


Allman & Kaas, 1981 Zeki, 1978



Position Scale Context

IT neurons are tolerant to identity-preserving transformations

Rust & DiCarlo, 2012



The geometry of selectivity and invariance. The three axes are three image dimensions (e.g., the values of three pixels in 
an image). Real images require several thousand dimensions, but we use three for simple visualization. Any point in the 
space corresponds to a different image. The gray surface represents a continuous subset, or manifold, of images of a 
particular object. If a hypothetical neural population effectively encodes this object's identity, all object images from this 
manifold will yield patterns of neural responses that are distinguishable from the patterns of responses induced by other 
sets of images. Moving along the surface of the manifold changes the image itself but maintains the ability of the neural 
population to discriminate the image from others. This is a direction of invariance. Moving away from, or orthogonal to, 
the surface of the manifold changes the image in a way that prevents the population from effectively discriminating. This 
is a direction of selectivity. The manifold shown here corresponds to a set of population responses that are selective for 
proboscis monkeys, not just for image patches with similar color and texture, but are also invariant to changes in size 
(near vs far) and context (face only vs face and body).

Selectivity and invariance

Freeman & Ziemba, 2011



Object tangling

DiCarlo & Cox, 2007



Untangling object manifolds along the ventral visual stream

DiCarlo & Cox, 2007



The form processing pathway maintains an “equally distributed” representation of images
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the sunburst) to the other. Fig. 3B shows two observation
periods during this task, one from each monkey. Each plot
illustrates the stimulus configuration, the neuron’s activity, and
the monkey’s reported percept throughout the entire obser-
vation period. In both cases, the neuron discharged only before
and during the periods in which the monkey reported seeing
the effective stimulus. During rivalrous stimulation, the stim-
ulus configuration remained constant, but significant changes
in cell activity were accompanied by subsequent changes in the
monkeys’ perceptual report.

The neural activity was further analyzed by constructing
average spike density functions (SDFs), sorted by the monkey’s
perceptual reports. Fig. 4A shows these data for the same cell
depicted in the Fig. 3B Upper. Fig. 4A Upper and Lower show
responses in nonrivalrous and rivalrous conditions, respec-
tively. As shown in Fig. 3A, this neuron fired vigorously when
the monkey reported seeing the cell’s preferred pattern in both
the nonrivalrous and rivalrous conditions. However, when the
monkey reported seeing the ineffective stimulus, the cell

response was almost eliminated, even when the effective
stimulus was physically present during rivalry.

To increase the instances of exclusive visibility of one
stimulus, and to further ensure that the monkey’s report
accurately ref lected which stimulus he perceived at any given
time, we also tested the psychophysical performance of the
monkeys and the neural responses of STS and IT cells using
the f lash suppression paradigm (10). In this condition, one
of the two stimuli used to instigate rivalry is first viewed
monocularly for 1–2 sec. Following the monocular preview,
rivalry is induced by presenting the second image to the
contralateral eye. Under these conditions, human subjects
invariably perceive only the newly presented image and the
previewed stimulus is rendered invisible. Previous studies
have shown that the suppression of the previewed stimulus
is not due to forward masking or light adaptation (10) and
that instead it shares much in common with the perceptual
suppression experienced during binocular rivalry (11). In our
experiments, the monkeys, just like the human subjects,

