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Conscious experience is an essential part of normal human life and
interaction with the environment. Yet the nature of consciousness and
conscious perception remains a mystery. Because of its subjective nature,
consciousness has been difficult to investigate scientifically, but clues have
been gained through studies involving patients with cortical lesions. Since
the beginning of the 1990s, the development of event-related fMRI has
provided insights into aspects of conscious perception in control subjects
and patients with cortical lesions by correlating awareness and performance
with neural activity during visual tasks. This article reviews how recent
research has advanced understanding of conscious perception, its relation-
ship to neural activity and visual performance, and how this relationship can
be altered by visual dysfunction. It also presents what recent research
indicates about how conscious awareness of vision might be represented at
a neural level in the central nervous system.

Concepts of conscious visual perception

The neural pathways concerned with processing visual information from
an external stimulus begin in the retina and carry neurally encoded visual
information to a widespread cortical network. More than 30 cortical areas
in the primate brain contain neurons responsive to visual information [1],
each of these areas selectively engaged by distinct aspects of visual
information (eg, edges, shapes, or color). Ventral pathways in temporal
cortex encode complex attributes mediating object recognition, whereas
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dorsal pathways in parietal cortex encode spatial attributes affording action.
Conscious experience of vision must be derived in some way from the visual
information processed in these distributed areas, yet how does neural
activity in these areas correspond to what is consciously perceived and to
awareness of one’s visual surroundings? Somehow, some ‘‘binding’’ mech-
anisms must unify this distributed information into coherent percepts of
objects and places.

Conscious perception may be a graded phenomenon, a function of the
quality of perceptual information carried by neurons. Farah and Feinberg
[2] argue that neural networks do not code information in an all-or-none
manner, and only robust or coherent perceptual signals can generate
conscious awareness. Thus, there is a threshold level of perceptual in-
formation required before a percept accesses consciousness [2,3].

Current concepts of the substrate of consciousness include proposals that
(1) a single brain area ‘‘contains’’ conscious perception; (2) conscious per-
ception is generated in a brain system or pathway; (3) conscious experience
is generated by synchronized activity across multiple brain regions [4,5];
(4) consciousness is spread over several brain regions in which each area
generates distinct mental contents (eg, a modality of vision such as motion
or color) [6,7]; (5) conscious experience is generated by integration of
information in a common neural ‘‘workspace’’ [8,9]; (6) conscious
experience is highly dependent on feedback pathways; and (7) conscious
experience arises when laws of sensorimotor contingency are fulfilled [10].

The simplest view is that a specific cortical area, or a subset of cortical
areas such as the parietal lobes [11,12] or frontal lobes [13], is central to
conscious perception. According to this view, a cortical area receives sensory
information, probably from several cortical areas, and activity in this center
is critical for generating conscious experience. Taylor [12] argues that the
parietal lobes are important because of the input of body (self-awareness)
and sensory information. He suggests that inferior parietal cortex might be
involved directly in the generation of a ‘‘central representation’’ in which the
‘‘fusion of sensory activity, body positions, salience and intentionality for
future planning’’ are performed. Driver and Vuilleumier [11,14] suggest that
parietal areas may constitute a cross-modal and sensorimotor interface
representing the location of relevant targets for action, imposing feedback
modulations on sensory processing that can determine the content of
awareness and maintain this content over short-delay periods and changes
in body/eye position. Crick and Koch [13] argue that conscious perception is
likely to arise in, or be associated with, sites that have access to specific
perceptual information from higher cortical areas and are connected directly
to areas involved in planning and executing actions in response to sensory
information. They emphasize the prefrontal cortex as potentially playing an
important role in conscious visual experience.

Alternatively, a single system could be responsible for conscious per-
ception, although this might not be its exclusive function. Gazzaniga [15]
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emphasizes the importance of the language-related mechanisms of the left
hemisphere in mediating conscious perception, as conscious experience often
is expressed through language.

Others contend that conscious perception may not be limited to a single
cerebral region but is distributed across several brain areas. Conscious
perception may be generated by integrated activity across several brain
areas, for example through synchronous neural activity [4,5,16]. In the
visual system, synchronous activity over multiple modality-specific cortical
areas (eg, V4 for color and V5 for motion) are bound together in a single
percept. This theory was developed, in part, to account for the perceptual
binding problem [5] and has received support from animal studies using
multineuron recording [5].

Alternatively, each modality-specific area, for example V5 for motion,
may generate a ‘‘microconsciousness’’ according to its functional special-
ization [6,7] and it is the accumulation and integration of many micro-
consciousnesses that constitute conscious awareness [7]. Zeki and Bartels [6]
and Zeki [7] argue that synchrony is not necessary for conscious experience,
as the poststimulus latency for activity in modality-specific cortical areas
can be different for different modalities [17].

The global workspace theory [8,9] ascribes conscious experience to
a large-scale neuronal network that has access to information across dis-
tributed brain regions. Through this workspace, visual information is inte-
grated across proximal or disparate cortical regions into a single coherent
percept [8,9], and availability of information to various functional systems
(action, language, and so forth) constitutes the basis of a unified conscious
experience.

Recently, attention has been given to the importance of feedback
pathways, in addition to feedforward connections, in conscious perception
[11,14,18,19]. Pascual-Leone and Walsh [19] observes that stimulations of
lower visual cortical areas (V1) after activation of a higher cortical area (V5)
disturb conscious perception. They stimulated neurons in V5 and V1 in hu-
man subjects using Transcranial Magnetic Stimulation (TMS) and found
that with a slight time delay (5–40 ms) between the stimulation of V5 and
V1, perception of a moving phosphene (as a result of TMS stimulation of
V5) could be disrupted. Other modality specific areas in the visual pathways
may rely similarly on feedback pathways to generate conscious perception.
Feedback connections may play an important role in the neural basis of
conscious perception and may be relevant to the other proposals discussed
here.

The approaches previously discussed to neural coding of conscious vision
rest on the idea that when humans see, the brain produces an internal
representation of the world and it is the activation of this representation that
gives rise to the experience of seeing. An alternative proposal, made by
O’Regan and Noe [10], propagates that seeing is a way of acting, a way of
exploring the environment. In their concept, the experience of seeing is not
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generated by activity in internal representations. Rather, the outside world
‘‘serves as its own external representation—the experience of seeing occurs
when the organism masters’’ what O’Regan and Noe term ‘‘the governing
laws of sensorimotor contingency.’’

Whatever the neural substrate of conscious visual experience is, a
subjective impression is that visual information consciously perceived also is
the visual information upon which visually-guided behavior is freely plan-
ned. Subconscious processing, however, can occur in normal vision and
visual dysfunction, which may give clues to the neural basis of conscious
perception. Also, the relationship between conscious perception, neural
activity, and visual performance may become relatively dissociated after
lesions in the visual pathway.

Subconscious processing and suppression of perceptual information

in normal vision

Visual awareness and performance in visually mediated tasks

Normal visual function is characterized by the close alliance between
conscious perception of a visual stimulus and performance in visually
mediated tasks [20]. There are several situations, however, in which healthy
individuals may fail to be aware of visual stimuli, yet show accurate sub-
conscious processing of task relevant visual information under a carefully
controlled experimental paradigm.

In a recent study by Kolb and Braun [21], subjects were asked to choose
the position of a small group of dots, or dot pairs, moving in the orthogonal
direction to the dots in the remainder of the display (Fig. 1) in a four-
alternative forced-choice paradigm, while also indicating their degree of
awareness in each trial. Task performance was related to awareness when the
targets dots were all moving in the same direction (Fig. 1a), but independent
of phenomenal awareness of the target location when the dots were paired
(Fig. 1b). Also, subjects could attain a performance of 70% correct, whether
or not they were consciously aware of the visual target [21].

