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Anatomical and physiological evidence shows that the primate visual brain consists of many distributed
processing systems, acting in parallel.  Psychophysical studies show that the activity in each of the parallel
systems reaches its perceptual end-point at a different time, thus leading to a perceptual asynchrony in
vision.  This, together with the clinical and human imaging evidence, suggests strongly that the processing
systems are also perceptual systems and that the different processing-perceptual systems can act more or less
autonomously.  Moreover, activity in each can have a conscious correlate without necessarily involving
activity in other visual systems.  This leads us to conclude not only that visual consciousness is itself modular,
reflecting the basic modular organisation of the visual brain, but that the binding of cellular activity in the
processing-perceptual systems is more properly thought of as a binding of the consciousnesses generated by
each of  them.  It is this binding that gives us our integrated image of the visual world.
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optical flow, in both monkey (Sakata et al.
1986, Tanaka and Saito 1989, Wurtz et al.
1990) and man (Shipp et al. 1994, Howard et
al. 1996).

I. Spatially distributed, parallel processing
systems in the visual brain

I.A. The primate visual brain has been
shown to consist of many separate visual
areas (Zeki 1969, Zeki 1971, Allman and Kaas
1974) and the number of areas continues to
grow (Felleman and Van Essen 1991).
Central to the visual brain is the primary
visual cortex, area V1.  This receives its
input from the retina via the lateral
geniculate nucleus and distributes
specialised signals in parallel to the other
visual areas that are situated in the cortex
surrounding it (Zeki 1975, Livingstone and
Hubel 1984, Felleman and Van Essen 1991).

I.E. It follows from the above that one
characteristic of the visual brain is the
presence of spatially distributed, functionally
specialised, processing systems that deal with
different attributes of the visual scene.  The
visual brain is therefore modular in its
organisation.

II. Temporal asynchrony in visual
perception

II.A The major characteristic of the visual
brain, that of spatially distributed parallel
processing systems, raises the question of
how the results of the operations
undertaken by the different processing
systems are integrated to give us our unitary
image of the visual world.  An initial
supposition is that the different processing
systems terminate their tasks at the same
time, or that they report the results of their
operations in a convergent manner to a
central integrator area or areas, or that a
specialised form of communication between
the areas - e.g. in the temporal domain -
leads to an integrated percept.  But
anatomical experi–ments show that there is
no single area that receives input from all
the specialised areas and that when two
specialised areas such as V4 and V5 project
to the same, higher, area, each largely
maintains its territory within the higher
area.  We thus speak of juxta-convergence
rather than overlapping inputs (Shipp and
Zeki 1995).

I.B. The different visual areas in the cortex
surrounding area V1 are specialised to
process different attributes of the visual
scene (Zeki 1978).  Prominent among these
are motion and colour.

I.C. It is generally accepted that the cortical
components of both the motion and the
colour processing systems are multistage,
involving specialised and segregated groups
of cells in areas V1 and V2, and the more
specialised areas V5 and V4 respectively
(DeYoe and Van Essen 1988, Livingstone and
Hubel 1988, Shipp and Zeki 1989a, Shipp and
Zeki 1989b, Zeki and Shipp 1989).

I.D. V5 represents but one aspect of a
specialisation for motion.  There are several
specialised areas surrounding V5, which
receive a direct input from V5.  Among the
specialisations of these areas are ones for
rotatory motion, biological motion and
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II.B. Moreover, psychophysical experi–ments
show that different processing systems do
not complete their tasks at the same time
(Moutoussis and Zeki 1997a).  Different
attributes of the visual scene are not
perceived at the same time.  Instead, colour
is seen before orientation which is seen
before motion (Moutoussis and Zeki 1997a,
Moutoussis and Zeki 1997b, Zeki and
Moutoussis 1997), the difference between
perceptual times for colour and for motion
being about 60 - 80 ms.

central synthesiser or integrator mechanism,
either in space or time.

III.C. Human studies confirm that the
different processing-perceptual systems are
fairly autonomous.  Thus specific damage to
one system alone, for example colour, does
not lead to a global deficit in vision; the
most characteristic outcome of such a
specific damage to the human colour centre
(the V4 complex - see Bartels and Zeki 1998b)
is a colour imperception, or cerebral
achromatopsia (for a review, see Zeki 1990a).
But achromatopsic subjects are able to
perceive motion normally.  Equally, the
characteristic result of damage to the motion
centre (area V5) is a motion imperception or
cerebral akinetopsia (for a review, see Zeki
1991).  But akinetopsic subjects are able to
perceive colour normally (Zihl et al. 1983).

