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Attempts to decode what has become known as the

(singular) neural correlate of consciousness (NCC) sup-

pose that consciousness is a single unified entity, a

belief that finds expression in the term ‘unity of con-

sciousness’. Here, I propose that the quest for the NCC

will remain elusive until we acknowledge that con-

sciousness is not a unity, and that there are instead

many consciousnesses that are distributed in time

and space.

In this article, I propose that there are multiple con-
sciousnesses which constitute a hierarchy [1,2], with what
Kant [3] called the ‘synthetic, transcendental’ unified
consciousness (that of myself as the perceiving person)
sitting at the apex. Here, I restrict myself to writing about
visual consciousness and, within vision, mainly about the
colour and the visual motion systems, about which we
know relatively more. For if it can be shown that we are
conscious of these two attributes at different times,
because of spatially and temporally different mechanisms,
then the statement that there is a single, unified
consciousness cannot be true.

Functional specialization in the visual brain

The foundation stone for my argument rests on the fact of
functional specialization in the visual brain [4–6], from
which several consequences follow. By general agreement,
this functional specialization is especially true of the
colour and the visual motion systems, which occupy
geographically distinct locations in the visual cortex
(Fig. 1). A pivotal area for the colour system is the V4
complex, and for the visual motion system the V5 complex
[5,7]. There is substantial agreement that the two systems
have distinct, and characteristic, anatomical inputs,
despite the many anatomical opportunities for them to
interact. The geographical separation of the two systems
constitutes the cornerstone of a ‘theory of multiple
consciousnesses’.

Further support comes from the generally accepted
clinical evidence that lesions of V4 and of V5 lead to
different visual disabilities, the former resulting in an
achromatopsia (acquired colour blindness) [8,9] and the
latter in an akinetopsia [10,11] (acquired visual motion
blindness) (Fig. 1). Crucially, a lesion in one area does not
invade and disable the perceptual territory of the other.
Thus an akinetopsic patient sees colours consciously even
though unable to perceive and be conscious of (fast)
motion. By contrast, an achromatopsic patient is unable to
perceive and be conscious of colours but is able to see and

be conscious of visual motion effortlessly. Hence conscious-
ness of these elementary visual attributes are distinct
from one another and I speak of them as ‘micro-
consciousnesses’ [2]. Of course, to perceive something is
to be conscious of it and thus to say ‘perceiving consciously’
is to be tautologous, but the tautology serves to emphasize
a point that is not always clearly made.

Processing sites are also perceptual sites

One conclusion from the clinical evidence is that a micro-
consciousness for colour or visual motion is generated
through activity at a distinct processing site, and therefore
that a processing site is also a perceptual site. Such a
conclusion is reinforced by studies of the visual motion
centre, area V5, which receives a direct visual input that
bypasses the primary visual cortex (area V1) (Fig. 2)
[12–15]. The perceptual consequences of this anatomical
arrangement have been well studied in patient GY, blinded
in one hemifield in childhood by damage to V1. Our
psychophysical and imaging experiments [16,17], inde-
pendently confirmed [18], have shown that, in spite of his
blindness, this direct visual input to V5 [19–21] is
sufficient to give GY a crude but conscious vision for fast
moving, high contrast stimuli, the perception of which is
mediated by V5 [17] (Fig. 2). It has also been shown that
his consciousness, when visually stimulated, is visual [22].
These findings suggest that, contrary to previous

