
There are only two ways of reaching
knowledge of a machine: one is that the
master who made it should show us its
construction; the other is to dismantle it
down to its smallest springs and examine
them separately and together.

The brain being a machine, we cannot
hope to discover its construction in any
other way than those by which we
discover the construction of other
machines. There is then nothing to do but
what is done with all other machines: I
mean, to dismantle piece by piece all its
springs, and consider how they can act
separately and together.

Nicolaus Steno
Discours sur l'anatomie du cerveau 
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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

Corresponding author: Block, N. (ned.block@nyu.edu).
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vicinity of the conceptual distinction but argued that
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Phenomenal NCC
Christof Koch defines ‘the’ NCC as ‘the minimal set of
neuronal events and mechanisms jointly sufficient for a
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experiences as of motion is likely to be activation of a
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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].
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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.
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cortex)
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V3

V4

V5
(MT)
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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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Contributions of the Visual
Ventral Pathway to Long-Range

Apparent Motion
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Objects displaced intermittently across the visual field will nonetheless give an
illusion of continuous motion [called apparent motion (AM)] under many com-
mon conditions. It is believed that form perception is of minor importance in
determining AM, and that AM is mediated by motion-sensitive areas in the
“where” pathway of the cortex. However, form and motion typically interact
in specific ways when natural objects move through the environment. We used
functional magnetic resonance imaging to measure cortical activation to long-
range AM, compared to short-range AM and flicker, while we varied stability
of structural differences between forms. Long-range AM activated the anterior-
temporal lobe in the visual ventral pathway, and the response varied according
to the form stability. The results suggest that long-range AM is associated with
neural systems for form perception.

AM, like real motion, is a common phenome-
non in everyday life, including the motion cre-
ated in films, television, and neon advertise-
ments. The illusion of motion is created by
discrete alternation in position of “motionless”
forms. A long-standing and fundamental ques-
tion in motion perception is whether AM is
equivalent to real motion (1). The current dom-
inant view considers AM to be detected by the
same visual channels as real motion (1), with
form vision playing at best a minor role. In
particular, it is thought that structural forms are
not the correspondence tokens in AM (2). Re-
cent neuroimaging studies have shown that area
MT, an area important for motion perception but
not form vision, is activated by both real motion
(3–6) and various illusions of motion (7, 8).

However, when one views long-range
AM (9) between two forms, and these forms
have dissimilar shapes, one perceives not
only translation and rotation but also plastic
deformations of the shapes. For example, one
may perceive a triangle moving and simulta-
neously changing its shape to become a circle
or vice versa (10). Long-range AM with a
plastic shape change is also commonly ob-
served in everyday life (11).

The existence of AM under these conditions
implies a motion correspondence match, in
which the visual system somehow identifies an
object in one display with its match in a later
display, even though the object may not be
identical in the two displays. The phenomenon
of shape-changing transformations raises a key

question in understanding of AM, namely
which invariants of an object are preserved
under shape-changing transformations and are
consequently used to achieve a correspondence
match by the visual system (12). No one has yet
devised a general-purpose theory of long-range
AM that can account for its ecological functions
(13). Nevertheless, this analysis of the corre-
spondence problem in shape-changing, long-
range AM led us to hypothesize that long-range
AM is actually associated with global form
perception (12–15).

To test this idea, we used functional mag-
netic resonance imaging (fMRI) to investigate
human cortical areas mediating long-range AM
(16). In experiment 1a (Exp. 1a), the activation
stimulus was two squares separated by about
10° and presented in alternation so as to pro-
duce AM (Fig. 1A). The baseline stimulus was
the same two squares but presented simulta-
neously, so that flicker but no AM was per-
ceived. The data revealed activation not only in
lateral occipitotemporal cortex (17) but also in
the anterior temporal gyri [Talairach coordi-
nates are (–48, –3, –32) and (50, –5, –22)] (Fig.
1, B through D). This latter result was a surprise
because the anterior temporal lobe is a late
destination of the visual form pathway (18),
which is anatomically far removed from area
MT and the “where” pathway.

Two control experiments further tested
whether this activation was specific to long-
range AM, as opposed to short-range AM or
flicker. Exp. 1b compared activation to an indi-
vidual square that was moving (in short-range
AM) versus stationary, and Exp. 1c compared
activation by two flickering squares versus the
same single moving square. No significant acti-
vation was found in the anterior temporal gyri
in these two conditions (Fig. 1, B and D),
while area MT! activated in Exp. 1b coin-

cided with the activated area in the lateral
occipitotemporal cortex found in Exp. 1a and
was also activated with the flickering stimuli
in Exp. 1c (Fig. 1B) (6).

If this activation of the anterior temporal
lobe indeed occurred because long-range AM is
associated with form perception, then varying
the form properties should influence the activa-
tion pattern. This prediction is related to the
fundamental question of what are the primitives
of visual form perception (19, 20). One impor-
tant factor in evaluating potential primitives for
perceptual representation of forms is their rela-
tive stability under changes (19–21). When an
object in the natural environment is subjected to
changes due to its motion (which may be non-
rigid), or to changes of illumination, it is gener-
ally the case that some of its form properties are
altered, while others remain invariant. Specifi-
cally, among these form properties, the topolog-
ical properties, such as “connectivity” and the
number of “holes,” are structurally most stable
under changes: smooth deformations cannot
create or destroy connectedness and holes, but
they do alter other form properties, such as size
and orientation. Exp. 2 was conducted to mea-
sure the correlation of cortical activation in AM
with a range of levels of stability of structural
differences between forms.

AM was produced by five pairs of figures
(Fig. 2A) (22). The differences between the two
figures in pairs B to E represent different levels
of form stability. (The greater the stability of
structural difference between the forms, the
more radical the transformation required to
transform one form into another.) In ascending
order from pairs B to E, they differ in Euclidean
geometry, affine geometry, projective geome-
try, and finally topology with the highest sta-
bility. These constitute a hierarchy of geome-
tries according to Klein’s Erlangen Program,
which provides a formal way to stratify geo-
metric properties with respect to their structural
stability (23). Behavioral studies found that the
relative salience of different geometric proper-
ties is remarkably consistent with this hierarchy
of geometries (19–21).

The activation produced by AM, using these
pairs of figures, in the anterior temporal lobe
was correlated with their form stability under
change (24). The activated cortical volumes as
well as the amplitudes of signal changes in the
anterior temporal lobe increased monotonically
with increasing levels of the stability of struc-
tural differences in the forms (Fig. 2, B through
D). This result suggests that as the stability of
structural difference between two forms is in-
creased, the greater the magnitude of cortical
activation required to produce the perception of
AM between the two forms. Specifically, pair-
wise comparisons by means of GLM (general
linear model) analysis indicated that pair E,
representing the highest stability (topological
difference), caused the strongest activation in
comparison with pairs D, C, and B (for activat-
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