II.C. This extends functional specialisation
into the time domain and shows that
another characteristic of the visual brain is a
temporal asynchrony in perceiving different
attributes. It leads us to conclude that a
mutual integration of activity between
different processing systems is not necessary
for the creation of a conscious percept. It
rather suggests strongly that the processing
systems are also perceptual systems.  Hence
we speak of processing-perceptual systems
(Zeki 1998).

III.D. One concludes that the two systems are
fairly autonomous of one another and that
one can function more or less normally in
the absence of the other.

IV. The conscious correlate of activity in

individual processing-perceptual systems
II.D. The psycho-physical evidence also
shows that the brain does not necessarily
bind together what happens in real time but
may instead bind the results of the
operations undertaken by its different
processing systems, which require different
amounts of time to complete their tasks.  In
the sub-second window, the brain therefore
misbinds in terms of real time (Moutoussis
and Zeki 1997a, Moutoussis and Zeki 1997b).

IV.A. The relative autonomy of the visual
areas in terms of processing and of
perception raises the question of whether
activity in each has a conscious correlate,
without the mandatory participation of
other visual areas or systems.  It also raises
the question not only of whether different
processing systems create conscious
correlates but also whether activity at
different stages within each can have a
conscious correlate (Bartels and Zeki 1998a,
Zeki and Bartels 1998).  We have argued
elsewhere on the basis of clinical and
physiological evidence that activity at each
level of a multi-stage system can be made
perceptually explicit and does not necessarily
require the participation of further stages
within that system (Zeki 1990b, Zeki 1993,
Bartels and Zeki 1998a).  By perceptually
explicit activity, we mean one that does not
require further processing.

II.E. It follows that visual perception is also
modular.

III. The autonomy of the visual processing
systems

III.A. The evidence given in I and II suggests
that the different processing-perceptual
systems are fairly autonomous of one
another and able to function more or less
independently.

III.B. The absence of a central area to which
all the specialised processing systems
uniquely project (Shipp and Zeki 1995), and
the temporal segregation of the perceptive
systems, argue against the necessity for a

IV.B. It has now been shown conclusively
that patients with a damaged V1 and an
intact V5 can discriminate and experience
consciously fast motion presented to their



blind hemi-fields (Barbur et al. 1993,
Weiskrantz 1995, Zeki and ffytche 1998).
This capacity is almost certainly conferred on
them by the direct retinal input to V5 that
by-passes V1 and that is apparently
specialised to deliver signals from fast-
moving stimuli (Beckers and Zeki 1995,
ffytche et al. 1995).  Imaging studies show
that when such a patient experiences motion
in his blind field, the activity is restricted to
V5 and to the reticular activating system
(Zeki and ffytche 1998).  Thus a sub-division
of the visual motion pathway can function
more or less autonomously, if crudely, and
activity within it has a conscious correlate.

each can lead to a conscious if crude
experience of the relevant attribute.

V. Conclusion:

Taken together, the above evidence suggests
that the processing, the perception and the
conscious experience of a visual attribute do
not depend upon the healthy functioning of
the entire brain or even the entire visual
brain but only of the sub-system specialised
for that attribute.  There may therefore be
many consciousnesses, reflecting activity in
the separate parallel processing-perceptual
systems that constitute the visual brain.
Visual consciousness may itself therefore be
modular, thus reflecting the basic
modularity of the processing perceptual
systems.  We have hypothesised elsewhere
that activity at each level of each processing-
perceptual system may generate a conscious
correlate and that it is these micro-
consciousnesses that have to be bound to
generate the integrated image in the brain
(Zeki and Bartels 1998). It is, we believe, an
hypothesis that is worth considering and
one that may have applicability to more
than the visual brain.

IV.C. There is evidence that activity in
further, specialised areas of the cortical
motion system can result in a conscious
perception of the attribute for which the
relevant area(s) is specialised, without
involving other visual areas or area V1,
presumably reflecting the cortical special–
isation for visual motion (see I. D above).
An interesting example comes from the
patient of Ceccaldi (1992) and of Mestre
(1992), blinded by a lesion in V1; he can
perceive optical flow motion stimuli, which
appear to be processed by distinct cortical
areas (Shipp et al. 1994), without perceiving
translational motion (un–published results
from Ceccaldi, Mestre and Zeki).
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