is limited to feeding information 

forward, to later ‘awareness dedicated’ areas in the visual cortical hierarchy (Silvanto, 2014). 

Visual information is analyzed at increasing levels of specificity and complexity and hierarchical 
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models propose that the more specified and complex the analysis is, the more accessible it 

becomes to awareness (Tong, 2003). 

Famous proponents of this view is Zeki and Bartels (1999). They suggest our 

consciousness consists of many microconsciousnesses. As seen, the visual brain consists of many 

functionally specialized systems for things such as color, motion, etc., that runs parallel to each 

other. Damage to one system causes a loss of awareness for the specific attribute that that system 

is specialized for (e.g., achromatopsia). Zeki and Bartels (1999) argue that higher extrastriate 

areas each produce their own conscious percepts for different features of a visual scene, and if 

activated, it can give rise to awareness for that specific visual feature, without any participation of 

V1. 

Another model considered hierarchical is that of Crick and Koch (1995). In this model, 

Crick and Koch (1995) suggest that only visual areas that has direct projections to frontal areas, 

are able to participate directly in visual awareness.  As area V1 does not have any direct 

projections to frontal areas, Crick and Koch (1995) argue that it is neither directly involved, nor 

essential, for visual awareness. 

Differences between the models. Although hierarchical models do not consider V1 

activity to be directly involved or essential for visual awareness, they still consider it to have an 

important role, as it provides necessary visual information and enrich visual experience and 

awareness (Ffytche & Zeki, 2011; Silvanto, 2008; Tong, 2003). The question is whether area V1 

is necessary for visual awareness (the interactive view) or if it only seems necessary, and that the 

loss of awareness seen in V1 lesion, is in reality just a consequence of actual awareness dedicated 

areas being robbed of their visual input (the hierarchical view).  

Hierarchical and interactive models make different predictions. Hierarchical models 

predict that visual awareness should correlate with extrastriate activity. They also suggest that if 
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extrastriate activity remains intact, V1 disruption should not impair visual awareness. In contrast, 

interactive models predict that there should be some correlation between V1 activity and 

awareness, and that V1 lesions should impair visual awareness at all times (Tong, 2003). 

 In the forthcoming sections, these predictions will be evaluated based on empirical data 

from lesion studies, perceptual suppression as well as TMS, along with data from internally 

generated visual awareness in dreams, hallucinations and imagery.  

Lesion Studies 

V1 lesions  

As seen in the earlier discussion of blindsight, patients with V1 lesions lose visual 

awareness. At first sight, this phenomenon seems to suggest a critical role for V1 in visual 

awareness, perhaps by extrastriate feedback to it, as suggested by interactive models. Another 

possibility (advocated by the hierarchical models) is that the flow of information to extrastriate 

‘awareness dedicated’ areas is interrupted, and for that reason, awareness cannot arise. 

Hierarchical models state that extrastriate activation, without the involvement of V1, should be 

enough to give rise to conscious visual percepts; but, is it?  

When patients with V1 lesions are presented with moving stimuli to their blind field, 

there is still observed activity in area V5/MT (Barbur et al., 1993; Goebel, Muckli, Zanella, 

Singer, & Stoerig, 2001; Holliday, Anderson, & Harding, 1997). Similarly, activity has been 

observed in area V4 when these patients are presented with color (Goebel et al., 2001). 

Additional recordings of area V5/MT in macaques further supports this, as a majority of those 

cells are still responsive to visual stimuli despite the fact that V1 was either removed or lesioned 

(Rodman, Gross, & Albright, 1989). 

While hierarchical models argue that extrastriate activation, without the involvement of 

V1, should be enough to give rise to conscious visual percepts, these aforementioned studies 
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seems to suggest that this is not the case. V1 lesioned patients do indeed show extrastriate 

activity; yet, they show no signs of visual awareness. Does the fact that V1 lesioned patients 

show extrastriate activity but no awareness, imply that hierarchical models are wrong? This is not 

necessarily the case. Since the signals transmitted by the alternative visual pathways that support 

blindsight are not only weaker (Rodman et al., 1989), but also entirely different, than those sent 

by the geniculostriate pathway, it may be that these extrastriate areas only give rise to awareness 

when they receive a signal strong enough (Leopold, 2012; Silvanto, 2008). Another finding that 

prevents us from dismissing hierarchical models is the fact that some patients actually do appear 

to have awareness for certain visual stimuli, despite having lesions to V1. 

Awareness after V1 lesions. One example of this is the now famous blindsight patient 

GY, a man who at the age of seven had acquired massive damage to the medial occipital lobe of 

the left hemisphere, leaving him blind in the right hemifield (Barbur et al., 1993). Some of the 

first to report visual awareness in GY was  Barbur et al. (1993). In their study, GY was presented 

with stimuli to his blind field that was either moving or stationary and was asked to report 

direction for the moving stimulus, and position for the stationary. As expected from a patient 

experiencing blindsight, GY was able to detect the moving stimuli and discriminate the direction 

of movement in every trial (GY’s performance for the stationary stimuli however, was no better 

than chance). A PET scan revealed that when GY watched the moving stimuli, activity could be 

observed in area V5/MT, there were however no signs of activity in V1. The fascinating thing 

about this study was that, as opposed to regular blindsight (where patients just accurately ‘guess’ 

without having awareness of the stimuli), GY reported to be aware of movement as well as the 

direction of that movement. This led Barbur et al. (1993) to conclude that GY did in fact 

experience visual awareness of the stimuli, and that this awareness (although crude) was different 

from the abilities seen when tested for blindsight.  
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In a later investigation (Morland et al., 1999) GY was asked to compare and match 

stimuli in his blind field with stimuli in his unaffected field. Testing showed that he was able to 

compare and match stimuli according to color and motion but not brightness. Despite GY 

claiming he did not actually see the stimuli in his blind field, Morland et al. (1999) still concluded 

that he was aware of it. They argued that if GY are able to manipulate a stimulus parameter in 

such a way that he can establish a match, he must have a conscious representation of the stimulus. 

They further suggest that visual stimuli presented to his blind field can never be perceptually 

equivalent to stimuli presented to the normal field, and this may be the reason to why he claims 

not to see the stimuli.  

Questioning the nature of reported awareness. Showing that extrastriate activity can 

give rise to conscious visual percepts without involvement of V1 would be a devastating hit 

against interactive models. However, many have questioned if GY can be said to have genuine 

visual awareness. For instance, it is not clear whether GY in fact experienced real visual percepts, 

rather than just ‘a feeling that something happened’.  

Cowey (2010) suggests that a possible reason behind the reported awareness in GY is that 

there could have been a change in his criterion for recognizing visual awareness. For instance, a 

blindsight patient who repeatedly is required to guess about stimuli in his blind field might begin 

to recognize small events that previously went unnoticed (e.g., feeling that the eyes want to move 

in a certain direction). These feelings are then correlated with performance, and the subject might 

report being aware of these feelings, rather than having an actual visual percept.  

Others such as Pascual-Leone and Walsh (2001), have suggested that the awareness 

experienced by GY can be explained by a metamodal alerting response, meaning that areas 

specialized for a different sensory input might instead be activated by visual input if the striate 

cortex is absent (Pascual-Leone & Hamilton, 2001). However, they do not specify in detail how 
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this metamodal alerting response would work, nor do they explain how it would give rise to non-

visual awareness. 

Investigating the nature of reported awareness. As a response to some of the critique, 

Stoerig and Barth (2001) wanted to investigate whether the awareness reported in GY, actually 

was phenomenal and included visual qualia. As seen in the study by Morland et al. (1999) GY 

claims to be aware of something happening in his blind field, but has been reluctant to call this 

experience “seeing”.  Stoerig and Barth (2001) suggest two possibilities: (1) His visual 

experience is altered, both quantitatively and qualitatively, to such extent that he avoids calling it 

“vision”. Although very crude, this would still count as phenomenal vison as it contains qualia. 

(2) The awareness of stimuli that GY experiences is, as suggested by Cowey (2010), a result of 

noticing small events from his defect field that allows him to “know” that something has 

happened, although there is no phenomenality or qualia to the experience. 