Masking effects
Masking refers to the inability to verbally identify briefly presented

stimuli, such as words, when different visual stimuli are presented close to
the words in space and time. It has been established through forced-choice
paradigms that masked words can be covertly recognized without overt
awareness [22].

Dehaene et al [23] investigated the neural correlates of subconscious word
processing during word masking using fMRI and Event-Related Potentials
(ERP) recordings. They reported that masked words produced activity in
extrastriate and fusiform cortical areas involved in processing visual word
forms [24,25] (Fig. 2). These areas also were activated during conscious
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word recognition. They observed activity in prefrontal and parietal cortical
areas only when words were consciously detected (ie, not during masked
presentation), supporting the importance of one or both of these cortical
areas in conscious awareness.

These masking experiments indicate that stimulus information can reach
beyond primary visual cortex into extrastriate areas without accessing
consciousness. They suggest that activity in extrastriate cortex is not sufficient
for awareness, although it may be necessary for conscious experience.

Fig. 1. Dissociation between visual awareness and visual performance, demonstrated with

visual stimuli used by Kolb and Braun. The displays presented to each subject are shown in (a)

and (b), with arrows indicating the direction of motion of each dot during trials. For display

purposes, the target group of dots is outlined by a dotted line in each panel. The target group of

dots, moving orthogonal to the group of dots in the remainder of the display, was positioned in

one of four locations about the fixation cross in each trial. Detection performance (ordinate) as

a function of level of awareness (abscissa) in (a) and (b) are shown in (c) and (d ) respectively.

Note the close relationship between awareness and performance when the dots are unpaired

(a,c) compared with when dots are paired (b,d ). (Adapted from Kolb FC, Braun J. Blindsight in

normal observers. Nature 1995;377:336–8; with permission.)
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A possible explanation is that ventral and dorsal pathways must interact and
be synchronously activated for awareness to take place [9,26]. Thus, suffici-
ent activation of only one of these pathways or insufficient synchronicity of
activation may result in covert processing of information in the absence of
conscious awareness. Additionally, masking experiments may suggest an
important role for feedback connections to conscious vision [27]. As they rely
on very brief stimulus presentations and stimulus-to-mask intervals (less than
100 ms), neural activity generated by such transient stimuli—in striate cortex,
for example—might disappear and be replaced by activity related to a
subsequently presented stimulus before feedback from extrastriate cortical
areas can return [27].

Inattentional blindness
Visual attention modulates the generation of some visual masking effects

[28] and is strongly related to conscious perception in nonmasking ex-
periments. Inattentional blindness is the phenomenon in which unat-
tended stimuli effectively ‘‘disappear’’ from conscious perception [29]. If
subjects focus their attention on one region of the visual field, they can seem
‘‘blind’’ to suprathreshold stimuli presented at another unattended location
[29]. Thus, detection of the appearance or disappearance of objects depends
on where attention is focused. Inattentional blindness indicates the im-
portance of attention in conscious awareness.

Change blindness
Changes in a visual scene also may not be detected if a visual disruption

occurs at the same time, such as a screen flicker [30] or ‘‘mud splashes’’ over
the scene [31]. Beck et al [32] investigated the neural correlates of change

Fig. 2. fMRI activation during the presentation of correctly identified visible words (left) and

unrecognized masked words (right). Note the more extensive cortical activation in the visible

words condition, compared with the masked words condition, in which cortical areas, including

the left fusiform gyrus, left parietal cortex, bilateral inferior prefrontal/anterior insular cortex,

anterior cingulated, precentral cortex, and the supplementary motor area were active. During

the presentation of masked words, residual activation was observed at the left fusiform gyrus.

(Adapted from Dehaene S, Naccache L, Cohen L, et al. Cerebral mechanisms of word masking

and unconscious repetition priming. Nat Neurosci 2001;4:752–8; with permission.)
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blindness and change detection using fMRI. Visual areas in ventral
pathways still were activated in control subjects when they failed to detect
changes in a visual scene, whereas dorsal pathways in parietal and frontal
cortex were activated only when changes were detected consciously. These
investigators argue that both pathways are involved in visual awareness.
Using ERP measures, Turatto et al [33] also found correlates of change
detection in the frontal and parietal areas and absence of activity in these
areas during change blindness.

Attentional blink
Another variant of attention-induced blindness is the attentional blink.

This is the deficit in performance of a sequential visual task, such as letter
discrimination, when two or more tasks must be performed close in time
[34]. Raymond et al [34] used a rapid serial visual presentation paradigm to
present letter stimuli in rapid succession at the same spatial location.
Subjects could identify accurately the first letter but not the second when the
interstimulus interval was 180 to 450 ms. Luck et al [35] reported that
information relating to the suppressed stimulus nonetheless is processed at
a subconscious level. Similar to previous reports of word masking and
semantic priming studies, they found that word meaning could be processed
covertly and used to make correct behavioral responses even though sub-
jects could not read the word aloud. Rizzo et al [36] reported that the
attentional blink was magnified in patients with focal lesions in occipito-
temporal and prefrontal cortical areas [36].

Perceptual rivalry
Perceptual rivalry provides further evidence that subconscious processing

of information occurs in normal vision and that awareness involves the
representation of only a subset of available sensory information. Perceptual
rivalry is the perceptual alteration that occurs when the brain is confronted
with at least two mutually exclusive image representations. During rivalry,
perception fluctuates periodically between the possible interpretations, with
only one interpretation perceived at a time at any point in the visual field.
Such phenomena are referred to as ‘‘multistable perceptual phenomena.’’
Perceptual rivalry can be elicited by binocular rivalry, in which each eye
views a different stimulus, or during the viewing of ambiguous figures, such
as Rubin’s face/vase or the Necker cube. Constant viewing of dissimi-
lar images in binocular rivalry or viewing of ambiguous figures results in a
steady fluctuation between two perceptual interpretations. With large
dichoptic visual stimuli, subjects often report seeing parts of each eye’s
image concurrently at different points in the visual field. With small stimuli
(1�–2�) each image is exclusively dominant, so observers report seeing one or
the other image rather than a patchwork of the two [37].

Despite uncertainty whether binocular rivalry primarily mediated by inter-
ocular competition [38], interstimulus competition [39], or interhemispheric
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competition [40], it is a useful tool for the investigation of neural correlates
of conscious perception.

Neural activity during perceptual rivalry has been assessed predomi-
nantly through the use of fMRI in humans [41–44] and single-
cell electrophysiology in animals [45–48]. Lumer et al [43] recorded
fMRI activity while control subjects viewed binocularly rivalrous stimuli.
Fluctuations in perception were accompanied by fluctuations in activity in
the ventral visual pathway and frontoparietal cortex. In another fMRI
study, Tong et al [42] reported that activity in the fusiform cortex, which
responds selectively to faces [49], and in parahippocampal cortex, which
responds selectively to places [50], fluctuated with transitions in perception
while control subjects viewed face and place stimuli under conditions of
binocular rivalry (Fig. 3). Fluctuations in activity in extrastriate visual areas
also have been found to occur during perceptual fluctuations when control
subjects view ambiguous figures [44]. In contrast, these studies reported little
activity in V1 during perceptual rivalry. A binocular rivalry study using
simple grating stimuli, however, which are more specific in stimulating
striate cortex, reported that fMRI activity fluctuated in V1 in accordance
with perceptual transitions [41]. Likewise, synchronization of V1 activity
related to the dominant percept during perceptual alternation also have
been reported in strabismic cats [48]. Overall, these studies indicate that
perceptual rivalry may be a multilevel process involving fluctuations in
neural activity across several visual areas, including lower (eg, V1 and V2)
and higher (eg, temporal and parietal) cortical regions [51].