Fig. 1. Visual areas V4 (a) and V5 (b) of the human brain, specialized for colour and

motion, respectively. Each receives inputs from the primary visual cortex (V1) and

registers the relevant activity in the contralateral hemifield. Lesions in V4 produce

achromatopsia – the inability to see colours; motion vision remains intact. Lesions

in V5 produce akinetopsia, the inability to see motion; colour vision is unaffected.
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assumptions [23–25], conscious vision is possible without
V1 and also that, if one can channel an appropriate visual
input to a specialized visual area, then activity in it can
result in a conscious correlate even if it is deprived of one of
its major sources of visual input. It is thus incorrect to
think of prestriate cortex as being not ‘conscious’ cortex
[26]. Moreover, the switch from a state when GY is not
conscious of visual stimuli and cannot therefore discrimi-
nate them correctly to the state when he is conscious of
them and can therefore discriminate them correctly is
accompanied by a significant increase in activity in area
V5, not elsewhere [17]. This has led us to propose that it is
heightened activity within a specialized cortical area that
leads to conscious vision and that its absence (or lower
activity) in the same area correlates with a lack of
conscious experience, a proposal that has been confirmed
in other systems, not related to visual motion [27] or even
exclusively to vision [28].

Direct evidence that cortical processing sites are also
perceptual sites comes from combined psychophysical–
imaging experiments in humans [29]. Using dichoptic
stimulation, where identical visual stimuli are presented
for brief periods to the two eyes separately, thus leading to
binocular fusion, one finds that when the two stimuli are
identical in every respect (for example, an outline red
house, or face, against a green background), subjects are
able to identify (i.e. perceive) the stimulus correctly. But
when the stimuli presented to the two eyes are of reverse
colour contrast (for example, outline red house against a
green background to the right eye and outline green house
against a red background to the left eye), subjects report
seeing only yellow. Under these conditions, imaging
experiments show that the same specific areas of the
brain, specialized for the processing and seeing of houses
(or faces), are active, regardless of whether the subjects
saw the stimulus (were conscious of it) or not (see Box 1).

The difference between the two states is that, in the
former, the activity is higher than in the latter, although
we do not know yet whether this is owing to the
recruitment of previously inactive cells, to an increased
discharge of already active cells, or to an increase in
synaptic input without an increase in firing rate [30]. This
direct evidence obviates the need to postulate separate
cortical area(s) necessary for perception, as opposed to
non-conscious processing. Of course, processing–percep-
tual sites are not sufficient on their own in generating a
conscious correlate but depend upon enabling systems in
the brain stem [18] and possibly additional uncharted
cortical systems.

The asynchrony and temporal hierarchy of visual

perception

Much has been written about the ability of so intricate a
system as the visual brain, with its many parts and
distributed parallel pathways, to process all attributes of
the visual world simultaneously and thus provide a visual
image in which all the different attributes are seen in
perfect spatial and temporal registration. Our direct
psychophysical results [31,32], now confirmed [33,34],
show that this is not true over brief time windows. In
particular, it has been shown that colour is perceived
before motion by ,80 ms. Nor is the perceptual asyn-
chrony limited to colour and motion, because it has also
been shown that locations are perceived before colours
[35], which are perceived before orientations [31]. The
perceptual delay between colour and orientation (both
first-order changes) makes it difficult to accept an
alternative interpretation of our results [36], which
suggests that the asynchrony is the result of comparisons
between a first-order (colour) and a second-order (motion
direction) change. We had assumed [2] that this asyn-
chrony is due to differences in processing time between
visual attributes and this assumption has been elegantly
supported by recent experiments [37].

Because we become conscious of colour before we
become conscious of motion, it follows that the micro-
consciousnesses generated by activity at two distinct
cortical sites are distributed in time as well. From this it
follows that micro-consciousnesses are distributed in time
and space, and that there is a temporal hierarchy of micro-
consciousnesses, that for colour preceding that for motion.
Of course, it is also true that over longer periods of time, in
excess of 500 ms, we do see different attributes in perfect
temporal and spatial registration (the attributes are
‘bound’ together). This raises questions that binding
studies have so far not addressed, mainly whether one
area ‘waits’ for the other to finish its processing, and
whether a time buffer is part of the physiological
mechanism for this waiting period.