To find out whether GY’s awareness was phenomenal or simply just ‘a feeling of 

something happening’, Stoerig and Barth (2001) attempted to produce an image in his functional 

visual field that would perceptually match what he experience in his blind field. In order to 

generate such a match, they presented GY with two identical stimuli, one to each field, and then 

modified the stimulus in his sighted field by adjusting parameters such as smear, contrast, 

luminance, etc. according to comments they received from GY himself. If successful, they argued 

that it would show that he actually had ‘vision’ in his blind field as opposed to just ’a knowledge 

of that something had happened’. When  Stoerig and Barth (2001) used moving stimuli, 

presented to both fields, and altered the stimulus in the blind field to have very low contrast 

(making it barely visible) they succeeded; GY judged the two fields as being similar. The authors 

conclude that although the vision in GY’s blind field is greatly reduced, it still contains visual 

qualia, meaning that he does in fact experience visual awareness in his blind field. The results of 
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this study are furthermore in compliance with previous attempts of GY to describe his visual 

experiences, where he has described them as crude and ‘‘similar to that of a normally sighted 

man who, with his eyes shut against sunlight, can perceive the direction of motion of a hand 

waved in front of him’’(Beckers & Zeki, 1995, p. 56). 

When GY himself, after being presented with different definitions of qualia (e.g., Block, 

1980; Dennett, 1988; Jackson, 1982), has been questioned about his visual experiences, he has 

denied experiencing qualia in his blind hemifield in everyday life. However, when asked about 

whether he experienced qualia in those experimental conditions where he performed well, GY 

has stated that he sometimes does, but later added that he was unsure if it really could be 

considered qualia (Persaud & Lau, 2008). This uncertainty might, as Stoerig and Barth, (2001) 

suggested, reflect the unwillingness in GY to describe these crude and  low-level visual percepts 

as ‘vision’ or qualia. Another possibility is that GY does not experience qualia and that he 

realizes this after being presented with an adequate definition of it. 

A majority of experiments on visual awareness in blindsight have been limited to just one 

patient, GY. Because of this, Ffytche and Zeki (2011) decided to test three different blindsight 

patients in order to see if their experiences were phenomenal or not. All three subjects reported 

having visual experiences, or qualia, in their blind field. For fast-moving stimuli with high 

contrast, one patient reported visual experiences in 98 percent of cases, while the other reported it 

in 93 percent. These two patients were also able to give verbal reports as well as accurately draw 

their experiences. In contrast to the other two, the third patient did not perceive any moving 

stimuli; instead, he experienced the stimulus as a stationary flash. Although this patient was also 

considered to have visual experiences, Ffytche and Zeki (2011) was not certain if they are 

dependent on area V5/MT, as believed to be the case in the other two patients. Instead, they say 



PRIMARY VISUAL CORTEX AND AWARENESS 27 

 

that there is a possibility that the experiences in the third patient are instead a result of spared 

islands of V1. 

To conclude, studies of patients with V1 lesions have shown that these patients still 

exhibit extrastriate activity when presented with visual stimuli (Barbur et al., 1993; Goebel et al., 

2001; Holliday et al., 1997). At first sight, these findings appear to suggest that extrastriate 

activity without the involvement of V1 is not sufficient to produce visual awareness, which is 

contrary to what the hierarchical models propose. However, another possibility that has been 

suggested is that that awareness from extrastriate activity alone can arise, but only if the 

activation is strong enough (Leopold, 2012; Silvanto, 2008). The fact that awareness does not 

arise in these patients may be a result of the reduced strength (Rodman et al., 1989) of signals 

transmitted by the alternative visual pathways that support blindsight.  

Studies of patients with V1 lesions furthermore suggest that awareness can arise even 

when V1 is missing (Barbur et al., 1993; Morland et al., 1999). While the nature of the awareness 

initially reported by patient GY has been questioned (Cowey, 2010; Pascual-Leone & Walsh, 

2001), later studies (Ffytche & Zeki, 2011; Stoerig & Barth, 2001) seem to suggest that GY, and 

other patients, can in fact experience true visual percepts consisting of qualia, implying that 

contrary to what the interactive models propose, V1 is not necessary for visual awareness to arise 

in all cases.  

Perceptual suppression 

Perceptual illusions such as binocular rivalry, motion-induced blindness, and masking, all 

share is the ability to make a highly visible target perceptually invisible (Libedinsky, Savage, & 

Livingstone, 2009). For this reason, they allow researchers to investigate the neural changes that 

take place when a stimulus becomes accessible or inaccessible to awareness, and has 

consequently become a useful tool for investigating the neural correlates of awareness.  
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Binocular Rivalry and Motion-Induced blindness 

In binocular rivalry, two different images are presented, one to each eye. The conflicting 

information causes the images to compete for perceptual dominance and the result is spontaneous 

back and forth shifts between which one of the two images that are being perceived (Blake & 

Logothetis, 2002). As the stimuli stay consistent, binocular rivalry offers a way to measure the 

changes that happens in the brain when a picture becomes accessible to awareness, while the 

other one is suppressed. As a result, one might expect to find activity changes in areas linked to 

awareness (Polonsky, Blake, Braun, & Heeger, 2000). Another way of achieving visual 

suppression while keeping the stimuli constant is by motion-induced blindness. In this illusion, 

stimuli that are placed in front of a field of rotating distractors,  and disappears and reappears at 

random intervals when you fixate your eyes on a certain point (Libedinsky et al., 2009). 

If awareness of stimuli change could be correlated with changes in V1 activity, as the 

interactive models propose, it might suggest a direct and critical role for V1 in visual awareness. 

If such changes however occur independently from changes in V1 activity, it might instead 

suggest that awareness for visual stimuli is dependent on other areas (for instance extrastriate) as 

suggested by hierarchical models (Tong, 2003).  

By preforming electrophysical recordings of V1 in monkeys, several studies have 

attempted to measure the correlation between V1 activity and awareness. However, perception 

suppressing paradigms using both binocular rivalry (Leopold & Logothetis, 1996) and motion-

induced blindness (Libedinsky et al., 2009) have failed to show any direct correlation between 

V1 activity and the changes in the perceptual state of the animals. 

Interestingly, fMRI investigations in humans show complete opposite results, where 

studies using both binocular rivalry (Lee, Blake, & Heeger, 2005; Polonsky et al., 2000) and 
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contrast detection tasks (Ress & Heeger, 2003) have confirmed a correlation between alternations 

in awareness for stimuli and V1 activity.  

So why do fMRI studies on humans, but not electrophysical studies on monkeys, show 

correlation between awareness of a stimulus and V1 activity? As the studies differ in both 

behavioral procedures and visual stimuli, as well as species tested, it is hard to identify the true 

reason behind the discrepancy. Previous studies on humans have shown that the changes in fMRI 

response seen in V1 during perceptual suppression, might reflect attentional modulation rather 

than changes in awareness (Watanabe et al., 2011). However, at least two of  the abovementioned 

studies (Polonsky et al., 2000; Ress & Heeger, 2003) had taken this possibility into consideration 

when designing the experiments, and were accordingly able to rule it out. Another possibility is 

that incongruity seen, simply reflects a functional difference between the two species (Polonsky 

et al., 2000). After all, the monkey and human brain are not identical, and there have been 

observed anatomical differences even in area V1 of monkeys and of humans (Preuss, Qi, & Kaas, 

1999). However, when measuring responses in monkeys who are experiencing perceptual 

suppression, using both electrophysical recording and fMRI, the same inconsistency is present. 

That is, fMRI response of V1 correlates with the awareness of the stimuli, while electrophysical 

recordings of the same monkeys under identical conditions (stimuli and behavioral procedure) 

fail to do so (Maier et al., 2008). Given this, it is not likely that either the species, or differences 

in procedure and stimuli, are the reason behind the discrepancy. Instead, it appears to be related 

to the method used to record activity (Maier et al., 2008). 

It looks as if fMRI data is consistent with interactive models, whereas data acquired 

through electrophysical recordings is consistent with hierarchical models. However, Maier et al. 