These perceptual rivalry experiments, in addition to showing that activity
in higher cortical areas correlates better with perception compared with
early visual cortex, demonstrate that the suppressed perception does not
reach higher cortical areas in visual pathways, such as the fusiform face area
[42] or temporal and parietal cortex [47]. The mechanism by which one
perceptual interpretation is suppressed while the other has full access to
conscious awareness has yet to be determined. Determining which inputs
dominate perception may involve interactions between visual areas and
other brain regions, such as prefrontal and parietal cortex [52]. Similarly,
psychophysical results from change blindness or attentional blink experi-
ments suggest that attentional mechanisms may play an important role
in conscious perception, presumably through selective enhancing of visual
representations in sensory cortices by top-down control from parietal and
frontal areas [53,54].

There are many examples in normal vision (masking, inattentional
blindness, attentional blink, change detection and change blindness, and
perceptual rivalry) indicating that visual awareness involves more than just
receiving clear retinal inputs and that covert processing can occur for diverse
stimulus attributes, such as color, motion, spatial frequency, contrast, word,
and picture and face recognition [55,56]. Such subconscious processing
seems a widespread feature of the visual system. Recent imaging results
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from word-masking, change blindness, and change detection experiments
converge to suggest that such covert processing in normal vision may rely on
activation of early cortical areas without concurrent activation of higher
cortical areas in frontal and parietal cortex [23,32,33]. Attentional mech-
anisms that rely on frontal and parietal cortex might mediate some
important interactions between posterior visual cortex and frontal and
parietal cortical areas [53], hence determining visual awareness by differ-
entially selecting and enhancing incoming inputs. Specifically, conscious

Fig. 3. fMRI activity during binocular rivalry and nonrivalry (stimulus alternation) conditions

for a single subject in the study by Tong et al. An image of a face was presented to one eye and

a house presented to the other eye in the rivalry condition (a). In the non-rivalry condition (b)

the same stimulus was presented to both eyes, in turn, to establish a control condition. FFA

refers to activity in fusiform cortex (FFA-fusiform face area) and PPA refers to activity in

parahippocampal cortex (PPA-parahippocampal place area). Note in (a) that hemodynamic

activity was dominant in the FFA (and suppressed the PPA) when the face was consciously

perceived, while PPA activity was dominant (and FFA activity suppressed) during conscious

perception of the house. Activity in these two perceptual states was similar to that recorded

during independent stimulus presentation of the house and face (b). (From Tong F, Nakayama

K, Vaughan JT, et al. Binocular rivalry and visual awareness in human extrastriate cortex.

Neuron 1998;21:753–9; with permission.)
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vision thus may rely on synchronous activation of dorsal and ventral path-
ways. A relative uncoupling between these pathways might result in a
dissociation between the ‘‘what’’ and ‘‘where’’ of a stimulus and cause partial
processing of information through one pathway without it being con-
sciously experienced.

Subconscious processing and suppression of perceptual information

in visual dysfunction

Blindsight

Several visual dysfunctions are characterized by selective losses in visual
perception, such as a subjective loss of light sensitivity in a region of the
visual field. Studies of these deficits reveal striking dissociations between
conscious visual awareness and the ability to reliably use visual information
to effect visually mediated tasks.

Lesions in the visual pathways leading up to and including primary visual
cortex cause the loss of conscious perception of stimuli presented in the
retinotopically corresponding areas of the visual field. The ability to respond
to a stimulus in the subjectively blind region can be retained, however, in
particular the ability to localize a stimulus and discriminate its direction of
motion [57–59] (Fig. 4). This phenomenon, referred to as blindsight [57,58],
originally was described by Riddoch in 1917 [59], who reported the loss of
object discrimination with sparing of motion perception in soldiers of World
War I with occipital lesions as a result of war wounds. Blindsight has been
reported most commonly after damage to primary visual cortex [20,57–
61], but also has been reported after optic nerve lesions [62]. Successfully
performed visual tasks within the ‘‘blind’’ region include detection and lo-
calization of stationary or flashing luminous targets [63,64], detection and
discrimination of real motion [20,59,65,66], apparent motion [67], optic flow
[68], wavelength and color information [64,69–71], and shape discrimination
[72]. The loss of conscious visual awareness after V1 lesions raises the issue
of whether or not V1 is necessary for normal conscious visual experience.
Although reports of blindsight after V1 lesions point to an association be-
tween V1 functionality and visual awareness, conscious perception in the
absence of demonstrable V1 activity (with detectable activity in extrastriate
cortex) also has been reported [73].

It still is debated whether or not blindsight is the result of the presence of
residual islands of functional neurons within the lesioned area in the visual
pathways, such as, in a spared area of primary visual cortex [61,74,75] or
spared optic nerve fibers (in the case of optic nerve lesions [62]) or if it is
mediated by a nongeniculostriate pathway [76]. Support for blindsight
arising from isolated islands of residual functional tissue comes from studies
in which residual visual abilities are demonstrated only in a small, restricted
region within the scotomatous area [61,74]. Candidate nongeniculostriate
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pathways that can mediate blindsight include a direct projection to
extrastiate cortical areas from the lateral geniculate nucleus and a pathway
to extrastriate areas via the superior colliculus and pulvinar, which have
been suggested to at least contribute to the residual visual abilities in
blindsight patients [60]. Visual processing mediated by such pathways
presumably occurs outside conscious awareness. Visual information to
extrastriate cortical areas from subcortical inputs bypassing striate cortex
may explain residual saccadic [58] or pointing behavior [77] to stimuli
presented in the blind field and the greater sensitivity for low-frequency,
high-contrast static stimuli involving magnocellular pathways [78,79], but
seems insufficient to explain chromatic discrimination [64,69] and tasks
requiring higher resolution, such as precise shape discrimination [72]. Also,
Barton and Sharpe could not demonstrate saccadic localization, pursuit

Fig. 4. Awareness and percent correct discrimination for the direction of horizontal movement

of a dot target, moving either away from or toward the vertical meridian, for two different

stimulus speeds as a function of background luminance in a blindsight patient. At the low

stimulus speed (3�/s) awareness was greatly suppressed yet discrimination was relatively

unaffected. Both awareness and discrimination performance were high for the fast stimulus

speeds (20�/s). Note that the relative dissociation between awareness and discrimination for the

slow stimulus speed and the close association between awareness and discrimination for the fast

stimulus speed are stable as a function of background luminance (Reproduced from Sahraie A,

Weiskrantz L, Barbur JL, et al. Pattern of neuronal activity associated with conscious and

unconscious processing of visual signals. Proc Natl Acad Sci USA 1997;94:9406–11; with

permission.)
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[80], or direction discrimination [81] for moving stimuli presented in the
blind hemifield of patients with occipital lesions involving striate cortex but
sparing occipitotemporal cortex (including V5).

Recent fMRI studies have investigated the neural correlates of uncon-
scious processing in blindsight. Hemodynamic activity in dorsal extrastriate
cortex in response to visual stimuli shown in the blind field (ie, project-
ing to the lesioned V1) has been observed [82,83], whereas support has
been found for [83] and against [84,85] activity in ventral extrastriate
cortical areas. Neural activity in dorsal extrastriate cortex in particular may
account for some residual visual abilities in blindsight patients. Goebel et al
[83] reported that in two patients with blindsight, V5 could be activated by
motion stimuli and V4/V8 by color stimuli. These findings also suggest that
neural activity in intact extrastriate cortical areas is not sufficient to generate
conscious vision, as V5 can be activated in the absence of awareness of
motion [83]. Conscious perception of the visual stimulus in cases of
blindsight may require the involvement of cortical areas higher in the visual
pathway. In support of this, Sahraie et al [86] found prefrontal activation in
occasional trials in which the well-studied blindsight patient, GY, reported
a sense of awareness that a stimulus had been presented in his blind field,
which, however, he could not identify.