FIG. 3. Neural responses during passive viewing and during the behavioral task. (A) Response selectivity of an IT neuron. Effective stimuli were
the two butterfly images, while almost all other tested images (30 tested, 4 shown) elicited little or no response from the cell. Each plot shows aligned
rasters of spikes collected just before, during, and after the presentation of the image depicted below the graph. The smooth filled lines in each
plot are the mean SDFs for all trials. The dotted vertical lines mark stimulus onset and stimulus removal. (B) Example observation periods taken
from the behavioral task for individual cells from monkey N (Upper) and monkey R (Lower). Observation periods during behavioral testing consisted
of random combinations of nonrivalrous stimuli and rivalrous periods. Dotted vertical lines mark transitions between stimulus conditions. Rivalry
periods, which could occur at any time during an observation period, are shown by the filled gray background. The horizontal light and dark bars
show the time periods for which the monkey reported exclusive visibility of the left-lever (sunburst) and right-lever (e.g., butterfly or monkey face)
objects. Note that during rivalry the monkey reports changes in the perceived stimulus with no concomitant changes of the displayed images. Such
perceptual alternations regularly followed a significant change in the neurons’ activity, as shown by the individual spikes in the middle of each plot
and by the SDFs below the spikes. Note the similarity of the responses elicited by the unambiguous presentation of the effective and ineffective
stimuli (white regions) with those responses elicited before either stimulus becomes perceptually salient during rivalrous stimulation (gray region).

3410 Neurobiology: Sheinberg and Logothetis Proc. Natl. Acad. Sci. USA 94 (1997)



consistently reported seeing the stimulus presented to the
eye contralateral to the previewing eye during the f lash
suppression trials.

To confirm that the animals responded only when a flashed
stimulus was exclusively dominant, catch trials were introduced
in which mixed stimuli were flashed, after which the monkey
was required to release both levers. Performance for both
animals was consistently .95% for this task. Fig. 4B shows the
activity of an STS neuron in the flash suppression condition.
Fig. 4B Upper shows the cell responses for monocular presen-
tations, and the Fig. 4B Lower shows the neuron’s activity at
the end of the monocular preview (to the left of the dotted

vertical line) and when perceptual dominance is exogenously
reversed as the rival stimulus is presented to the other eye (to
the right of dotted vertical line). The cell fires vigorously when
the effective stimulus dominates perception and ceases firing
entirely when the ineffective stimulus is made dominant. To
better understand the differences between the temporal areas
and the prestriate areas, recordings were also performed in
area V4 using the flash suppression paradigm (D. Leopold and
N.K.L., unpublished observations). V4 neurons were largely
unaffected by the perceptual changes during flash suppression.
Presenting the ineffective stimulus after priming with the
effective one caused no alteration in the firing rate of any of

FIG. 4. Cell activity sorted by the dominant percept during nonrivalrous and rivalrous conditions. (A Upper) Averaged responses to the
monocularly presented ineffective and effective stimuli. Above each graph is a pictorial representation of the visual stimuli presented. At time zero,
depicted by the dotted line, the stimulus changed from either a blank screen or a mixed-object (data not shown) to the ineffective (Left) or effective
(Right) stimulus. The cell fired only in response to the butterfly pattern. Presentation of the sunburst had little or no effect on the neuron’s activity.
(Lower) Response of the cell just before and after the onset of rivalrous stimulation, with the effective stimulus presented to one eye and the
ineffective to the other. The data are sorted based the monkey’s perceptual report: trials in which the monkey first reported seeing the ineffective
stimulus (Left) and those for which the monkey first reported seeing the effective stimulus (Right). In these conditions, the stimuli presented are
identical, but the recorded cell response correlates well with the monkey’s reported percept. (B) Data collected using the suppression paradigm.
The nonrivalrous trials (Upper) show that this cell consistently responded to the effective stimulus and not at all to the ineffective stimulus. The
flash suppression trials are similar to the rivalry trials shown in A, except that preceding the rivalrous stimulation, either the effective stimulus (Lower
Left) or ineffective stimulus (Lower Right) was previously presented monocularly. Rivalry onset, marked by the dotted vertical line, thus consisted
of adding either the ineffective or effective stimulus to the rivalrous pair. Following rivalry onset, the monkey’s reported percept consistently
switched to the newly presented stimulus, and the previewed stimulus was perceptually suppressed. Using this paradigm, phenomenal suppression
was especially effective, and cell activity during the onset of rivalrous stimulation closely mirrored that during the nonrivalrous controls.