(2008) argues that this inconsistency between methods of measurement, might actually be best 

explained by interactive models. As we shall see later, these models propose that awareness for 
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stimuli in perceptual suppression fails because the input to V1 from extrastriate areas is disrupted 

(Lamme, Zipser, & Spekreijse, 2002). It might be that the hemodynamic changes measured by 

the fMRI, better reflects this disrupted input, compared to the neural firing measured by 

electrophysical recordings (Maier et al., 2008). 

Backward Masking 

In backward masking, a target stimulus is presented very briefly (<100ms) and is rapidly 

followed by a second stimulus (the mask). This mask dramatically decreases the visibility of the 

first stimuli, sometimes making it completely invisible. The target stimulus would be fully visible 

if shown by itself, yet somehow the mask stimulus is able to block the target, making it 

inaccessible to awareness (Lamme & Roelfsema, 2000).  

Hierarchical models explain this effect seen in backward masking by arguing that the 

neural signal of the target stimulus is inhibited by the second  masking stimulus, and that this 

inhibition occurs at such low levels of processing that the information never has the chance to 

reach the awareness dedicated areas and become conscious (Lamme et al., 2002). Suggested 

mechanisms have spanned from lateral inhibition at low levels to interchannel inhibition (for a 

review, see Breitmeyer & Ogmen, 2000), but the exact mechanisms at work, still remain a matter 

of debate.  

However, and contrary to what the hierarchical models propose, studies on monkeys have 

shown that masked stimuli do in fact activate higher order areas. For instance, electrophysical 

studies of macaque has shown that neurons, as far up as inferiotemporal cortex (IT) in the ventral 

stream, respond to masked images of shapes (Kovács, Vogels, & Orban, 1995) A similar 

activation has also been observed in human subjects (Fahrenfort, Scholte, & Lamme, 2007). 

The activation seen in later visual areas during masking is congruent with interactive 

models, as they argue that information about the first stimuli reaches higher areas (Fahrenfort et 
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al., 2007). They furthermore propose that masking makes a stimulus inaccessible to awareness 

because the information from extrastriate areas, that is supposed to be fed back to V1, ‘clashes’ 

with the information about the second stimuli. As the recurrent flow of information about the first 

stimuli is interrupted, there is no awareness of it (Lamme et al., 2002).  

Using event-related potentials (ERPs), Fahrenfort et al. (2007) claim to have identified 

three stages of early visual processing. At the first stage (pre-110 ms) information is sent forward 

from higher to lower areas in the feedforward sweep. This stage is completely unconscious, and 

not affected by masking. In the second stage (post-110 ms) information is fed back to early visual 

areas (possibly V1) and is thought to become accessible to awareness. In the third stage (200-300 

ms), which is dependent on the two earlier stages, the recurrent processing between areas 

continues throughout the extrastriate cortex and beyond.  As mentioned, interactive models argue 

that it is the second stage is interrupted in backwards masking. In support of this, the study 

showed that when presented with masked stimuli as well as visible stimuli, there is indeed 

activation of extrastriate regions as would be expected from the feedforward sweep. However, 

later activation of  more posterior areas (possibly V1) was only present when the stimuli was 

visible (Fahrenfort et al., 2007). 

In conclusion, perceptual suppression studies provide support for both hierarchical and 

interactive models. Studies using binocular rivalry and motion-induced blindness to investigate 

how perceptual suppression correlates with V1 activity show inconsistent results, where 

measurement obtained through fMRI suggest a correlation, while measurements obtained by 

recording direct cell activity does not (Lee et al., 2005; Leopold & Logothetis, 1996; Libedinsky 

et al., 2009; Polonsky et al., 2000; Ress & Heeger, 2003).  

Masking paradigms provide more support for interactive models by showing that 

extrastriate activation is present both when stimuli is masked (and invisible) as well as when it is 
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seen (Fahrenfort et al., 2007; Kovács et al., 1995). Moreover, later activation of more posterior 

areas (possibly V1) was shown to occur only when the stimuli was visible (Fahrenfort et al., 

2007), suggesting that feedback to V1 might be necessary for awareness to arise, and that it is 

these feedback projections are interrupted when a stimulus is made invisible by a mask.  

Transcranial Magnetic Stimulation 

Another way of suppressing the visibility of a target is through transcranial magnetic 

stimulation (TMS). In TMS, a brief magnetic pulse is applied at the scalp. This pulse disrupts 

activity in the underlying neural structures where the pulse was administered (Breitmeyer, Ro, & 

Ogmen, 2004). TMS thus acts like a virtual lesion. For this reason, TMS allows researchers to 

investigate things such as the functional role of specific cortical regions, and the timing of which 

those regions contributes to a particular task (Pascual-Leone, Walsh, & Rothwell, 2000). 

Disruption of V1 activity 

As mentioned, Fahrenfort et al. (2007) seem to have identified three stages of early visual 

processing. The first (pre-110 ms) feedforward sweep, the second (post-110 ms) feedback stage 

to lower visual areas, and a third (200-300 ms) stage where the recurrent processing between 

areas continues throughout the extrastriate cortex and beyond. Their masking experiment 

suggested that it is the second and third stages that give rise to visual awareness and that it is 

these two stages that are interrupted in backwards masking. TMS studies where V1 has been 

disrupted seem to give further support for this. In fact, TMS over V1 only leads to perceptual 

suppression if the pulse is given within certain time-windows. Early effects on stimulus visibility 

can be seen if the pulse is administered 20 to 60 ms after the onset of a visual stimulus (Corthout, 

Uttl, Walsh, Hallett, & Cowey, 1999), suggesting that this is the first time that information about 

the stimuli reaches V1 through the initial feedforward stream. A second time window where TMS 
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renders the stimulus invisible appears at 110 ms (Corthout et al., 1999) and might instead reflect 

the disruption of the feedback projections to V1.  

In a similar effort to trace where and when the flow of information gives rise to 

awareness, Silvanto, Lavie and Walsh (2005) administered TMS over V1 or V5/MT during 

different time windows while subjects were performing a motion detection task. They managed 

to show two critical periods for V1 activity in disrupting motion awareness, one early that took 

place around 40 to 60 ms, and one late (80-100 ms). The critical period for V5/MT however, was 

shown to occur in-between the early and late V1 periods (60-80 ms). Stimulation of V5/MT 

during the critical periods of V1 had no effect on the task performance, neither had stimulation of 

V1 at the critical period of V5/MT. This result suggests that the first critical period of V1 

corresponds with the feedforward sweep when information first reaches V1, while the late critical 

period corresponds to the feedback projections from extrastriate areas to V1.  

Phosphenes 

TMS of the visual cortex can not only disrupt activity, but when given at a certain 

intensity, it can also generate conscious visual percepts in the form of phosphenes (Stewart, 

Walsh, & Hwell, 2001) which are perceptual experiences of seeing light, despite there not being 

any actual light entering the eyes (Mazzi, Mancini, & Savazzi, 2014). 

In a study by Pascual-Leone and Walsh (2001) TMS was administered over motion area 

V5/MT in healthy subjects, generating the perception of moving phosphenes. When a pulse 

(enough to interrupt activity, but not enough to create phosphenes) was administered over V1, 

directly after the V5/MT stimulation (10–40 ms), it however removed the perception of 

movement. Conversely, the same pulse given before V5/MT stimulation did not have any effect. 

Pascual-Leone and Walsh (2001) suggest that the TMS-pulse given directly after the V5/MT 

pulse disrupted the feedback-projections to V1 and thus disrupted awareness.  
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While the TMS-studies (as well as the masking experiment) reviewed above seem 

consistent with the notion that this late V1 activity (supposedly reflecting feedback projections) 

contribute to conscious experience, they fail to demonstrate that it has a direct role in producing 

it; it might be that they are important for visual perception in general, rather than just visual 

awareness (Silvanto, 2015). In fact, Koivisto, Mäntylä, and Silvanto (2010) investigated the 

necessity of these feedback projections to V1,  for both visual awareness and unaware visual 

perception. This was done by applying TMS over early visual cortex (V1/V2) during this “late” 

activity while having subjects preform a forced-choice task as well as rate their subjective 

experience. The logic behind this was that if the “late” period of activity in V1 is uniquely 

important to awareness, the TMS should only affect the subjective experience of the stimuli, 

leaving forced-choice performance unaffected (as in blindsight). Conversely, if the “late” activity 

in V1 is important for the processing of visual information in general, TMS should instead affect 

the performance of both tasks. The study showed that stimulating V1/V2 during this “late” period 

affected both the forced-choice task and the rating of subjective experience, suggesting that the 

“late” period of activity (feedback projections) is not uniquely important for visual awareness. 