Deficits of awareness for specific visual attributes

Distinct visual attributes (color, shape, and so forth) are processed within
a mosaic of specialized extrastriate areas. Lesions of the lingual and
fusiform gyri result in achromatopsia [87,88], in which patients do not
perceive color in the affected part(s) of the visual field (see the article in
this issue by Heywood and Kentridge). Despite a loss of conscious color
awareness, chromatic information can be used by other brain regions to
drive motion perception in achromatic patients as it does in control subjects
[89], indicating that color information is processed at least partly at a
subconscious level. This effect could be mediated by chromatic input to
the motion-responsive cortical area MT/V5 [90].

Bilateral lesions in lateral occipitotemporal cortex, in particular in the
area of V5 in humans, results in a deficit of conscious motion discrimination
and motion perception termed ‘‘akinetopsia’’ [91–94] (see the article in this
issue by Nawrot). Subconscious use of motion information in the absence of
awareness has yet to be demonstrated in akinetopic patients. Unconscious
motion processing, which may rely on activity in MT/V5, has been dem-
onstrated in control subjects, however [21,56,95].

Several human and animal studies have provided evidence of a direct
subcortical pathway to V5 that bypasses V1 [96–99]. Rodman et al [98] and
Girard et al [96] reported that MT neurons in macaque monkeys remain
responsive to motion stimuli after surgical destruction or cooling of V1.
In humans, evidence of an astriate projection to V5 comes from the

658 A.R. Whatham et al / Neurol Clin N Am 21 (2003) 647–686



investigation of differences between V1 and V5 in activation to motion
stimuli [99] and differences in TMS inhibition of motion processing [97].
Beckers and Zeki [97] suggested that any contribution to the conscious
awareness of motion in V1 may occur at latencies later than the initial
stimulus-driven excitation of V1 (eg, through feedback loops from V5) [19].
Also, activity in V5 has been reported to be activated by motion stimuli in
patients with V1 lesions [20,73,83]. This nonstriate cortical pathway could
mediate residual motion perception despite damage to V1 and be re-
sponsible for some ‘‘blindsight’’ abilities.

The findings by Goebel et al [83] and Barton and Sharpe [81,100],
however, in which an intact V5 could not mediate visual awareness for
moving stimuli [83], motion discrimination [81,100], or saccadic localization
[80], nevertheless suggest a role for V1 in conscious motion perception.

Visual agnosias are deficits in which patients are unable to recognize
familiar objects. In prosopagnosia (see the article in this issue by Barton)
and alexia (see the article in this issue by Bub), covert recognition of task-
relevant information has been demonstrated [55].

Prosopagnosia

Despite the failure in conscious familiar face recognition in prosopagnosia,
many affected individuals can discriminate subconsciously between unfamil-
iar and familiar faces (covert familiarity) or use factual information related to
familiar faces (covert semantic knowledge) [101–108]. This covert processing
of familiar faces in patients with prosopagnosia has been shown by a variety
of methods. In one of the first descriptions, Bruyer et al [101] reported that
their patient could categorize correctly a series of personally familiar and
unfamiliar faces into ‘‘already seen’’ and ‘‘never seen’’ in a forced-choice
paradigm, despite lack of conscious recognition of familiar faces. Interest-
ingly, this patient could not discriminate correctly between famous and
familiar faces. He also demonstrated an ability to associate correctly names to
famous faces above chance in a forced-choice paradigm. Bauer [102] and
Tranel and Damasio [104] used electrodermal responses to show that famous
faces and family members of their patients with prosopagnosia were covertly
recognized. Covert recognition also has been demonstrated through semantic
facilitation and interference [106,109], visual evoked potentials (VEPs) in
response to familiar and unfamiliar faces [108], oculomotor scanning of
familiar and unfamiliar faces [107], and using face stimuli as primes for
recognizing unrelated familiar and unfamiliar words [110].

Barton et al [111] reported that covert processing was restricted to
acquired prosopagnosia, which could be the result of the lack of a period of
normal face recognition, during which memories for familiar faces could be
laid down before the onset of prosopagnosia [111]. The neural basis of
covert familiarity or covert semantic knowledge has yet to be defined, but
given the electrodermal response studies showing an emotional response to
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familiar faces, this could involve a dorsal visual-limbic pathway [112] to
superior temporal sulcus or amygdala [113]. Alternatively, residual semantic
processing of faces in the left hemisphere in the presence of impaired recog-
nition mechanisms in the right hemisphere might underlie some implicit ef-
fects in patients with prosopagnosia who have unilateral right hemisphere
damage [114].

Alexia

Despite the fact that word-reading is extremely difficult, if not impossible,
in pure alexia, covert letter and word recognition exist in many patients
[55,115–125]. Landis et al [121] presented single words for a short duration
(30 msec) using a tachistoscope to a patient with pure alexia. This patient
could not name these words, yet managed to point accurately to the as-
sociated object on the majority of occasions. In some studies, accurate
performance with briefly presented words was reliant on no conscious
recognition of any letters [55].

Some patients with pure alexia can discriminate between familiar and
unfamiliar words [116], or between real words and nonwords [117,118,124].
They may correctly match written words to objects or pictures (or pictures
to written words) [115,120,126], or to spoken words [120,125,126], in the
absence of correctly verbalizing the presented written word. Only some of
these covert abilities, however, may be present in each patient with alexia, as
residual abilities differ considerably between patients [55].

The origin of these covert abilities has not yet been established. Grusser
and Landis [55], however, suggested that covert word recognition might
be mediated by right hemisphere processing of words, because similar
unawareness of written information is found in split-brain patients [127].

Split-brain studies

The existence of the bicameral [128,129], or dual, mind [130–132] has been
strongly raised with the discovery that the two halves of the human brain can
act independently and that each seems to have a separate consciousness.
From the early 1960s onwards, Sperry’s group examined, with several
ingenious tests, patients whose corpus callosum, including commissures and
the massa intermedia, had been sectioned for the treatment of intractable
epilepsy. They found that the isolated hemispheres process and respond to
complex sensory information in an adequate rational and emotional way.
Although there are gradients of proficiency between the two disconnected
hemispheres—the left superior in verbal tasks and the right in nonverbal,
facial, emotional, and spatial tasks—the right hemisphere is by no means
illiterate or aphasic, and the left is neither prosopagnosic nor incapable of
solving spatial problems. In many tasks, both hemispheres can come up with
the correct solution, but the answers may be produced by different processing

660 A.R. Whatham et al / Neurol Clin N Am 21 (2003) 647–686



strategies or thinking modes. Moreover, the appropriate solving of complex
cognitive, emotional, and social problems suggests some form of conscious
awareness in both hemispheres.

Of all the sensory modalities tested in split-brain patients, vision (for
practical or anatomic reasons) is the only one that largely guarantees
separate processing by the two hemispheres—it is the best-studied sense and
has provided the most reproducible results. Hemispheric processing differ-
ences typically are assessed using stimuli lateralized within the left or right
visual field, for example, with a tachistoscope or special devices allowing
retinal stabilization of images to ensure that visual inputs project to only one
hemiretina and contralateral hemivisual cortex. The basic findings are that
split-brain patients cannot cross-integrate visual information between their
two visual hemifields: when a visual stimulus is lateralized to either the left
or right hemisphere, the other disconnected hemisphere cannot use the
information for perceptual analysis. For instance, a picture shown in the
LVF may not be named by the left hemisphere, although the right hemi-
sphere might control the left arm to appropriately grasp a correspond-
ing object. Likewise, an object palpated by the left hand cannot help the
right hand find an identical object, although it can be used manually and
appropriately by the patient (for review, see Gazzaniga [133]).