Binding and macro-consciousnesses

The issue of binding between different attributes has not
been systematically addressed to date by physiological
studies; rather, the principal concern has been how
activity of cells in a single area is bound to the activity of
other cells in the same area to signal, for example, a
continuous straight line [38]. This has led to the conclusion

Fig. 2. The flow of visual information from the retina to V1 and V5. Notice that V5

receives a dual input from the retina, one through V1 and another that bypasses

V1.
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that it is the binding itself that leads to the conscious
experience [39,40]. Whatever its merits, this proposal
cannot be accepted as being necessarily true of binding the
activity between two specialized areas. The most compel-
ling evidence for doubting this lies in the anatomy, which
shows that there are few, if any, direct connections
between V4 and V5 in the monkey. Correspondingly,
chronoarchitectonic maps of human cerebral cortex [41],
generated when subjects view complex scenes, show that
the time courses of activity in human V4 and V5 are
significantly uncorrelated, from which we can infer that
there are no direct anatomical links between them. On the
other hand, anatomical evidence from monkey shows that
V4 and V5 project in a juxta-convergent manner to further

areas, in both the parietal and temporal areas [42]. This
raises two inter-related questions: (1) whether binding of
activity between two specialized areas such as V4 and V5
involves further area(s), and (2) whether binding occurs
during the processing stage or is post-conscious, occurring
only after a conscious correlate is generated in each of the
two areas.

One indication that binding may be post-conscious
comes from our current psychophysical experiments that
demonstrate that the binding of colour to motion occurs
after the binding of colour to colour or motion to motion
[43]. Thus subjects become conscious of the bound percept
after they become conscious of the attributes that are
bound, again suggesting a temporal hierarchy inperception.

Box 1. Combining psychophysics and imaging to demonstrate cortical processing–perceptual sites.

In the experiment of Moutoussiss and Zeki [29], subjects viewed

pictures of houses, faces, and uniformly-coloured control squares

dichoptically. When the stimuli presented to the two eyes were of

reverse colour contrast (for example, an outline green house against a

red background to the left eye and an outline red house against a green

background to the right eye; Fig. Ia), subjects reported seeing no object

but only a uniform yellow field, as in the case when uniform red and

green fields were presented.

The group results from the concurrent fMRI recording revealed that

brain activation was correlated with both perceived and not-perceived

conditions (Fig. Ic), but the level of activation was higher in the perceived

condition. The contrast same houses minus same faces (SH–SF) shows

bilateral stimulus-specific activation in the parahippocampal gyrus

(Talairach coordinates: 230, 244, 212 and 26, 244, 210). The contrast

opposite houses minus opposite faces (OH–OF) shows unilateral

stimulus-specific activation in the same region (238, 242, 210). The

contrast SF–SH reveals stimulus-specific activation in a region of the

fusiform gyrus (42, 282, 212), and the contrast OF–OH reveals

stimulus-specific activation in the same brain region (44, 274, 214).

This experiment provides direct evidence that cortical processing sites

are also perceptual sites.

Fig. I. The stimulation method and results from the experiment in Ref. [29]. (a)

The input to the two eyes and the expected perceptual output. Dichoptic stim-

uli of opposite colour contrast (Opposite stimulation) between the two eyes

were invisible, whereas identical stimuli of the same color contrast (Same

stimulation) were easily perceived. Continuous fusion of the stimuli was

achieved by using repetitive brief presentations. (b) The averaged performance

of the seven subjects in the discrimination task (face or house stimuli vs. uni-

form yellow). The averaged percentage of the number of stimuli perceived (of

a total of 448 per subject per stimulus category), shown with the standard error

between subjects. SF, same faces; OF, opposite faces; SH, same houses; OH,

opposite houses. (c) Group fMRI results: brain regions showing stimulus-

specific activation under conditions of same and opposite stimulation, reveal-

ing that such activation correlates with perceived and not-perceived conditions

(see text for details). (Modified from Ref. [29].)
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I refer to consciousness of a stimulus or of a percept that is
compound, in the sense that it consists of more than one
attribute, as a ‘macro-consciousness’, to distinguish it from
consciousness of a single attribute alone (e.g. colour).
Consistent with a theory of micro-consciousnesses, it is
interesting to note that a macro-consciousness may be the
result of false binding, as when the veridically ‘wrong’
colour is bound to the ‘right’ motion or form [44]. We have
argued that this results from the brain’s binding what it
has already processed [29].