Perception of phosphenes in V1 patients. If phosphenes would arise in the blind fields 

of patients with complete unilateral V1 destruction, it would suggest that V1 is not necessary to 

produce conscious visual percepts.  

Earlier attempts to stimulate V5/MT  in the damaged hemisphere have failed produce  

phosphenes in the blind field of GY (Cowey & Walsh, 2000; Silvanto et al., 2007). Interestingly 

however, a recent study by Mazzi et al. (2014) contradicts these findings. By stimulating the 

intraparietal sulcus (IPS) of the damage hemisphere they managed to create the perception of 

phosphenes in two blindsight patients with unilateral V1 destruction.  
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To make sure there were no spared islands of V1 in these patients that could have 

contributed to the conscious percepts, Mazzi et al. (2014) applied TMS over multiple sites of the 

lesion itself. However, as these stimulations failed to produce any phosphenes in the blind field, 

they concluded that there were no such spared islands within the lesion and that conscious visual 

percepts (in the form of phosphenes) can in fact arise without involvement of V1. 

 Apart from having visual percepts in their blind field, both patients were moreover able 

to draw these phosphenes, and ratings performed by the patients regarding their phenomenal 

characteristics, matched those of healthy controls. These findings by Mazzi et al. (2014) suggests 

that not only can TMS generate conscious visual percepts without the involvement of V1, but that 

these visual percepts are very similar to those experienced by healthy subjects. These results has 

also to some extent been replicated in an even more recent study from 2015 (Bagattini, Mazzi, & 

Savazzi, 2015). 

The reason behind why Mazzi et al. (2014) was successful in to generating phosphenes 

while earlier studies (Cowey & Walsh, 2000; Silvanto et al., 2007) were not, might lie in the fact 

that the site of stimulation were different. In the two earlier studies (Cowey & Walsh, 2000; 

Silvanto et al., 2007) the site of stimulation was V5/MT, while Mazzi et al. (2014) stimulated the 

IPS. As IPS is found further away from V1 compared to V5/MT, it is also more likely to receive 

information from several other areas other than V1, and might therefore be more likely to 

generate awareness (Mazzi et al., 2014).  

To conclude, TMS studies provide some support for both models. Studies that have used 

TMS to temporarily disrupt V1 activity seem to suggest two periods where V1 is critical for 

visual awareness of stimuli; one early and one late (Corthout et al., 1999; Pascual-Leone & 

Walsh, 2001; Silvanto, Lavie, et al., 2005). The early period is proposed to reflect the initial 

feedforward sweep, while the late period instead reflects feedback projections. Such studies are 
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consistent with interactive models as they show that disruption of not only the early (which is 

predicted by both models), but also the late period, impair awareness for stimuli.  

However, others (Silvanto, 2015) have suggested that these feedback projections might be 

important for visual processing in general rather than visual awareness, and subsequent studies 

have indeed shown that disrupting V1 affects not only the subjective experience, but also the 

subjects performance on a forced choice task (Koivisto et al., 2010). 

Moreover, two very recent studies (Bagattini et al., 2015; Mazzi et al., 2014) have 

managed to generate the perception of phosphenes in the blind field of two patients with V1 

lesions, providing substantial support for the hierarchical notion that visual awareness can in fact 

arise without the involvement of V1. 

Internally Generated Visual Awareness 

Also relevant for the discussion of visual awareness is other internally generated visual 

percepts such as dreams, hallucinations, and mental imagery.  

Studies measuring the activity during rapid eye movement (REM) sleep show that during 

REM-sleep, activity in V1 is highly suppressed while the extrastriate cortex show high activation. 

In contrast, slow-wave sleep instead show an opposite pattern (Braun et al., 1998). This is 

interesting because REM-sleep is considered to be the state where most vivid visual dreams occur 

(Dement & Kleitman, 1957), and it would then indicate that extrastriate, rather than V1 activity, 

correlates with visual awareness in dreams.  

Research on dreaming moreover shows that V1 patients with both unilateral and complete 

lesions continue to have visual dreams, while in contrast, loss of visual dreams are associated 

with lesions to the medial occipitotemporal region (Rees, 2001). Hemianopic patients has 

additionally been shown to experience visual hallucinations in their blind field (Kölmel, 1985) 

and the fact that these hallucinations appear in the blind field further supports the idea that 
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internally generated activity can produce phenomenal visual percepts even when V1 is absent 

(Stoerig, 2001). 

Several studies of mental imagery in healthy patients have reported a high involvement 

extrastriate visual areas, whereas the evidence for activity in primary visual cortex is much less 

consistent (Stoerig, 2001). In addition, patients with bilateral destruction of V1 have also been 

shown to be able to perform well on detailed imagery tasks (Zago et al., 2010), indicating that V1 

is not necessary for imagery. Studies using fMRI have further shown that when patients with 

bilateral destruction of V1 successfully imagine faces and houses, activation is seem in areas such 

as the fusiform face area (FFA) and the area associated with recognition of environmental scenes, 

the parahippocampal place area (PPA). No significant activity was however seen in V1 (Bridge, 

Harrold, Holmes, Stokes, & Kennard, 2012).  

In conclusion, several functional imaging studies appear to have found that internally 

generated visual percepts are associated extrastriate activation. In contrast, activation of V1/V2 

have been seen in some, but not all such studies (for a review, see Stoerig, 2001). Furthermore, 

patients with bilateral V1 destruction seem to have the ability to experience internally generated 

visual percepts in at least some cases (Rees, 2001; Stoerig, 2001).  

This seems to indicate that internally generated visual awareness can be dissociated from 

V1 activity, and thus provide support for hierarchical models. It should however be noted that 

internally generated percepts might differ from normal aspects of vision (Pascual-Leone & 

Walsh, 2001; Tong, 2003) and if so, awareness for internally generated and visually generated 

percepts may differ in the underlying neural correlates as well (Tong, 2003).  
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Discussion 

Thanks to research on the visual system of humans, complemented by research on animal 

models, a great deal is known about the processes involved in vision. However, the neural 

substrate of visual awareness is not yet completely understood.  

While a condition such as blindsight undeniably suggests a role for V1 in visual 

awareness, the exact role of this area is to this day still a matter of debate (Tong, 2003). 

Hierarchical models argue that, although V1 is crucial for providing necessary visual information 

and enrich visual experience and awareness (Ffytche & Zeki, 2011; Silvanto, 2008; Tong, 2003), 

it is not directly involved in generating awareness (Tong, 2003). Instead, the role of V1 is limited 

to sending information on to later “awareness dedicated” areas such as extrastriate areas (Zeki & 

Bartels, 1999) or the frontal cortex (Crick & Koch, 1995). Interactive models instead argue that 

V1 does have a critical and direct role in visual awareness, and suggest that it is the recurrent 

activity from later areas to V1 that is responsible for generating awareness (Lamme et al., 2000; 

Tong, 2003). These models have made different predictions and the aim of this thesis was to 

review the evidence from studies including lesions, perceptual suppression and TMS, along with 

data from internally generated visual awareness in dreams, hallucinations and imagery, to see if 

the evidence could favor one type of model over the other. 