With the decline of interest in left brain–right brain issues in the late
1980s, mainly because of inconsistent experimental findings in control (non-
disconnected) subjects, visual neuroscientists returned to monkey neuro-
physiology and neuroanatomy as the basis for their studies of consciousness
and functional imaging in healthy people. There are two limits to these
models: (1) monkeys have only minimal hemispheric specialization, and (2)
control subjects are fully connected via their intact corpus callosum. Thus,
a major lesson for vision research from the split-brain patients has been
forgotten, namely that in humans, there are two visual systems with different
functional properties, one in the left brain and one in the right brain [134].
Could they also each support different forms of consciousness? Although this
question remains unanswered, split-brain findings do indicate that the large
frontoparietal networks and visual cortical pathways subserving visual
awareness in humans can be cut in half, each disconnected hemisphere with
its own form of consciousness.

Humans believe in a unified consciousness. But what do the split-brain
phenomena reveal about this presumed unification in a disconnected brain?
The most thrilling findings of the whole split-brain literature, and also some
split-like phenomena in unilaterally lesioned patients [135,136] or control
subjects [137], is an apparent ignorance and arrogance of the left brain with
respect to perceptions, actions, and reasonings performed by the right hemi-
sphere. Conscious reports provided by the left hemisphere may just con-
fabulate and ignore concurrent processing and actions mediated by the right
hemisphere [15]. To give a classical example, when the words ‘‘key . board’’
are flashed briefly, the split-brain patient, fixing on the dot in the middle,
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immediately says ‘‘board.’’ When asked if he sees anything else, he says he
does not. At the same time, his left hand explores several objects hidden
from sight and even successfully takes the ‘‘key’’ among many palpated
objects. In such situations, there is no doubt that the right hemisphere
is able to gather the meaning of the word ‘‘key,’’ understand the task,
successfully select the key, and demonstrate a form of conscious percep-
tion and action; yet, the speaking left hemisphere denies all that. When
specifically asked, the patient categorically denies any perception other than
‘‘board,’’ or even any left-hand action, and, when faced with his left hand
holding a key, invents a story to make some sense. These observations
suggest that two consciousnesses exist when the halves of the brain are
separated, but how are they unified in healthy nondisconnected people?

Several findings discussed in this article demonstrate that consciousness is
strongly related to attention, allowing the selection of relevant perceptual
information and motor response in a way that may account for the char-
acteristic unitary nature of human conscious experience. Cook has de-
fined attentional processes as controlled by the two hemispheres in an
operational sense [138]. Attention determines the single bit of information
that becomes ‘‘conscious’’ at any one fraction in time. Humans can perceive
many bits of information at any time, but only one in time becomes con-
scious, with this selection determined by a balance of activation across both
hemispheres that varies with hemispheric abilities and current task char-
acteristics. Other bits of information can be processed, but without con-
scious awareness [11]. Thus, attention provides a single narrow beam of
events that enter ‘‘consciousness,’’ one at a time. In the case of disconnected
hemispheres, there can be two independent attentional beams leading
to visual perception [139], although some aspects of attentive response
selection still might be unified in the split-brain [140,141], perhaps through
subcortical pathways [142,133]. But can this explain why the split-brain
patient reports events in both attentional beams? One hypothesis is that in
a unified, nondisconnected healthy person, there is an inherent bias favoring
the left hemispheric attentional stream in case of rivalry, as suggested by
observations in control patients [40], neuropsychologic afflictions [143], and
recent imaging studies (see section on normal vision).

Neglect and extinction

Hemispatial neglect refers to a complex disorder of awareness in which
patients with focal hemispheric damage fail to perceive and respond to
stimuli located on the side of space opposite their lesion (see the article in
this issue by Vecera and Rizzo). A striking feature of neglect, relative to
other disorders of conscious perception discussed previously, is that the
responsible brain lesions may spare much of early sensory pathways from
the retina to primary visual cortex and higher-level perceptual machinery of
the visual system. Thus, striate occipital cortex (V1) and ventral extrastriate
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areas in temporal cortex (eg, V4 and fusiform) that are necessary for ex-
tracting visual inputs and recognizing visual objects all may be anatomically
intact, with the lesion selectively affecting brain regions (eg, parietal and
frontal lobe) traditionally believed more concerned with spatial cognition
and action than perception.

Left visual neglect can be observed in everyday situations and simple
clinical tests (cancellation tasks, line bisection, reading, drawing, and so
forth) (Fig. 5), all of which are characterized by a failure to detect, report, or
act on contralesional stimuli that cannot be explained by an elementary loss
of sensory or motor function (for reviews, see Driver and Vuilleumier
[11,14]). Neglect can affect vision as well as other modalities (ie, touch,
audition, or even smell) [144]. Many aspects of neglect therefore are as-
sumed to reflect a deficit in higher-level mechanisms of multimodal space
representation and attention that control the access of stimuli processed in
sensory pathways to conscious stages of processing [11,14,145]. Mechanisms
of spatial attention may depend critically on parietal and frontal areas,
enabling the visual system to select only relevant objects in the presence
of other competing stimuli [54]. Impaired attention toward contralesional
space in neglect patients thus may prevent left visual inputs from reaching
awareness and eliciting orienting behavior, whereas only concurrent stimuli

Fig. 5. Example of clinical tests for left visual neglect. Patients typically may fail to cross out

left-side items in a line cancellation task (A), omit left-side details in drawings of familiar objects

(B), or misplace the midpoint of a line to the right side in a bisection task (C).
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in ipsilesional space eventually become available for conscious perception
and exploration behavior.

Perceptual extinction is a phenomenon associated with neglect that
exemplifies how a contralesional deficit in attention may compromise
awareness in the presence of competing visual inputs, even though pro-
cessing of visual stimuli in the contralesional field is possible. Patients
with extinction can perceive a stimulus when it is presented alone on the left
side, but be unaware of it when it is presented simultaneously with a stimulus
on the right side [144,146]. Extinction on bilateral simultaneous stimula-
tion sometimes can be observed within the intact right field for the relative
leftmost stimulus [147] and in modalities other than vision [148,149]. Such
a compromise of awareness by competing stimuli is very different from the
stable retinotopic loss for single stimuli after primary visual defects (Fig. 6).

Fig. 6. Illustration of a graded spatiotopic deficit in left neglect and extinction. Awareness

generally may improve as a gradient from contralesional to ipsilesional side of space (black

area ¼ complete unawareness; white area ¼ complete awareness), with detection of stimuli at

the same left retinal location (arrow) modulated by whether or not eye gaze position is directed

to the left (A), center (B), or right (C). For example, the relative position of eye fixation on the

screen can influence the rate of extinction for left events on bilateral stimulation (D, redrawn

from Vuilleumier P, Schwartz S. Modulation of visual perception by eye gaze direction in

patients with spatial neglect and extinction. Neuroreport 2001;12:2101–4) or produce pseudo-

hemianopic (nonretinotopic) deficits.
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There is ample evidence that neglected or extinguished stimuli can
be implicitly processed without conscious awareness [150]. Such implicit
processing can proceed up to elaborate stages of perceptual analysis. Color,
shape, or semantic identity can be extracted from extinguished objects. For
example, flanker or Stroop effects can be produced by an extinguished
stimulus, slowing down the response made to a target in the ipsilesional field
[151,152]. (These are, for example, faster responses to a central letter when
the same letter also was presented in the neglected field as opposed to
a different letter; or faster naming of a central color patch when the name of
that color is presented in the neglected field as opposed to the name of
a different color.) Extinguished stimuli also can produce semantic priming
effects in a category decision task (eg, fruit versus animal), with faster
responses to objects in the ipsilesional field when there is an unseen object
from the same category on the contralesional side [153] (Fig. 7). Semantic

Fig. 7. Implicit semantic processing in extinction. When briefly presented with two object

pictures, one on each side of fixation, patients may remain unaware of the left-side stimulus, but

nonetheless show an unconscious influence from this stimulus on semantic judgments made

according to a right-side stimulus. For example, in a task requiring classifying the object seen on

the right side as ‘‘animal’’ or ‘‘fruit,’’ the patient’s response times (D) can be faster when the

unseen left object is identical to the right object (C ) or visually different but from the same

semantic category (B) versus another visually and semantically different object (A). (Redrawn

from Berti A, Rizzolatti G. Visual processing without awareness: evidence from unilateral

neglect. J Cogn Neurosci 1992;4:345–51.)
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priming effects have been demonstrated in a lexical decision task, in which
an extinguished object picture on the contralesional side speeds the response
to a semantically related word shown at fixation [154]. When briefly shown
a pair of objects across both hemifields, patients who extinguish the con-
tralesional stimulus nonetheless may guess correctly if the two objects
are the same or different [155], even if they are not physically identical [156],
implying an access to some abstract semantic representation. Extinguished
visual objects can even produce implicit leaning, with a subsequent fa-
cilitation for recognition of a fragmented version of the same objects,
compared with a similarly fragmented version of new objects, despite an
absence of explicit memory for extinguished and for new stimuli [157].