Neurobiology: Sheinberg and Logothetis Proc. Natl. Acad. Sci. USA 94 (1997) 3411
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Ungerleider & Mishkin, 1982

Ventral pathway
Form, recognition, memory

Dorsal pathway
Space, motion, action



Why motion?

George Mather, Patrick Cavanagh, and others
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Figure 1
First demonstration of direction selectivity in macaque MT/V5 by Dubner & Zeki (1971). (a) Neuronal
responses to a bar of light swept across the receptive field in different directions (modified from figure 1
of Dubner & Zeki 1971). Each trace shows the spiking activity of the neuron as the bar was swept in the
direction indicated by the arrow. The neuron’s preferred direction was up and to the right. (b) Oblique
penetration through MT (modified from figure 3 of Dubner & Zeki 1971) showing the shifts in preferred
direction indicative of the direction columns subsequently demonstrated by Albright et al. (1984). See
also Figure 4.

visual responses from the V1-projection zone
in anesthetized macaques, in so doing es-
tablishing a number of physiological hall-
marks, particularly their direction-selective
responses (Figure 1a). Quite presciently, they
also suggested a columnar organization for
direction-selective neurons (Figure 1b) and
a role for MT signals in guiding pursuit
eye movements, both subsequently confirmed
(Albright et al. 1984, Lisberger et al. 1987).
Around the same time, Allman & Kaas (1971)
were recording from owl monkeys and using
a different approach. They made systematic
rows of microelectrode penetrations across
the entire cortex, mapping receptive fields as
they went, thus discovering a large number of
retinotopically organized maps. One of these,
which they named MT for middle temporal,
mapped onto a well-defined region of dense
myelination in the lower layers and contained
neurons that responded better to drifting bars
than to flashed spots. The myelination was
also later shown to be characteristic of the
macaque motion area (Van Essen et al. 1981),
which Zeki subsequently named V5. This his-
tochemical feature has been an underappreci-
ated factor in contributing to the detail with
which MT has been studied because it has per-
mitted reliable comparisons across different
studies.

Following the first studies, a series of pa-
pers confirmed that MT contained a high
concentration of direction-selective neurons
in several species of both New and Old
World monkeys (Zeki 1974, 1980; Baker et al.
1981; Van Essen et al. 1981; Maunsell & Van
Essen 1983a,b; Felleman & Kaas 1984). These
studies indicated that MT was both unique
as a cortical area highly specialized for visual
motion and, at the same time, common to a
number of different primate species.

Preferred
direction: the
direction of motion
eliciting the greatest
response from a
given neuron

CONNECTIONS
Like every other cortical area, MT has a rich
set of interconnections with other regions of
the cortex as well as with numerous subcor-
tical structures. These connections have been
discussed in previous publications (Felleman
& Van Essen 1991, Orban 1997, Lewis &
Van Essen 2000), so we do not recapitulate
them here. From a broad perspective, MT’s
corticocortical connections identify it as one
of the main inputs into the dorsal or poste-
rior parietal processing stream (Ungerleider
& Mishkin 1982, Maunsell & Newsome
1987), and its key outputs target structures
that are implicated in the analysis of optic flow
(e.g., MST, VIP) and the generation of eye
movements (e.g., LIP, FEF, SC, dorsolateral
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Maunsell & Van Essen, 1983