A macro-consciousness need not, of course, be limited to
a bound visual percept. It could equally signify conscious-
ness of a percept that includes a visual and an auditory
component, or of several visual components that, together,
constitute a distinct new entity, for example a moving
red bus.

Three levels of hierarchies in consciousness

It thus becomes possible to distinguish three hierarchical
levels of consciousness: the levels of micro-consciousness,
of macro-consciousness, and of the unified consciousness.
Of necessity, one level depends upon the presence of the
previous one. Within each level, one can postulate a
temporal hierarchy. This has been demonstrated for the
level of micro-consciousness, because colour and motion
are perceived at different times. It has also been demon-
strated for the level of the macro-consciousnesses, because
binding between attributes takes longer than binding
within attributes. This in turn leads one to postulate a set
of temporal hierarchies, in which the binding of one set of
attributes leading to a given macro-consciousness would
take longer than the binding of another set of attributes
leading to another macro-consciousness, and the binding
of several attributes would take longer still. The exper-
iment has not been conducted yet, but such a result seems
likely.

Micro- and macro-consciousnesses, with their individ-
ual temporal hierarchies, lead to the final, unified
consciousness, that of myself as the perceiving person.
This and this alone qualifies as the unified consciousness,
and this alone can be described in the singular. Kant
probably saw, hesitatingly, the relation between the micro-
consciousness (his ‘empirical consciousness’) and the
unified consciousness. He wrote: ‘All presentations have
a necessary reference to a possible empirical conscious-
ness. For if they did not have this reference, and becoming
conscious of them were entirely impossible, then this
would be tantamount to saying that they do not exist at all.
But all empirical consciousness has a necessary reference
to a transcendental consciousness (a consciousness that
precedes all particular experience), viz., the consciousness
of myself as original apperception’ (original emphasis).
Here, I disagree only with the suggestion that the
‘empirical’ (micro) consciousness has a necessary reference
to the unified, transcendental consciousness.

Kant also suspected that the various attributes must
themselves be synthesized first before being synthesized
into the ‘pure consciousness’, although he could not have
been aware of the principles of functional specialization.
He continues: ‘But because every appearance contains a
manifold, so that different perceptions are in themselves

encountered in the mind sporadically and individually,
these perceptions need to be given a combination that in
sense itself they cannot have. Hence there is in us an active
power to synthesize this manifold’ (which he calls
‘imagination’) [3].

Kant supposed that the ‘transcendental’ consciousness
is present a priori, before any experience is acquired. It is
hard to be conclusive in this regard, but it is worth pointing
out that consciousness of oneself as the perceiving person
amounts to being aware of being aware, and I believe that
this requires communication with others and, especially,
the use of language. The cortical programs to construct
visual attributes must also be present before any experi-
ence is acquired and all experience must therefore be read
into them. It seems more likely that, ontogenetically, the
micro-consciousnesses precede the unified consciousness
and that the programs for them are also present at birth.
Hence, even though in adult life the unified consciousness
sits at the apex of the hierarchy of consciousnesses,
ontogenetically it is the micro-consciousnesses that occupy
this position.

I believe that the search for the neural correlates of
consciousness will be elusive until we acknowledge the
many components of consciousness and their tem-
porally hierarchical relationship to one another. The
transition from the singular neural correlate of
consciousness to the plural neural correlates of the
consciousnesses is a small step on paper but may yet
prove to be a very important one in understanding
consciousness.