Evidence in favor of interactive models was mainly found in studies using perceptual 

suppression, as well as in studies where awareness for visual stimuli is suppressed by disrupting 

V1 activity through TMS. For instance, interactive models have predicted that awareness of 

stimuli change should correlate with changes in V1 activity, while hierarchical models instead 

have proposed that such changes should occur independently (Tong, 2003). Perceptual 

suppression studies investigating such correlations have shown a discrepancy between results 

obtained by fMRI and results obtained from psychophysical recordings, where fMRI 
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investigations show a correlation whereas psychophysical recordings does not (Lee et al., 2005; 

Leopold & Logothetis, 1996; Libedinsky et al., 2009; Polonsky et al., 2000; Ress & Heeger, 

2003). While some have speculated that this discrepancy might be more consistent with 

interactive models (Maier et al., 2008), further research is needed before it can be stated with any 

certainty, and as a result it is hard to draw any conclusions based on these studies. 

More convincing evidence in support for interactive models was instead found in 

perceptual suppression studies that used masking. These studies showed two stages of activation 

for area V1 during visual processing, one early (supposedly reflecting the initial feedforward 

sweep), and one late. This late activation, thought to reflect feedback projection to V1, was 

moreover shown to occur only when the stimuli was visible (Fahrenfort et al., 2007), suggesting 

that feedback to V1 might in fact be necessary for awareness to arise. 

This feedback theory of interactive models gained additional support from TMS 

suppression studies which showed that stimuli can be rendered invisible if a TMS pulse is given 

over V1 during this late stage (Corthout et al., 1999). Disrupting activity during this stage 

furthermore appears to impair awareness of both real life motion (Silvanto, Cowey, Lavie, & 

Walsh, 2005) as well as the motion of phosphenes (Silvanto, Cowey, et al., 2005). 

While the TMS and masking studies discussed above seem consistent with the notion that 

this late activity (supposedly reflecting feedback projections) contributes to conscious 

experience, they fail to demonstrate that they are critical, or have a direct role in producing it; it 

might instead be that they are important for visual perception in general, rather than just visual 

awareness (Silvanto, 2015). In accordance with this, later studies seem to suggest that this 

feedback activation is important for unconscious processing as well (Koivisto et al., 2010).  

Another issue for interactive models is their inability to explain how visual percepts can 

occur when V1 is absent. While Lesions to V1 generally leads to disruptions of visual awareness, 
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there are however cases where V1 patients do report awareness for certain stimuli presented to 

their blind field (Barbur et al., 1993; Ffytche & Zeki, 2011; Stoerig & Barth, 2001).  

While patients such as GY claims to be aware of something happening in his blind field, 

he has been reluctant to call this experience “visual qualia” or “seeing” (Morland et al., 1999; 

Persaud & Lau, 2008). This has lead others to question the visual nature of reported awareness 

(Cowey, 2010; Pascual-Leone & Walsh, 2001) and if the reported experiences might in fact be 

non-visual and better described as “a feeling that something happened”.  However, the fact that 

researchers have been able to successfully produce images that patients claim match what they 

perceive in their blind field (Stoerig & Barth, 2001) and  that patients in some cases have been 

able to verbally report, as well as draw their experiences (Ffytche & Zeki, 2011), seems to 

suggest that the awareness is truly visual in nature. 

Moreover, two very recent studies (Bagattini et al., 2015; Mazzi et al., 2014) have 

managed to show that patients with V1 lesions are able to perceive visual percepts in the form of 

phosphenes in their blind field by stimulating IPS directly with TMS. Whereas the nature of 

awareness in some of these earlier studies can be questioned, it is hard to argue against the visual 

nature of phosphenes.  

Studies on other internally generated percepts, such as visual hallucinations, imagery, and 

dreams, seem to further indicate that visual awareness in some cases can be dissociated from V1 

activity, and thus provide additional support for hierarchical models. 

Some have however suggested that internally generated percepts might in many ways 

differ from normal aspects of vision (Pascual-Leone & Walsh, 2001; Tong, 2003) and perhaps in 

the underlying neural correlates as well (Tong, 2003). If this were to be the case, it might explain 

why studies using  TMS on V1 patients succeed in creating internally generated percepts in form 

of phosphenes (Bagattini et al., 2015; Mazzi et al., 2014) while real visual stimuli often fail in 
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producing any visual percepts at all (e.g., Goebel et al., 2001; Stoerig et al., 2002; Weiskrantz et 

al., 1974). However, this explanation fails to explain why awareness for moving phosphenes can 

be disrupted when stimulating V1 after V5 (Pascual-Leone & Walsh, 2001). If awareness for 

internally generated percepts (in this case: phosphenes) would have a different neural correlate 

that does not depend on V1, then stimulation of V1 should not affect perception of the 

phosphenes at all. Whether awareness for internally generated visual percepts relies on different 

neural correlates than normal vison is not yet known, and more research is needed before such an 

assumption is made. Furthermore, this explanation is still unable to explain why several studies 

seem to indicate that V1 patients can be aware of, not only internally generated percepts, but 

normal visual stimuli as well (Barbur et al., 1993; Ffytche & Zeki, 2011; Stoerig & Barth, 2001). 

The evidence reviewed here instead seems to support the notion that feedback projections 

to V1 might greatly contribute to both visual awareness and normal visual processing (Koivisto 

et al., 2010) and because of this is necessary for awareness to arise in most cases. However, the 

fact that conscious visual percepts have been shown to arise without any involvement of V1 

(Bagattini et al., 2015; Ffytche & Zeki, 2011; Mazzi et al., 2014; Stoerig & Barth, 2001) suggest 

that this area is not likely to be either necessary or directly involved in producing visual 

awareness.  

 The reason behind why V1 lesions leads to a loss of visual awareness may be that the 

information to higher “awareness dedicated” areas is disrupted, as suggested by the hierarchical 

models (Tong, 2003). And that the extrastriate activity seen in V1 patients (Barbur et al., 1993; 

Goebel et al., 2001; Holliday et al., 1997), presumably deriving from subcortical pathways, is not 

always strong enough to produce awareness (Leopold, 2012; Silvanto, 2008). This might also 

explain why direct stimulation to higher areas (Bagattini et al., 2015; Mazzi et al., 2014) is able 

to produce visual percepts while visual stimuli often does not. An interesting observation relating 
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to this can be found in a study by Goebel et al. (2001) where GY, compared to another blindsight 

patient, showed stronger activation in extrastriate areas when presented with stimuli and 

interestingly also made some reports of having awareness of stimuli change. In contrast to GY, 

the patient that showed less extrastriate activity gave no reports of any awareness. While this is 

only an isolated observation, it might be interesting for future research to look at the relationship 

between the strength of activity in extrastriate areas and differences in reported awareness. 

Conclusion 

While lesions to V1 suggest a role for V1 in visual awareness, they do not tell us whether 

this area is critical and directly involved in generating awareness, or if its role is limited to 

sending the necessary information on to later ‘awareness dedicated’ areas. While V1 may 

contribute greatly to conscious experience, both by providing the necessary information via the 

feedforward sweep, as well as by recurrent loops with later visual areas, the evidence reviewed 

here seem suggest that this area is neither necessary nor have a causal role in producing visual 

awareness. This conclusion is mainly based on the evidence suggesting that visual awareness can 

arise even in cases where V1 is absent. All in all, current evidence seems to support a 

hierarchical, rather than interactive view, of the involvement of V1 in visual awareness. 

However, additional research is needed in order to gain further understanding of the functions of 

this area, as well as its contributions to visual awareness. 