MT

Hubel & Wiesel, 1968

V1



Movshon & Newsome, 1996



→

Movshon & Newsome, 1996
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Figure 6
Center-surround interactions in MT. (A) Effect of contrast on center-surround interactions for one MT
neuron. When tested with high-contrast random dots (RMS contrast 9.8 cd/m2) the neuron responded
optimally to a circular dot patch 10◦ in diameter and was strongly suppressed by larger patterns. The
same test using a low-contrast dot pattern (0.7 cd/m2) revealed strong area summation with increasing
size. (B) Population of 110 MT neurons showing the strength of surround suppression measured at both
high and low contrast. Surround suppression was quantified as the percent reduction in response between
the largest dot patch (35◦ diameter) and the stimulus eliciting the maximal response. Each dot represents
data from one neuron; the dashed diagonal is the locus of points for which the surround suppression was
unchanged by contrast. The circled dot is the cell from panel A. (C) Asymmetries in the spatial
organization of the suppressive surround (after Xiao et al. 1997). Different kinds of surround geometry
are potentially useful for calculating spatial changes in flow fields that may be involved in the
computation of structure from motion. Neurons whose receptive fields have circularly symmetric
surrounds (top) are postulated to underlie figure-ground segregation. The first- (middle) and second-order
(bottom) directional derivatives can be used to determine surface tilt (or slant) and surface curvature,
respectively (Buracas & Albright 1996). Panels A and B are from Pack et al. 2005.

order) or curvature (second order) (Droulez
& Cornilleau-Peres 1990, Koenderink & van
Doorn 1992, Buracas & Albright 1996). This
potential role of the surround in structural
computations is discussed further in the next
section.

Null direction: the
direction of motion
opposite that
eliciting the greatest
response from a
given neuron; e.g., if
a neuron responds
optimally to
rightward motion, its
preferred direction is
right and its null
direction is left.

The source of MT surrounds remains un-
clear. One possibility is that the surrounds are
already present in the inputs to MT. Though
center-surround interactions for motion have
been reported in V1 (Gulyas et al. 1987, Levitt
& Lund 1997), the relative paucity of such in-
teractions in the input layers of MT (Lagae
et al. 1989, Raiguel et al. 1995, Born 2000) and
the very large size of MT surrounds—at least
several-fold larger than their centers (Allman
et al. 1985a, Tanaka et al. 1986, Raiguel et al.
1995)—make this an unlikely explanation. It
may be that surrounds reflect feedback from
higher areas such as MST or are created by

horizontal connections within MT (Malach
et al. 1997).

THE COMPUTATION OF
VELOCITY
By “velocity” we mean the vector representa-
tion of the direction and speed of retinal mo-
tion. As discussed above, MT adds little to the
raw direction and speed tuning already found
in V1, but researchers still think it plays a role
in computing the motion of whole objects or
patterns. The nature of that role is the subject
of this section. We first discuss some theoret-
ical considerations and outline the roles MT
might play.

For a rigid object, it would seem trivial to
compute pattern motion because one would
expect every part of the object to have the
same velocity. But the measurements obtained

168 Born · Bradley
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Center-surround interactions in MT
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FIG. 5. Responses of a representative unit in MT to stimuli moving in its preferred direction at different speeds. 
In this and all subsequent plots the speed axis is logarithmic. Bars indicate the standard errors of the mean for five 
repetitions of each speed. A dashed line marks the background rate of firing. This unit, like most in MT, had a 
sharp peak in its response curve. Summed response histograms in the lower half of the figure show that the peak 
rate of firing closely follows the average rate of firing. Tic marks under each histogram denote times of stimulus 
onset and offset. The receptive field was 15” across and each stimulus traversed 20”. 

stimulus repetitions to achieve a satisfactory 
standard error of the mean. 

Responses from four units that showed 
narrow tuning for stimulus speed are illus- 
trated in Fig. 6A. The abscissa is again log- 
arithmic. All these units showed inhibition 
to speeds that were far from their preferred 
speed, and portions of the tuning curves that 
are below background rate firing are indi- 
cated by dashed lines. In the overall popu- 
lation, a few units had responses that re- 
mained high toward one end of the range or 
the other, but the great majority had a clear 
peak. Inhibition at speeds far from the op- 

timum was seen only occasionally on the 
slow side of the peak but was more common 
on the fast side. There was no obvious cor- 
relation between the sharpness of tuning for 
speed and that for direction in our sample. 
Many units were examined with manual 
monocular stimulation for evidence of dif- 
ferent preferred monocular speeds. As with 
preferred direction, the monocular preferred 
speeds were similar to one another and to the 
binocular value. 