In other situations, implicit residual processing of contralesional inputs is
revealed by a reduction of neglect or extinction by perceptualmechanisms that
operate without attention. For example, extinction is reduced when bilateral
stimuli are linked to a single object by various gestalt grouping mechanisms
(eg, collinearity, illusory contours, contrast polarity similarity, or symmetry),
which connect the bilaterally stimulated spatial locations to yield a common
perceptual stimulus (Fig. 8) [158–160]. Neglect or extinction is less for real
words than letter-strings [161]; for pictures of real, meaningful objects than
scrambled, meaningless nonobjects [162]; for pictures of faces compared with
scrambled faces and other objects [163]; and for stimuli with emotional
significance (eg, angry faces or spiders) thanneutral stimuli [158,164].All these
findings suggest that contralesional visual stimuli can be organized into
segmented object representations (word-forms, faces, and so forth), pre-
sumably involving residual processing within intact visual pathways of the
ventral temporal lobe, before the level at which neglect or extinction arises.
Similar effects are illustrated by ‘‘object-based’’ effects in neglect, showing
that the deficit may affect segmented objects rather than absolute regions of
space or retinal image (see the article in this issue by Vecera and Rizzo).

Recent functional imaging studies reveal the neural correlates of uncon-
scious processing in patients with neglect and extinction [26,165,166].
These event-related fMRI studies show that, although escaping aware-
ness, extinguished faces in the left field still can activate intact primary
visual cortex in the damaged right hemisphere and extrastriate areas
in inferior temporal cortex (eg, fusiform face-selective areas; Fig. 9).
In addition, several limbic regions remote from early visual cortex (eg,
amygdala and orbitofrontal cortex) still were selectively activated by
emotional versus neutral faces, even when faces were not consciously seen
by the patient [165]. These results demonstrate that activation can occur in
V1 and ventral visual stream without awareness of stimuli. Alternatively,
contrasts between consciously perceived and extinguished atimuli show that
conscious perception is associated with greater activation of the same visual
cortical areas and increases in parietal and frontal areas of the intact left
hemisphere [26,165] (see Fig. 9). Furthermore, analysis of ‘‘functional con-
nectivity’’ between areas showed increased coupling between right striate
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cortex and left parietal and frontal areas on bilateral trials in which the left
stimulus was detected, compared with trials in which the left stimulus was
extinguished [26]. This pattern suggests that conscious visual awareness may
reflect a critical interaction between occipitotemporal areas extracting visual

Fig. 8. Effects of perceptual grouping on extinction. Detection of left-side segments appearing

on black disks is improved when they are pereceptually linked to an illusory surface, such as

a Kanizsa square (A), compared with when they are not inducing an illusory surface (B). Thus,

intact grouping mechanisms can strongly reduce the rate of left extinction when bilateral white

segments are briefly presented (D), (redrawn fromMattingley JB, Davis G, Driver J. Preattentive

filling-in of visual surfaces in parietal extinction. Science 1997;275:671–4).
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properties of stimuli and frontoparietal areas involved in attention and
action selection.

Likewise, results from evoked potentials in extinction also suggest
a differential neural response for consciously detected stimuli [26,167,168],
with enhanced electric waves at early and late latencies, suggesting that re-
entrant feedback signals from parietal and frontal areas are necessary to
modulate activity in intact visual areas of the occipital and temporal lobes
[169,170] and afford conscious perception. Such effects are in accord with
the view that parietal and frontal areas may control spatial attention in the
normal brain by modulating activity in early sensory areas [54].

Fig. 9. Neural correlates of extinction and conscious awareness shown by fMRI. (A) The

patient had chronic cortical and subcortical damage to the right parietal lobe, with intact visual

fields and stable left neglect. (B) Unilateral left and right stimuli (photographs of faces or

houses) were detected correctly. Comparing stimuli seen in the left visual field (LVF) with those

in the right visual field (RVF) activated intact retinotopic areas in contralateral occipital and

temporal cortex. (C ) When presented with bilateral stimuli (left face + right house), the patient

often remains unaware of the left stimulus. Comparing these bilateral extinguished events with

unilateral right stimuli revealed activation in similar areas of the contralateral occipital and

temporal cortex, despite unawareness. (D) On a few bilateral trials, the patient correctly

detected both stimuli (left face + right house). Comparing those identical bilateral events with

awareness versus extinction of the left-side face revealed an increased activation in bilateral

fusiform cortex and left parietal (homologous to the right damaged areas) and left frontal

cortex. (Adapted from Vuilleumier P, Armony JL, Clarke K, Husain M, Driver J, Dolan RJ.

Neural response to emotional faces with and without awareness; event-related fMRI in a pari-

etal patient with visual extinction and spatial neglect. Neuropsychologia 2002;40(12):2156–66.)
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Perceiving beyond reality—conscious visual awareness

without a corresponding external stimulus

Illusory phenomena

Humans depend on illusions as a normal aspect of life. Because
environmental information often is suboptimal, perception frequently must
rely on the brain’s reconstruction of contours or other image features,
without retinal output. These mechanisms contribute to a stable conscious
perception of the visual environment under normal conditions and help the
extraction of salient features. Sometimes illusions stem from assumptions
made by the visual system; at other times, they represent an active
recalibration. Although illusions generally are beneficial, in some instances
they generate misleading percepts (for a review, see Eagleman [171]).

Several categories of illusions have been explored more traditionally in
modern neuroscience. These include perceptual filling-in, illusory contours,
and aftereffects.

The term ‘‘perceptual filling-in’’ refers to situations in which subjects
observe that something is present in a region of visual space when it actually
is absent from that region, but present in the surrounding area. In normal
vision, perceptual filling-in plays a role in the perception of textured
surfaces, surfaces within borders, and in the lack of perception of the blind
spot. The blind spot provides a dramatic demonstration of a ‘‘filling-in’’ in
a scotoma. There is no input from the retina in the blind spot, yet this
‘‘hole’’ is not apparent, being invaded by the visual pattern from neigh-
boring areas. Similarly, angioscotomata (visual field defects induced by
blood vessels overlying the retina) are not apparent either. The presence of
defects is recognized only indirectly, owing to the invisibility of objects
located only within the altered area of the visual field. ‘‘Filling-in’’ of a
scotoma is not restricted to congenital field defects, but may occur with
acquired lesions in the visual pathways [172,173].

Thus scotomas from lesions in the retinocortical pathways and in V1 are
not always perceived by patients or may seem smaller because of filling-in of
the scotomatous region by surrounding information [174,175]. Further-
more, the process of filling-in may be associated with local distortion of
visual space within the scotomatous region and the surrounding visual field
[176,177]. The duration, size, and location of lesions in visual pathways
(retinal/geniculate/cortical) may affect the degree of such filling-in [173,178].
Although filling-in of visual field defects may seem beneficial to patients
from a perceptual point of view, so that, for example, patients do not detect
small laser-induced scotomata from treatment for diabetic retinopathy [179],
it can result in underdiagnosis of visual field defects and delayed awareness
of visual pathology [173,180,181].