PRIMARY VISUAL CORTEX AND AWARENESS 43 

 

References 

Bagattini, C., Mazzi, C., & Savazzi, S. (2015). Waves of awareness for occipital and parietal 

phosphenes perception. Neuropsychologia, 70, 114–125. 

doi:10.1016/j.neuropsychologia.2015.02.021 

Barbur, J. L., Watson, J. D., Frackowiak, R. S., & Zeki, S. (1993). Conscious visual perception 

without V1. Brain, 116(6), 1293–1302. doi:10.1093/brain/116.6.1293 

Beckers, G., & Zeki, S. (1995). The consequences of inactivating areas V1 and V5 on visual 

motion perception. Brain : A Journal of Neurology, 118, 49–60. doi:10.1093/brain/118.1.49 

Berman, R. A., & Wurtz, R. H. (2010). Functional identification of a pulvinar path from superior 

colliculus to cortical area MT. The Journal of Neuroscience : The Official Journal of the 

Society for Neuroscience, 30(18), 6342–6354. doi:10.1523/JNEUROSCI.6176-09.2010 

Blake, R., & Logothetis, N. K. (2002). Visual competition. Nature Reviews. Neuroscience, 3(1), 

13–21. doi:10.1038/nrn701 

Block, N. (1980). Are absent qualia impossible? Philosophical Review, 89(2), 257–274. 

doi:10.2307/2184650 

Bodis-Wollner, I., Atkin, A., Raab, E., & Wolkstein, M. (1977). Visual association cortex and 

vision in man: pattern-evoked occipital potentials in a blind boy. Science, 198(4317), 629–

631. doi:10.1126/science.918658 

Braun, A. R., Balkin, T. J., Wesensten, N. J., Gwadry, F., Carson, R. E., Varga, M., … 

Herscovitch, P. (1998). Dissociated pattern of activity in visual cortices and their projections 

during human rapid eye movement sleep. Science (New York, N.Y.), 279(5347), 91–95. 

doi:10.1126/science.279.5347.91 



PRIMARY VISUAL CORTEX AND AWARENESS 44 

 

Breitmeyer, B. G., & Ogmen, H. (2000). Recent models and findings in visual backward 

masking: a comparison, review, and update. Perception & Psychophysics, 62(8), 1572–

1595. doi:10.3758/BF03212157 

Breitmeyer, B. G., Ro, T., & Ogmen, H. (2004). A comparison of masking by visual and 

transcranial magnetic stimulation: Implications for the study of conscious and unconscious 

visual processing. Consciousness and Cognition, 13(4), 829–843. 

doi:10.1016/j.concog.2004.08.007 

Bridge, H., Harrold, S., Holmes, E. a., Stokes, M., & Kennard, C. (2012). Vivid visual mental 

imagery in the absence of the primary visual cortex. Journal of Neurology, 259(6), 1062–

1070. doi:10.1007/s00415-011-6299-z 

Bullier, J. (2002). Neural basis of vision. In H. Pashler & S. Yantis (Eds.), steven’s handbook of 

experimental psychology: vol 1 sensation and perception (3rd ed.). New York: wiley. 

Capurro, A., & Quiroga, R. Q. (2009). Neural Correlates of Perceptual Awareness. Clinical 

Neurophysiology, 120(0). doi:10.1016/j.clinph.2008.07.062 

Casagrande, V. A. (1994). A third parallel visual pathway to primate area V1. Trends in 

Neurosciences. doi:10.1016/0166-2236(94)90065-5 

Casagrande, V. A., & Xu, X. (2004). Parallel visual pathways: a comparative perspective. In L. 

M. Chalupa & J. S. Werner (Eds.), The Visual Neurosciences (pp. 494–506). Cambridge: 

MIT Press. 

Corthout, E., Uttl, B., Walsh, V., Hallett, M., & Cowey, A. (1999). Timing of activity in early 

visual cortex as revealed by transcranial magnetic stimulation, 10(12), 2631–2634. 

Retrieved from http://eprints.ucl.ac.uk/4376/ 

Cowey, A. (2010). The blindsight saga. Experimental Brain Research, 200, 3–24. 

doi:10.1007/s00221-009-1914-2 



PRIMARY VISUAL CORTEX AND AWARENESS 45 

 

Cowey, A., & Stoerig, P. (1995). Blindsight in monkeys. Nature, 373(1), 247–249. 

doi:10.1038/373247a0 

Cowey, A., & Walsh, V. (2000). Magnetically induced phosphenes in sighted, blind and 

blindsighted observers. Neuroreport, 11(14), 3269–3273. doi:10.1097/00001756-

200009280-00044 

Crick, F., & Koch, C. (1995). Are we aware of neural activity in primary visual cortex? Nature. 

doi:10.1038/375121a0 

Crick, F., & Koch, C. (1998). Consciousness and neuroscience. Cerebral Cortex, 8, 97–107. 

doi:10.1093/cercor/8.2.97 

De Gelder, B., Tamietto, M., van Boxtel, G., Goebel, R., Sahraie, A., van den Stock, J., … Pegna, 

A. (2008). Intact navigation skills after bilateral loss of striate cortex. Current Biology, 

18(24), 1128–1129. doi:10.1016/j.cub.2008.11.002 

De Gelder, B., Vroomen, J., Pourtois, G., & Weiskrantz, L. (1999). Non-conscious recognition of 

affect in the absence of striate cortex. Neuroreport, 10(18), 3759–3763. 

doi:10.1097/00001756-199912160-00007 

Dement, W., & Kleitman, N. (1957). The relation of eye movements during sleep to dream 

activity:  an objective method for the study of dreaming. Journal of Experimental 

Psychology, 53(5), 339–346. doi:10.1037/h0048189 

Dennett, D. C. (1988). Quining Qualia. In A. J. Marcel & E. Bisiach (Eds.), Consciousness in 

contemporary science. Oxford University Press. doi:10.1017/S0012217300012257 

Fahrenfort, J. J., Scholte, H. S., & Lamme, V. A. F. (2007). Masking disrupts reentrant 

processing in human visual cortex. Journal of Cognitive Neuroscience, 19(9), 1488–1497. 

doi:10.1162/jocn.2007.19.9.1488 



PRIMARY VISUAL CORTEX AND AWARENESS 46 

 

Felleman, D. J., & Van Essen, D. C. (1991). Distributed hierarchical processing in the primate 

cerebral cortex. Cerebral Cortex, 1, 1–47. doi:10.1093/cercor/1.1.1 

Fendrich, R., Wessinger, C. M., & Gazzaniga, M. S. (1992). Residual vision in a scotoma: 

implications for blindsight. Science, 258(5087), 1489–1491. doi:10.1126/science.1439839 

Ffytche, D. H., & Zeki, S. (2011). The primary visual cortex, and feedback to it, are not 

necessary for conscious vision. Brain, 134, 247–257. doi:10.1093/brain/awq305 

Gallant, J. L., Shoup, R. E., & Mazer, J. a. (2000). A human extrastriate area functionally 

homologous to macaque V4. Neuron, 27, 227–235. doi:10.1016/S0896-6273(00)00032-5 

Gazzaniga, M. S., Ivry, R. B., & Mangun, G. R. (2009). Cognitive Neuroscience The Biology of 

the Mind (3rd ed.). New York: W. W. Norton & Company, Inc. 

Goebel, R., Muckli, L., Zanella, F. E., Singer, W., & Stoerig, P. (2001). Sustained extrastriate 

cortical activation without visual awareness revealed by fMRI studies of hemianopic 

patients. Vision Research, 41(10-11), 1459–1474. doi:10.1016/S0042-6989(01)00069-4 

Gur, M., & Snodderly, D. M. (1997). A dissociation between brain activity and perception: 

Chromatically opponent cortical neurons signal chromatic flicker that is not perceived. 

Vision Research, 37(4), 377–382. doi:10.1016/S0042-6989(96)00183-6 

Haynes, J.-D., & Rees, G. (2005). Predicting the orientation of invisible stimuli from activity in 

human primary visual cortex. Nature Neuroscience, 8(5), 686–691. doi:10.1167/5.8.221 

He, S., & MacLeod, D. I. (2001). Orientation-selective adaptation and tilt after-effect from 

invisible patterns. Nature, 411(6836), 473–476. doi:Doi 10.1038/35078072 

Hendry, S. H., & Reid, R. C. (2000). The koniocellular pathway in primate vision. Annual 

Review of Neuroscience, 23, 127–153. doi:10.1146/annurev.neuro.23.1.127 



PRIMARY VISUAL CORTEX AND AWARENESS 47 

 

Holliday, I. E., Anderson, S. J., & Harding, G. F. a. (1997). Magnetoencephalographic evidence 

for non-geniculostriate visual input to human cortical area V5. Neuropsychologia, 35(8), 

1139–1146. doi:10.1016/S0028-3932(97)00033-X 

Holt, N., Bremner, A., Sutherland, E., Vliek, M., Passer, M., & Smith, R. (2012). Psychology The 

Science of Mind and Behaviour (2nd ed.). Maidenhead: McGraw-Hill. 