Orban et al. (41) reported that neurons in 
cat areas 17 and 18 could be grouped into 
four distinct classes based on the speeds to 

Speed tuning
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Gratings, plaids, and coherent motion



Movshon, Adelson, Gizzi & Newsome, 1985

Grating response Predicted plaid response



Grating responses Plaid responses

V1 cell

90o

MT component cell

90o

MT pattern cell

135o

Movshon, Adelson, Gizzi & Newsome, 1985
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Movshon & Newsome, 1996



Khawaja, Tsui & Pack, 2009

MST also contains a high proportion of pattern cells



Khawaja, Tsui & Pack, 2009

Local field potentials may reveal stages in pattern computation



Khawaja, Tsui & Pack, 2009

Local field potentials may reveal stages in pattern computation



Movshon, Adelson, Gizzi & Newsome, 1985

Grating responses Plaid responses

MT pattern cell

Components of the optimal plaid Plaids containing the optimal grating



Movshon et al, 1985

Hubel & Wiesel, 1962
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Simoncelli & Heeger., 1998

In search of a simple model



A simple and (mostly) feedforward model
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1D motion stimuli: gratings



2D motion stimuli: plaids



2D motion stimuli: textures



1D motion stimuli







Is pattern motion computed globally?

Majaj, Carandini & Movshon, 2007
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Pattern motion is computed 
locally
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How do local and global motion signals interact?

Hedges, Gartshteyn, Kohn, Rust, Shadlen, Newsome & Movshon, 2011
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A simple and (mostly) feedforward model
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Direction-interaction:
Gratings



Direction-interaction:
Plaids



Direction-interaction:
One common component



Direction-interaction:
Common axis
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Spatial and spectral structure of motion-enhanced natural movies

Nishimoto & Gallant, 2011
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“Motion-enhanced” natural movies
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“Motion-enhanced” natural movies, and friends



Analysis of MT neurons using a “boosted” model 

Nishimoto & Gallant, 2011



Estimated spectral receptive fields of four MT neurons

Nishimoto & Gallant, 2011
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receptive fields form a ring within the optimal velocity plane. 
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Two neural correlates of consciousness
Ned Block

Departments of Philosophy and Psychology, New York University, 100 Washington Square East, New York, NY 10003-6688, USA

Neuroscientists continue to search for ‘the’ neural
correlate of consciousness (NCC). In this article, I argue
that a framework in which there are at least two distinct
NCCs is increasingly making more sense of empirical
results than one in which there is a single NCC. I outline
the distinction between phenomenal NCC and access
NCC, and show how they can be distinguished by experi-
mental approaches, in particular signal-detection theory
approaches. Recent findings in cognitive neuroscience
provide an empirical case for two different NCCs.

Introduction
I have previously proposed a conceptual distinction
between phenomenal consciousness and access conscious-
ness [1–3]. Phenomenally conscious content is what differs
between experiences as of red and green, whereas access-
conscious content is content information about which is
‘broadcast’ in the global workspace. Some have accepted
the distinction but held that phenomenal consciousness
and access consciousness coincide in the real world ([4,5]
but see [6]). Others have accepted something in the
vicinity of the conceptual distinction but argued that
only access consciousness can be studied experimentally
[7]. Others have denied the conceptual distinction itself
[8]. This article argues that the framework of phenomenal
consciousness and access consciousness helps to make
sense of recent results in cognitive neuroscience; we see a
glimmer of an empirical case for thinking that they
correspond to different NCCs.