To investigate the spatial and temporal characteristics of ‘‘filling-in,’’
Ramachandran and Gregory [182] conceived a visual stimulus that resulted
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in a reversible ‘‘artificial scotoma.’’ On a computer screen, they displayed
a small homogeneous gray square against a background of twinkling dots
and found that after a brief period of steady fixation, the square was filled in
by twinkling dots (Fig. 10). With steady eccentric fixation, these gradually
faded and disappeared from view, replaced by the surrounding texture. This
approach shows that perceptual filling-in occurs for many visual properties,
including luminance, contrast, texture, color, and motion and may occur at
different rates for different stimulus characteristics [182]. The rate of filling-
in also depends on the degree of contrast between the visual properties of
a region and its surroundings (ie, the degree of motion contrast, luminance
contrast, and color and texture contrast), occurring faster with decreasing
border contrast [183–185] and with increasing target eccentricity in the
visual field [186,187].

Although the ‘‘filling-in’’ process in these conditions probably shares
common mechanisms, there are differences in aspects, such as time span,
according to the type of scotoma and visual background [188]. Thus it may
be that more than one mechanism participates in ’’filling-in.’’ Occasionally,
the mechanisms involved even compete for ‘‘filling-in’’; for example, when
the blind spot falls on a cross made of two lines of different length, only the
longer line seems continuous [188].

‘‘Filling-in’’ reflects a dynamic process of cortical reorganization, by
which cells in the visual cortex adapt to background modifications or to
damage in the visual pathways [189]. Neurophysiologic observations of
remapping in the visual cortex after retinal lesions are of particular relevance

Fig. 10. Representation of a stimulus generating an artificial scotoma. The observer can

experience filling-in of the small gray area when steadily fixating the black cross for five to ten

seconds. The small area vanishes gradually and is replaced by the texture invading from the

surround.
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to an understanding of compensatory plasticity. In cats and monkeys,
bilateral lesions first silence a cortical area corresponding to the part of the
retina destroyed. Gradually, however, this cortical area recovers visually
controlled activity, with deprived cells then representing fields from retinal
areas surrounding the lesions [190–192]. Mechanisms involved consist mainly
of reshaping the receptive field of cortical cells and increasing the sensitivity
of deprived cells in the visual cortex.

With artificial scotomata, neurophysiologic experiments in primates
show that a process of cortical remapping occurs within seconds of exposure
to a stimulus. In such conditions, progressive changes are observed in the
receptive field of cortical neurons in areas V1, V2, and V3 [193]. The time
span varies, however, according to the cortical area considered.

Kanizsa’s figures [194] illustrate the illusory contours and brighter surface
of a geometric shape induced by co-alignment of local elements (see Fig. 8).
Single-cell recording studies in macaque monkeys and fMRI and VEP
studies in humans suggest that neural correlates of illusory contours are
found over a range of visual cortical areas [195], as early as V2 [196,197] and
perhaps V1 [198]. There is disagreement about the role of V1 in illusory
contour processing but V1 participation may rely on the type of illusory
contour and an interaction between V1 and V2 [199,200]. The ability to
perceive illusions, in particular illusory contours, may be altered after visual
cortical dysfunction [201]. Huxlin et al [202] reported that inferior temporal
cortex lesions in macaque monkeys severely inhibited the ability to respond
to illusory contours. Perception of illusory contours is independent of
attentional deficits in patients with unilateral spatial neglect [203].

Afterimages and aftereffects are other forms of percepts not directly
representative of external stimuli. An afterimage or aftereffect is a phe-
nomenon in which the perceptual effects of a stimulus outlive their physical
existence in visual space. Thus the perceptual effects of an ‘‘inducing’’ stim-
ulus modify the content of subsequent perceptions, usually in a com-
plementary fashion (eg, bias color perception toward the complementary
color of the inducing stimulus). Prolonged viewing of a moving stimulus,
for example, results in a motion aftereffect (MAE), in which subsequently
viewed stationary objects seem to be moving in the opposite direction.
Modality-specific afterimages and aftereffects have been reported for lumi-
nance, color, and motion. As cortical areas highly attuned to color (V4/V8)
and motion (V5) have been well described in the literature, the activity in
these areas during the perception of afterimages and aftereffects is open to
investigation using fMRI.

The neural correlates of the MAE have been investigated with fMRI.
Several studies report that perception of the MAE coincides with increased
activity in V5 [204–208], which contains many direction selective motion-
responsive neurons. Furthermore, in these studies, the time course of the
perceived MAE correlates with the time course of neural activity in V5
[204,205]. Huk et al [209] report, however, that fMRI activity related to the
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MAE occurs over multiple motion-responsive cortical areas. This latter
finding indicates that the perception of the MAE does not rely exclusively on
activity in MT/V5 and that the conscious perception of motion is not linked
uniquely to activity in this area.

Although through the use of contextual and rational knowledge a person
may be aware of experiencing an illusory effect, these phenomena cannot be
recognized visually as unreal. This is illustrated by a classical size illusion
(Fig. 11). In this illusion, a person perceives a difference in size between two
objects that are, in reality, the same physical dimensions. In Fig. 11, the
perception is that the two central circles in each group of dots are different
sizes, although they are of the same diameter. The central circle in the left
group of dots seems to be larger than the other central circle because of the
contrasting smaller size of the surrounding dots. Even if measuring each
central circle shows clearly that they are the same size, the illusory effect
persists. This indicates that a conscious knowledge of seeing an illusion or
experiencing a false perception does not change perception. This may
indicate the dependency of illusory phenomena on bottom-up or low-level
processing.

Internally generated conscious percepts

The converse situation to processing in the absence of awareness is
conscious perception of visual information that does not exist. In Anton
syndrome [210], patients deny they are blind, yet have massive impairment
of visual function. Although more frequent after damage to striate visual
cortex (especially bilateral), denial of visual loss can occur after retinal or

Fig. 11. Size illusion. In both groups of dots, the central circle is the same size, yet the central

circle in the left group is perceived to be larger than the central circle in the right group. This

perception remains after the circles are measured or clearly demonstrated to be the same size.

Thus, a conscious knowledge that the circles are the same size cannot override illusory

perception.
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optic nerve lesions [211]. The underlying neural basis for Anton syndrome
has not been established but may involve activity in extrastriate visual areas,
perhaps related to mental imagery, in the presence of impaired monitoring
processes resulting from concomitant lesions in thalamic, cingulate, or fron-
tal areas [212].

Hallucinations are positive visual (phenomenal) perceptions in extra-
personal space that do not reproduce either an external stimulus or, more
simply, some attributes of an external stimulus (eg, false motion of a real
object) [55].This may include perception of whole objects not present in the
visual field and stimulus characteristics of objects present in the visual field.
Hallucinations occasionally are associated with disturbances of normal
mental function or drug intake. Disturbances of mental function associated
with hallucinations include schizophrenia [213], dementia [214,215], and
narcolepsy [213]. Drugs known to produce hallucinatory effects include
LSD, lithium [216], dopaminergic agonists [217,218], digoxin [219], and
itraconazole [220].

Visual seizures can occur in epileptic patients and result in simple or
complex hallucinations [221], depending on the cortical area involved.
Activity may spread across different cortical areas after onset and change
the nature of the hallucination. Hallucination characteristics also may point
to the cortical foci of activity [221–224]. Lee et al [225] investigated the
functional organization of visual cortex in 23 epileptic patients, through
electric microstimulation of occipital and temporal cortical areas. They
found that stimulation of striate cortex invariably produces positive phe-
nomenal perceptions of simple forms (spots or blobs of light); stimulation
of peristriate cortex, lateral occipital cortex, and fusiform gyri produce
perception of intermediate forms (basic geometric shapes); and stimulation
of temporo-occipital cortical regions results in the perception of complex
forms (eg, people or landscapes).