Hubel, D. H., & Wiesel, T. N. (1977). Functional architecture of macaque monkey visual cortex. 

Proceedings of the Royal Society B: Biological Sciences, 198(1130), 1–59. 

Humphrey, N. K. (1974). Vision in a monkey without striate cortex: a case study, 3(1957). 

Retrieved from http://cogprints.org/1757/ 

Jackson, F. (1982). Epiphenomenal Qualia. The Philosophical Quarterly, 32(127), 1982. 

doi:10.2307/2960077 

Juan, C.-H., & Walsh, V. (2003). Feedback to V1: a reverse hierarchy in vision. Experimental 

Brain Research. Experimentelle Hirnforschung. Experimentation Cerebrale, 150, 259–263. 

doi:10.1007/s00221-003-1478-5 

Kanwisher, N., McDermott, J., & Chun, M. M. (1997). The fusiform face area: a module in 

human extrastriate cortex specialized for face perception. The Journal of Neuroscience : The 

Official Journal of the Society for Neuroscience, 17(11), 4302–4311. 

doi:10.1098/Rstb.2006.1934 

Koivisto, M., Mäntylä, T., & Silvanto, J. (2010). The role of early visual cortex (V1/V2) in 

conscious and unconscious visual perception. NeuroImage, 51(2), 828–834. 

doi:10.1016/j.neuroimage.2010.02.042 

Kovács, G., Vogels, R., & Orban, G. a. (1995). Cortical correlate of pattern backward masking. 

Proceedings of the National Academy of Sciences of the United States of America, 92(12), 

5587–5591. doi:10.1073/pnas.92.12.5587 



PRIMARY VISUAL CORTEX AND AWARENESS 48 

 

Kölmel, H. W. Complex visual hallucinations in the hemianopic field., 48 Journal of neurology, 

neurosurgery, and psychiatry 29–38 (1985). doi:10.1136/jnnp.48.1.29 

Lamme, V. A. F. (2001). Blindsight: The role of feedforward and feedback cortical connections. 

Acta Psychologia, 107, 209–228. 

Lamme, V. A. F., & Roelfsema, P. R. (2000). The distinct modes of vision offered by 

feedforward and recurrent processing. Trends in Neurosciences, 23(11), 571–579. 

doi:10.1016/S0166-2236(00)01657-X 

Lamme, V. A. F., Supèr, H., Landman, R., Roelfsema, P. R., & Spekreijse, H. (2000). The role of 

primary visual cortex (V1) in visual awareness. Vision Research, 40, 1507–1521. 

doi:10.1016/s0042-6989(99)00243-6 

Lamme, V. A. F., Zipser, K., & Spekreijse, H. (2002). Masking interrupts figure-ground signals 

in V1. Journal of Cognitive Neuroscience, 14(7), 1044–1053. doi:10.1167/1.3.32 

Lee, S.-H., Blake, R., & Heeger, D. J. (2005). Travelling waves of activity on primary visual 

cortex during binocular rivalry. Nature Neuroscience, 8(1), 22–23. doi:10.1038/nn1365 

Leopold, D. A. (2012). Primary visual cortex: awareness and blindsight. Annual Review of 

Neuroscience, 35, 91–109. doi:10.1146/annurev-neuro-062111-150356 

Leopold, D. A., & Logothetis, N. K. (1996). Activity changes in early visual cortex reflect 

monkeys’ percepts during binocular rivalry. Nature. doi:10.1038/379549a0 

Libedinsky, C., Savage, T., & Livingstone, M. (2009). Perceptual and physiological evidence for 

a role for early visual areas in motion-induced blindness. Journal of Vision, 9(1), 14.1–10. 

doi:10.1167/9.1.14 

Livingstone, M. S., & Hubel, D. H. (1988). Segregation of form, color, movement, and depth: 

anatomy, physiology, and perception. Science, 240(4853), 740–749. 

doi:10.1126/science.3283936 



PRIMARY VISUAL CORTEX AND AWARENESS 49 

 

Maier, A., Wilke, M., Aura, C., Zhu, C., Ye, F. Q., & Leopold, D. A. (2008). Divergence of 

fMRI and neural signals in V1 during perceptual suppression in the awake monkey. Nature 

Neuroscience, 11(10), 1193–1200. doi:10.1038/nn.2173 

Martinez-Conde, S., Macknik, S. L., & Hubel, D. H. (2000). Microsaccadic eye movements and 

firing of single cells in the striate cortex of macaque monkeys. Nat Neurosci, 3(3), 251–258. 

doi:10.1038/72961 

Mazzi, C., Mancini, F., & Savazzi, S. (2014). Can IPS reach visual awareness without V1 ? 

Evidence from TMS in healthy subjects and hemianopic patients. Neuropsychologia, 64, 

134–144. doi:10.1016/j.neuropsychologia.2014.09.026 

Morland, A. B., Jones, S. R., Finlay, A. L., Deyzac, E., Le, S., & Kemp, S. (1999). Visual-

Perception of Motion, Luminance and Color in a Human Hemianope. Brain, 122(JUN), 

1183–1198. 

Nagel, T. (1974). What Is It Like to Be a Bat. Philosophical Review, 83(4), 435–450. 

doi:10.2307/2183914 

Newsome, W. T., & Pare, E. B. (1988). A selective impairment of motion perception following 

lesions of the middle temporal visual area (MT). The Journal of Neuroscience, 8(6), 2201–

2211. Retrieved from http://www.jneurosci.org/content/8/6/2201 

Pascual-Leone, A., & Hamilton, R. (2001). The metamodal organization of the brain. In Progress 

in Brain Research (Vol. 134, pp. 427–445). doi:10.1016/S0079-6123(01)34028-1 

Pascual-Leone, A., & Walsh, V. (2001). Fast backprojections from the motion to the primary 

visual area necessary for visual awareness. Science, 292(5516), 510–512. 

doi:10.1126/science.1057099 



PRIMARY VISUAL CORTEX AND AWARENESS 50 

 

Pascual-Leone, A., Walsh, V., & Rothwell, J. (2000). Transcranial magnetic stimulation in 

cognitive neuroscience--virtual lesion, chronometry, and functional connectivity. Current 

Opinion in Neurobiology, 10(2), 232–237. doi:10.1016/S0959-4388(00)00081-7 

Perenin, M. T. (1991). Discrimination of motion direction in perimetrically blind fields. 

Neuroreport, 2(7), 397–400. doi:10.1097/00001756-199107000-00011 

Persaud, N., & Lau, H. (2008). Direct assessment of qualia in a blindsight participant. 

Consciousness and Cognition, 17, 1046–1049. doi:10.1016/j.concog.2007.10.001 

Pollen, D. (1999). On the neural correlates of visual perception. Cerebral Cortex, 4–19. 

doi:10.1093/cercor/9.1.4 

Polonsky, A., Blake, R., Braun, J., & Heeger, D. J. (2000). Neuronal activity in human primary 

visual cortex correlates with perception during binocular rivalry. Nature Neuroscience, 3, 

1153–1159. doi:10.1038/80676 

Preuss, T. M., Qi, H., & Kaas, J. H. (1999). Distinctive compartmental organization of human 

primary visual cortex. Proceedings of the National Academy of Sciences of the United States 

of America, 96(20), 11601–11606. doi:10.1073/pnas.96.20.11601 

Rees, G. (2001). Neuroimaging of visual awareness in patients and normal subjects. Current 

Opinion in Neurobiology, 11, 150–156. doi:10.1016/S0959-4388(00)00190-2 

Rees, G., Kreiman, G., & Koch, C. (2002). Neural correlates of consciousness in humans. Nature 

Reviews. Neuroscience, 3(April), 261–270. doi:10.1038/nrn783 

Ress, D., & Heeger, D. J. (2003). Neuronal correlates of perception in early visual cortex. Nature 

Neuroscience, 6(4), 414–420. doi:10.1038/nn1024 

Rodman, H. R., Gross, C. G., & Albright, T. D. (1989). Afferent basis of visual response 

properties in area MT of the macaque. I. Effects of striate cortex removal. The Journal of 

Neuroscience : The Official Journal of the Society for Neuroscience, 9(6), 2033–2050. 