Phenomenal NCC
Christof Koch defines ‘the’ NCC as ‘the minimal set of
neuronal events and mechanisms jointly sufficient for a
specific conscious percept’ ([9] p. 16). However, since there
is more than one concept of consciousness, this definition
allows that a given percept may have more than one NCC.
In my proposed framework, the Phenomenal NCC is the
minimal neural basis of the content of an experience, that
which differs between the experience as of red and the
experience as of green.

I will start with an example: the neural basis of visual
experiences as of motion is likely to be activation of a
certain sort in area MT/V5. (Philosophers often use the
terminology ‘as of ’ motion instead of simply ‘of ’ motion,
since the experience can and does occur without motion.)
The evidence includes:

† Activation of MT/V5 occurs during motion
perception [10].

† Microstimulation to monkey MT while the monkey
viewed moving dots influenced the monkey’s motion
judgements, depending on the directionality of the
cortical column stimulated [11].

† Bilateral damage to a region that is likely to include
MT/V5 in humans causes akinetopsia, the inability
to perceive and to have visual experiences as of
motion [12,13].

† The motion after-effect – a moving afterimage –
occurs when subjects adapt to a moving pattern and
then look at a stationary pattern. These moving
afterimages also activate MT/V5 [14].

† Transcranial magnetic stimulation (TMS) applied to
MT/V5 disrupts these moving afterimages [15].

† MT/V5 is activated even when subjects view ‘implied
motion’ in still photographs, for example, of a discus
thrower in mid-throw [16].

† TMS applied to visual cortex in the right circum-
stances causes phosphenes – brief flashes of light and
color [17]. When TMS is applied to MT/V5, it causes
subjects to experience moving phosphenes [18].

Mere activation over a certain threshold in MT/V5 might
not be enough for the experience as of motion; the
activation probably has to be part of a feedback loop –
what Lamme [19,20] calls recurrent processing. Pascual-
Leone and Walsh [21] applied TMS to both MT/V5 and V1
(the first cortical destination for signals from the eyes)
in human subjects, with the pulses placed so that the
stationary phosphenes produced by the pulses to V1 and
the moving phosphenes from pulses to MT/V5 overlapped
in visual space. When the pulse to V1 was applied 5–45 ms
later than that to MT/V5, all subjects said that their
phosphenes were mostly stationary instead of moving
(see [21] for references to single-cell recording in monkeys
which comports with these results.) The delays are
consonant with the time for feedback between MT/V5
and V1, which suggests that experiencing moving phos-
phenes depends not only on activation of MT/V5 but also
on a recurrent feedback loop to V1 and back toMT/V5, [21].

So recurrent activity in and around MT/V5, in the
context of other brain areas functioning normally – exactly
which brain areas are required is unknown at present – is
a good bet for being the physical basis of visual experience
as of motion (but see [22,23] for some data that complicate
this conclusion). Corresponding conclusions can be drawn
for other types of contents of experience. For example,
recurrent activation of the fusiform face area on the
ventral surface of the temporal lobe (again in context)
may determine experience as of a face [24]. The overall
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conclusion is that there are different Phenomenal NCCs
for different phenomenal contents (cf. Zeki on micro-
consciousness [25,26]).

Of course, no one would take recurrent activation of
MT/V5C V1 all by itself in a bottle as sufficient for
experience of motion (Box 1). A useful distinction here is
that between a ‘core’ and a ‘total’ NCC [27,28]. The total
NCC of a conscious state is – all by itself – sufficient for
the state. The core NCC is the part of the total NCC
that distinguishes one conscious state from another – the
rest of the total NCC being considered as the enabling
conditions for that conscious experience [9]. In these terms,
then, the core Phenomenal NCC for the neural basis of the
experience as of motion as opposed to the experience as
of red or as of a face is likely to be recurrent activation of
MT/V5 (see Figure 1).