Release hallucinations (Charles Bonnet syndrome) are believed to arise
from the release of visual information from cortical areas as a result of lack of
sensory visual input [226]. They can be induced by visual deprivation alone
(eg, blindfolding [227]). Simple hallucinations reported by patients with
Charles Bonnet syndrome include transient flashes or spots of light, colored
lines, shapes, or patterns [228–231], whereas complex hallucinations include
flowers, animals, and other people [226,229,232–238]. A defining feature is
that they occur in psychiatrically normal patients, who may be aware when
they are experiencing hallucinations and are not bothered by them [238,239].
Such awareness of the hallucinatory nature of their visual experience, how-
ever, may be gained from rational knowledge, rather than only from char-
acteristics of the hallucination itself. In the authors’ clinical experience,
awareness of the unreal nature of the percept might be apparent only after
two or three episodes of hallucinatory phenomena. Charles Bonnet syndrome
[240] is a common disorder occurring mainly in elderly people with blind-
ing conditions. Visual loss associated with release hallucinations often is
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bilateral, and hallucinatory episodes have been described after retinal, an-
terior visual pathway, and cortical damage [226,229,233,234,241–247]. The
most frequent ocular causes of release hallucinations include cataract and
age-related macular degeneration. Release hallucinations also can arise in the
blind hemifield of patients with hemianopia [248]. Manford and Andermann
[213] suggest that lesions outside the primary visual system may cause
defective modulation of thalamocortical relationships leading to release
phenomena. In this way, perturbation of a distributed matrix may explain the
production of phenomena by relatively blunt insults at disparate sites. ffytche
et al [250] recorded fMRI activity during hallucinatory experiences in patients
with Charles Bonnet syndrome [249]. They observed that neural activity
increased in extrastriate cortex just before the onset and during hallucina-
tions. They also reported that hallucination content was associated with in-
creased activity in the related functionally specialized cortical areas (eg, face
hallucination associated with increased activity in the fusiform gyrus and
colored hallucination associated with increased activity in V4).

Such cortical activations during hallucinatory phenomena provide
unique indications as to which areas may be implicated in conscious
experience. The lack of activity in V1 during complex hallucinations as
measured by fMRI and the existence of hallucinations perceived in the blind
field of hemianopic patients suggest that V1 activity is not necessary to
generate phenomenal vision. It also is possible that neural activity initiated
in higher-level areas needs some feedback interactions with V1 to reach
awareness that cannot be demonstrated by fMRI [250]. Similarly, mental
visual imagery is associated with increased activity in extrastriate cortical
areas corresponding to the type of stimulus that is imagined [251–256].
O’Craven and Kanwisher [252] reported that mental images of faces and
places activated the known cortical regions specialized in processing faces
(fusiform gyrus) and places (parahippocampal region), respectively, but
there is uncertainty about the role of V1 that was found to be activated by
mental imagery in only some studies [253,254–259].

How is conscious vision represented at a neural level in the brain?

Whereas much has been learned about the specialization and distribution
of brain regions involved in visual information processing, little is known
about how distinct feature dimensions or object attributes are represented
neurally and how distributed processes are integrated into coherent rep-
resentations. There is increasing evidence that activity in extrastriate cortical
areas, particularly within the temporal stream, corresponds more closely
with the content of conscious perception than activity in early visual cortex
(V1/V2). This is supported not only by classical neuropsychologic
observations in visual agnosias, but also by many recent fMRI findings in
humans including studies on binocular rivalry [42], perception of ambiguous
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figures [44], hallucinations [249], and mental imagery [252]. In the presence
of similar retinal inputs (as in binocular rivalry), the content of conscious
visual awareness seems reflected by an increased activation of temporal
areas specialized for coding distinct properties of visual stimuli (eg,
increased activation of fusiform ‘‘face-sensitive’’ areas concomitant to the
perception of a face). Accordingly, focal damage to occiptotemporal areas
may suppress awareness for specific perceptual properties of visual stimuli
(such as colors in achromatopsia, faces in prosopagnosia, shape or object
identity in form agnosias, and so forth). Similarly, activity in area V5 also
has been found to correlate with awareness of motion [97,260,261], and
damage to V5 regions may result in selective blindness for motion (aki-
netopsia). Also, activity in these highly specialized cortical areas may not be
sufficient for normal awareness. The demonstration of subliminal percep-
tion in healthy subjects and implicit processing in several neuropsychologic
disorders (covert recognition in prosopagnosia, neglect, and so forth)
indicates that some information about specific stimulus properties still can
be encoded by the visual system without conscious perception. Recent
neuroimaging studies suggest that such unconscious processing may reflect
subthreshold activation of these high-order visual centers in temporal
cortex, an activation of these areas uncoupled from concomitant processing
in other brain pathways, or both of these possibilities.

In contrast, there is considerable disagreement on the involvement of V1
in visual awareness. Clearly, damage to primary visual cortex results in
blindness for a corresponding retinopic-specific portion of the visual field,
but allows some unconscious processing to occur (blindsight). Recent fMRI
studies also indicate that activity in V1 is not sufficient to generate conscious
perception [26], but under some conditions V1 activity has been found to
be modulated depending on perceptual states [41]. It remains uncertain,
however, what the critical contribution is of V1 to conscious experience,
beyond a basic extraction of retinal inputs. Although it is clear that the
nature of information represented in these lower visual areas (ie, edges
shifting position on a retinotopic surface with each saccade) does not
correspond to the content of conscious perception (well-formed and stable
objects), the findings that V1 activity may co-vary with perceptual states and
not only with retinal inputs suggest that its function must be understood
within the context of a larger functional network.

Thus, an emerging result from several recent fMRI studies in control
subjects [23,32] and neuropsychologically affected patients [26,165] is that
visual awareness may depend critically on dynamic interactions between the
dorsal and ventral streams of cortical visual processing, somehow binding
‘‘what’’ and ‘‘where’’ information about external stimuli to afford selective
attention and intentional action. Substantial visual processing has been
found to occur in occipital and temporal areas even without awareness (eg,
for masked stimuli in control patients or extinguished stimuli in neglect
patients), but this may be enhanced by concomitant activity in parietal and
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frontal areas, allowing representations formed in the ventral areas to access
a conscious stage and control behavior. Such linkage between dorsal and
ventral visual information might relate to mechanisms of attention that are
believed to involve a modulation of modality-specific areas to select relevant
representation among competing sensory inputs [11,53,54], and it might
implicate long-range synchronization and feed-back interactions between
distributed brain areas [4,16,169].

To conclude, the seat of visual awareness is unlikely to be found in any
single brain area, not even in a mosaic of specific cortical areas each
having their ‘‘microconsciousness,’’ but much more probably it relies on the
dynamic coordination of neural activity between many regions and over
short time-delays. It is possible, however, that a few specific areas or circuits
play a critical role in actuating such coordination, by determining the
dominant source of inputs and enabling the propagation of common signals
to distributed brain regions. Such a role could be ascribed to some cortical
(eg, parietal) or subcortical (eg, thalamic) regions involved in attentional
mechanisms, whose damage can interfere dramatically with awareness re-
gardless of particular stimulus features and modalities (ie, neglect/
extinction). It also is possible that some feedback influences from a critical
region (eg, parietal cortex) might propagate to higher-level visual cortices
(eg, ventral stream) through a modulation or synchronization imposed
on the activity of anatomically earlier visual areas, such as V1 and V2 (for
computational models, see Niebur and Koch [262]). This goes some
way toward explaining how activity in primary visual areas may relate to
awareness, despite not holding the content of awareness in itself. For the
present, how a cascade of neural signals evoked in a myriad of neurons
throughout the brain gives rise to conscious perception of a coherent visual
world is a wonder that remains elusive.
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