Acknowledgements
This work was supported by the Wellcome Trust, London. I am grateful to
my colleagues, and especially Chris Frith, for commenting critically on
earlier versions of the manuscript.

References

1 Zeki, S. and Bartels, A. (1998) The asynchrony of consciousness. Proc.
R. Soc. Lond. B Biol. Sci. 265, 1583–1585

2 Zeki, S. and Bartels, A. (1999) Towards a theory of visual conscious-
ness. Conscious. Cogn. 8, 225–259

3 Kant, I. (1781) Kritik der reinen Vernunft, Transl. W.S. Pluhar (1996)
as Critique of Pure Reason, Hackett, Indianapolis

4 Zeki, S. (1978) Functional specialization in the visual cortex of the
monkey. Nature 274, 423–428

5 Zeki, S. et al. (1991) A direct demonstration of functional specialization
in human visual cortex. J. Neurosci. 11, 641–649

6 Livingstone, M. and Hubel, D. (1988) Segregation of form, color,
movement, and depth: anatomy, physiology, and perception. Science
240, 740–749

7 Wade, A.R. et al. (2002) Functional measurements of human ventral
occipital cortex: retinotopy and colour. Philos. Trans. R. Soc. Lond. B
Biol. Sci. 357, 963–973

8 Meadows, J.C. (1974) Disturbed perception of colours associated with
localized cerebral lesions. Brain 97, 615–632

9 Zeki, S. (1990) A century of cerebral achromatopsia. Brain 113,
1721–1777

10 Zihl, J. et al. (1991) Disturbance of movement vision after bilateral
posterior brain damage. further evidence and follow up observations.
Brain 114, 2235–2252

11 Zeki, S. (1991) Cerebral akinetopsia (visual motion blindness). a
review. Brain 114, 811–824

12 Cragg, B.G. (1969) The topography of the afferent projections in
circumstriate visual cortex studied by the Nauta method. Vis. Res. 9,
733–747

13 Standage, G.P. and Benevento, L.A. (1983) The organization of

Opinion TRENDS in Cognitive Sciences Vol.7 No.5 May 2003 217

http://tics.trends.com

http://www.trends.com


connections between the pulvinar and visual area MT in the macaque
monkey. Brain Res. 262, 288–294

14 Yukie, M. and Iwai, E. (1981) Direct projection from the dorsal lateral
geniculate nucleus to the prestriate cortex in macaque monkeys.
J. Comp. Neurol. 201, 81–97

15 Fries, W. (1981) The projection from the lateral geniculate nucleus to
the prestriate cortex of the macaque monkey. Proc. R. Soc. Lond. B
Biol. Sci. 213, 73–86

16 Barbur, J.L. et al. (1993) Conscious visual perception without V1.
Brain 116, 1293–1302

17 Zeki, S. and ffytche, D. (1998) The Riddoch syndrome: insights into the
neurobiology of conscious vision. Brain 121, 25–45

18 Weiskrantz, L. et al. (1995) Parameters affecting conscious versus
unconscious visual- discrimination with damage to the visual-cortex
(V1). Proc. Natl. Acad. Sci. U. S. A. 92, 6122–6126

19 Beckers, G. and Zeki, S. (1995) The consequences of inactivating areas
V1 and V5 on visual-motion perception. Brain 118, 49–60

20 ffytche, D. et al. (1995) The parallel visual motion inputs into areas V1
and V5 of human cerebral cortex. Brain 118, 1375–1394

21 Buchner, H. et al. (1997) Fast visual evoked potential input into human
area V5. Neuroreport 8, 2419–2422

22 Stoerig, P. and Barth, E. (2001) Low-level phenomenal vision despite
unilateral destruction of primary visual cortex. Conscious. Cogn. 10,
574–587

23 Stoerig, P. and Cowey, A. (1995) Visual-perception and phenomenal
consciousness. Behav. Brain Res. 71, 147–156

24 Rees, G. et al. (2002) Neural correlates of consciousness in humans.
Nat. Rev. Neurosci. 3, 261–270

25 Lamme, V.A. (2001) Blindsight: The role of feedforward and feedback
cortical connections. Acta Psych. 107, 209–228

26 Weiskrantz, L. (1990) The Ferrier lecture, 1989. Outlooks for blind-
sight: explicit methodologies for implicit processes. Proc. R. Soc. Lond.