Access NCC
We can distinguish between phenomenal contents of
experience and access-conscious contents – contents
information about which is made available to the brain’s
‘consumer’ systems: systems of memory, perceptual cate-
gorization, reasoning, planning, evaluation of alterna-
tives, decision-making, voluntary direction of attention,
and more generally, rational control of action. Wide
availability motivates the idea that there is a ‘global
workspace’ [29], and that information concerning con-
scious representations is ‘broadcast’ in this global work-
space. The neural basis of information being sent to this
global workspace can be called the ‘Access NCC’.

Rees et al. [13] note that in studies of the neural
correlates of bistable perception, in which there are
spontaneous fluctuations in conscious contents, reports
of conscious contents correlate with activation in frontal
and parietal areas. Dehaene and Changeux [7] suggest
that a significant piece of the neural machinery of what
they call ‘access to consciousness’ (roughly equivalent to
my access-consciousness) is to be found in ‘workspace
neurons’, which have long-range excitatory axons that
allow, for example, visual areas in the back of the brain to
communicate with frontal and parietal areas. Thus it is a

good guess that the visual Access NCC, the neural basis of
access, is activation of these frontal and parietal areas by
occipital and inferior temporal areas (see Figure 2).

As Dehaene and his colleagues [7] have emphasized,
there is a winner-take-all competition among represen-
tations to be broadcast in the global workspace. This point
is crucial to the nature of the Access NCC and the dif-
ference between it and the Phenomenal NCC. One item of
evidence for winner-take-all processes derives from the
attentional blink paradigm, in which the subject is given
a string of very brief visual stimuli, most of which are
distractors. If there are two targets separated by an
appropriate delay, the subject does not report seeing the
second one, even though the second one would have been
likely to be reported if the subject had not been given the
first target. Dehaene et al. [30] used a modified attentional
blink paradigm, in which subjects were asked to indicate
on a continuous scale the visibility of the second target.
The second target was at its peak of invisibility when the
targets were separated by 260 ms. The result of interest
here is that the subjects almost never used the intermedi-
ate cursor positions (at the 260 ms delay); that is, they
rated the ‘blinked’ stimulus as either totally unseen or
as totally seen almost all the time. Thus, Phenomenal
NCC activations compete for dominating the Access NCC.
Importantly, it is not the case that the Phenomenal NCC
representation that is highest in initial activation will
dominate, because domination can be the result of ‘biasing’
factors such as expectations or preferences [20,31].

Although the winning Phenomenal NCC will in general
be amplified by the recurrent loop, a losing Phenomenal

Box 1. Area MT/V5 in a bottle?

The total Phenomenal NCC for the experience as of motion is a
sufficient condition all by itself for the experience. What might that
turn out to be? I suggest approaching the question by asking what
we could remove from a normal brain and still have that experience.
My suggestion is that we might be able to remove – at least – areas
responsible for access to experiential contents and still have more or
less the same experiential contents. Nakamura and Mishkin [48,49]
removed frontal, parietal and superior temporal areas in one
hemisphere of monkeys, leaving what is usually considered to be
the visual system intact. They also disconnected visual inputs to the
undamaged hemisphere. This preparation is sometimes said to
cause blindness [13], but Nakamura and Mishkin are careful to say
that this is shorthand for behavioral unresponsiveness to visual
stimuli (at least temporarily), and should not be taken to show
complete lack of visual sensation. One intriguing result is that when
the limbic (emotional) system in the damaged hemisphere was left
intact, the monkeys showed eye and head movements as if engaged
in visual exploration. This contrasts with monkeys in which V1 is
ablated who stare fixedly.

V1
(striate 
cortex)

V2

V3

V4

V5
(MT)

V5A

V3A
Activation

Figure 1. The core Phenomenal NCC for the visual experiential content as ofmotion:
MT/V5 activation with recurrent loops (indicated by arrows) to and from lower
areas. Adapted from [51], p 97, as modified in [52], arrows indicating recurrent
loops added.
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Block’s conjecture
MT is “the core 

phenomenal neural 
correlate of consciousness 
for the visual experiential 

content as of motion”



Local and global motion signals