PRIMARY VISUAL CORTEX AND AWARENESS 51 

 

Schmid, M. C., Mrowka, S. W., Turchi, J., Saunders, R. C., Wilke, M., Peters, A. J., … Leopold, 

D. A. (2010). Blindsight depends on the lateral geniculate nucleus. Nature, 466(7304), 373–

377. doi:10.1038/nature09179 

Silvanto, J. (2008). A re-evaluation of blindsight and the role of striate cortex (V1) in visual 

awareness. Neuropsychologia, 46, 2869–2871. doi:10.1016/j.neuropsychologia.2008.04.014 

Silvanto, J. (2014). Is primary visual cortex necessary for visual awareness? Trends in 

Neurosciences, 37(11), 618–619. doi:10.1016/j.tins.2014.09.006 

Silvanto, J. (2015). Why is “blindsight” blind? A new perspective on primary visual cortex, 

recurrent activity and visual awareness. Consciousness and Cognition, 32, 15–32. 

doi:10.1016/j.concog.2014.08.001 

Silvanto, J., Cowey, A., Lavie, N., & Walsh, V. (2005). Striate cortex (V1) activity gates 

awareness of motion. Nature Neuroscience, 8(2), 143–144. doi:10.1038/nn1379 

Silvanto, J., Cowey, A., Lavie, N., & Walsh, V. (2007). Making the blindsighted see. 

Neuropsychologia, 45(14), 3346–50. doi:10.1016/j.neuropsychologia.2007.06.008 

Silvanto, J., Lavie, N., & Walsh, V. (2005). Double dissociation of V1 and V5/MT activity in 

visual awareness. Cerebral Cortex, 15(11), 1736–1741. doi:10.1093/cercor/bhi050 

Stewart, L., Walsh, V. R., & Hwell, J. C. (2001). Motor and phosphene thresholds: a TMS 

correlation study, 39, 415–419. Retrieved from http://eprints.ucl.ac.uk/4286/ 

Stoerig, P. (2001). The neuroanatomy of phenomenal vision: a psychological perspective. Annals 

of the New York Academy of Sciences, 929, 176–194. 

Stoerig, P., & Barth, E. (2001). Low-level phenomenal vision despite unilateral destruction of 

primary visual cortex. Consciousness and Cognition, 10, 574–587. 

doi:10.1006/ccog.2001.0526 



PRIMARY VISUAL CORTEX AND AWARENESS 52 

 

Stoerig, P., & Cowey, A. (1992). Wavelength discrimination in blindsight. Brain : A Journal of 

Neurology, 115 ( Pt 2, 425–444. doi:10.1093/brain/115.2.425 

Stoerig, P., & Cowey, A. (1997). Blindsight in man and monkey. Brain, 120, 535–559. 

doi:10.1093/brain/120.3.535 

Stoerig, P., & Cowey, A. (2007). Blindsight. Current Biology, 17(19), R822–4. 

doi:10.1016/j.cub.2007.07.016 

Stoerig, P., Zontanou, A., & Cowey, A. (2002). Aware or unaware: assessment of cortical 

blindness in four men and a monkey. Cerebral Cortex (New York, N.Y. : 1991), 12, 565–

574. 

Striemer, C. L., Chapman, C. S., & Goodale, M. a. (2009). “Real-time” obstacle avoidance in the 

absence of primary visual cortex. Proceedings of the National Academy of Sciences of the 

United States of America, 106, 15996–16001. doi:10.1073/pnas.0905549106 

Tong, F. (2003). Primary visual cortex and visual awareness. Nature Reviews. Neuroscience, 

4(3), 219–229. doi:10.1038/nrn1055 

Ungerleider, L. G., & Mishkin, M. (1982). Two cortical visual systems. In D. J. Ingle, M. a 

Goodale, & R. J. W. Mansfield (Eds.), Analysis of Visual Behaviour (pp. 549–586). 

Cambridge: MIT Press. 

Walsh, V., & Butler, S. R. (1996). Different ways of looking at seeing. Behavioural Brain 

Research, 76(1-2), 1–3. doi:10.1016/0166-4328(96)00189-1 

Van Essen, D. C., Newsome, W. T., Maunsell, J. H. R., & Bixby, J. L. (1986). The projections 

from striate cortex (V1) to areas V2 and V3 in the macaque monkey: asymmetries, areal 

boundaries, and patchy connections. Journal of Comparative Neurology, 244(4), 451–480. 

Vanhaudenhuyse, A., Demertzi, A., Schabus, M., Noirhomme, Q., Bredart, S., Boly, M., … 

Laureys, S. (2011). Two distinct neuronal networks mediate the awareness of environment 



PRIMARY VISUAL CORTEX AND AWARENESS 53 

 

and of self. Journal of Cognitive Neuroscience, 23(3), 570–578. 

doi:10.1162/jocn.2010.21488 

Watanabe, M., Cheng, K., Murayama, Y., Ueno, K., Asamizuya, T., Tanaka, K., & Logothetis, 

N. K. (2011). Attention But Not Awareness Modulates the BOLD Signal in the Human V1 

During Binocular Suppression. Science, 334(6057), 829–831. doi:10.1126/science.1203161 

Weiskrantz, L. (1996). Blindsight revisited. Current Opinion in Neurobiology, 6, 215–220. 

doi:10.1016/S0959-4388(96)80075-4 

Weiskrantz, L., Warrington, E. K., Sanders, M. D., & Marshall, J. (1974). Visual capacity in the 

hemianopic field following a restricted occipital ablation. Brain : A Journal of Neurology, 

97, 709–728. doi:10.1093/brain/97.1.709 

Wessinger, C. M., Fendrich, R., Ptito, A., Villemure, J. G., & Gazzaniga, M. S. (1996). Residual 

vision with awareness in the field contralateral to a partial or complete functional 

hemispherectomy. Neuropsychologia, 34(11), 1129–1137. doi:10.1016/0028-

3932(96)00023-1 

Xu, X., Ichida, J. M., Allison, J. D., Boyd, J. D., Bonds, A. B., & Casagrande, V. A. (2001). A 

comparison of koniocellular, magnocellular and parvocellular receptive field properties in 

the lateral geniculate nucleus of the owl monkey (Aotus trivirgatus). Journal of Physiology, 

531(1), 203–218. doi:10.1111/j.1469-7793.2001.0203j.x 

Zago, S., Corti, S., Bersano, A., Baron, P., Conti, G., Ballabio, E., … Bresolin, N. (2010). A 

cortically blind patient with preserved visual imagery. Cognitive and Behavioral 

Neurology : Official Journal of the Society for Behavioral and Cognitive Neurology, 23(1), 

44–48. doi:10.1097/WNN.0b013e3181bf2e6e 

Zangwill, O. L., & Gregory, R. L. (1987). The oxford companinon to the mind (1st ed.). Oxford 

Universtity Press. 



PRIMARY VISUAL CORTEX AND AWARENESS 54 

 

Zeki, S. (1973). Colour coding in rhesus monkey prestriate cortex. Brain Research, 53, 422–427. 

doi:10.1016/0006-8993(73)90227-8 

Zeki, S., & Bartels, a. (1999). Toward a theory of visual consciousness. Consciousness and 

Cognition, 8, 225–259. doi:10.1006/ccog.1999.0390 

Zeki, S., Watson, J. D., Lueck, C. J., Friston, K. J., Kennard, C., & Frackowiak, R. S. (1991). A 

direct demonstration of functional specialization in human visual cortex. The Journal of 

Neuroscience, 11(March), 641–649. doi:10.1.1.211.5726 

Zihl, D., Von Cramon, D., & Mai, N. (1983). Selective Disturbance of Movement. Brain, 106(2), 

313–340. 

 

 

 

 

 

 

 