B Biol. Sci. 239, 247–278
27 Rees, G. et al. (2000) Unconscious activation of visual cortex in the

damaged right hemisphere of a parietal patient with extinction. Brain

123, 1624–1633
28 Dehaene, S. et al. (2001) Cerebral mechanisms of word masking and

unconscious repetition priming. Nat. Neurosci. 4, 752–758
29 Moutoussis, K. and Zeki, S. (2002) The relationship between cortical

activation and perception investigated with invisible stimuli. Proc.
Natl. Acad. Sci. U. S. A. 99, 9527–9532

30 Logothetis, N.K. et al. (2001) Neurophysiological investigation of the
basis of the fMRI signal. Nature 412, 150–157

31 Moutoussis, K. and Zeki, S. (1997) Functional segregation and
temporal hierarchy of the visual perceptive systems. Proc. R. Soc.
Lond. B Biol. Sci. 264, 1407–1414

32 Zeki, S. and Moutoussis, K. (1997) Temporal hierarchy of the visual
perceptive systems in the Mondrian world. Proc. R. Soc. Lond. B Biol.
Sci. 264, 1415–1419

33 Barbur, J.L. et al. (1998) Visual processing levels revealed by response
latencies to changes in different visual attributes. Proc. R. Soc. Lond. B
Biol. Sci. 265, 2321–2325

34 Arnold, D.H. et al. (2001) Asynchronous processing in vision: color
leads motion. Curr. Biol. 11, 596–600

35 Pisella, L. et al. (1998) The timing of color and location processing in
the motor context. Exp. Brain Res. 121, 270–276

36 Nishida, S. and Johnston, A. (2002) Marker correspondence, not
processing latency, determines temporal binding of visual attributes.
Curr. Biol. 12, 359–368

37 Arnold, D.H. and Clifford, C.W. (2002) Determinants of asynchronous
processing in vision. Proc. R. Soc. Lond. B Biol. Sci. 269, 579–583

38 Singer, W. (2001) Consciousness and the binding problem. Ann. New
York Acad. Sci. 929, 123–146

39 Crick, F. and Koch, C. (1990) Towards a neurobiological theory of
consciousness. Semin. Neurosci. 2, 263–275

40 Engel, A.K. et al. (1999) Temporal binding, binocular rivalry, and
consciousness. Conscious. Cogn. 8, 155–158

41 Bartels, A. and Zeki, S. (in press). The chronoarchitecture of the
human brain – functional anatomy based on natural brain dynamics
and on the principle of functional independence. In Human Brain
Function (Frackowiak, R. et al. 2nd edn), Elsevier

42 Shipp, S. and Zeki, S. (1995) Segregation and convergence of
specialized pathways in macaque monkey visual cortex. J. Anat.
187, 547–562

43 Bartels, A. and Zeki, S. (2002) The temporal limits of binding: is
binding post-conscious? Soc. Neurosci. Abstr. 260, 11

44 Moutoussis, K. and Zeki, S. (1997) A direct demonstration of
perceptual asynchrony in vision. Proc. R. Soc. Lond. B Biol. Sci.
264, 393–399

Opinion TRENDS in Cognitive Sciences Vol.7 No.5 May 2003218

http://tics.trends.com

http://www.trends.com

	The disunity of consciousness
	Functional specialization in the visual brain
	Processing sites are also perceptual sites
	The asynchrony and temporal hierarchy of visual perception
	Binding and macro-consciousnesses
	Three levels of hierarchies in consciousness
	Acknowledgements
	References


