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Abstract: The target article proposes that visual experience arises when
sensorimotor contingencies are exploited in perception. This novel analy-
sis of visual experience fares no better than the other proposals that the ar-
ticle rightly dismisses, and for the same reasons. Extracting invariants may
be needed for recognition, but it is neither necessary nor sufficient for hav-
ing a visual experience. While the idea that vision involves the active ex-
traction of sensorimotor invariants has merit, it does not replace the need
for perceptual representations. Vision is not just for the immediate con-
trolling of action; it is also for finding out about the world, from which in-
ferences may be drawn and beliefs changed.

This target article by O’Regan & Noë (O&N) presents a radically
different analysis of the nature of perceptual experience. In view
of the intransigence of the problem, a radical proposal is the only
kind worth considering. The article builds upon two currently
popular ideas about vision: the idea that visual perception is active
and the idea that our intuitions mislead us about what is in our
head when we see. The thesis shares with J. J. Gibson the belief
that seeing consists in actively extracting invariants from the
world, though in the present proposal these invariants are defined
over the manifold of sensory-motor contingencies. While the arti-
cle presents a welcome admonition against certain common mis-
conceptions about vision, it has some drawbacks of its own as an
account of the nature of visual experience.

Any claim of the form “visual experience consists of X” imme-
diately raises a family of familiar problems, regardless of whether
X is “having a mental picture” or “extracting the invariant sensory-
motor contingencies.” Ironically, the kind of problem such claims
raise is explained with particular clarity in section 1 of the target
article: All such claims fail to specify why X leads to that experi-
ence, or indeed why it should lead to any experience. Nothing in
the current proposal takes it out of this explanatory dead end. Sen-
sorimotor contingencies can no more explain the qualitative dif-
ferences between modalities, than can the much simpler hypoth-
esis that different modalities arise from the activation of different
sense organs, or different efferent fibers, or different parts of the
cortex. These may all distinguish among modalities, yet none – in-
cluding the present proposal – addresses the question of why they
are associated with different experiences; why they feel different.

If the experience of seeing arises from the extraction of the same
sorts of sensorimotor invariants that must be extracted in object
recognition, then one might expect that people who achieve a high
level of proficiency in object recognition might have similar visual
experiences. Yet blind people can reach very high levels of profi-
ciency in object recognition, without any accompanying visual ex-
perience. There is no reason to believe that the experience of see-
ing can arise from anything other than direct stimulation of the
visual system. In contrast, one can get genuine visual experiences
without extracting sensorimotor invariants, providing that the in-
puts actually stimulate the visual nervous system. Such results are
consistent with Müller’s doctrine of specific nerve energies (see,
e.g., Müller 1896), but are not consistent with the view that expe-
rience “is constituted by the character of the sensorimotor contin-
gencies at play when we perceive” (target article, sect. 6.3).

The discussion of visual awareness can be factored from the
main body of the target article, which is about what vision does, or
to put it in David Marr’s terms, what function it computes. Here,
the authors make an interesting argument for including the activ-
ity of the motor system as part of vision. Yet one thing that can be
said in favor of the old fashioned approach to vision is that it has
achieved some remarkable results in the past 30 years. In the tra-
dition often associated with David Marr and others, these invari-
ants take a form called “natural constraints,” which are typically
subject to rigorous mathematical analyses. This approach takes

into account possible alternative viewpoints, which is why “nonac-
cidental properties” play a major role. Yet it does not include any
analysis of concurrent activities of the motor system. When simi-
lar success has been achieved in characterizing recognition in
terms of sensorimotor contingencies, the authors would be justi-
fied in claiming a breakthrough in the analysis of vision.

O&N devote considerable space to criticizing the appeal to
“mental pictures” in vision, and I could not agree more with them.
But then they play down the idea that vision involves anything that
might be called a representation, choosing, instead to emphasize
“the world as external memory.” While this is an important idea
which I have also championed (Pylyshyn 2001), it does not obviate
the need for some form of visual representation. Neither does rec-
ognizing the importance of vision for guiding action. Milner and
Goodale (1995) have proposed that vision has evolved largely for
controlling actions rather than creating internal representations.
This idea led Milner and Goodale to investigate many properties
of the visual system that heretofore had been neglected; such as
that visual information may be available for motor control but not
available for conscious access, suggesting that there may be more
than one “visual system.” While O&N embrace the vision-for-ac-
tion principle, they somewhat surprisingly (and unnecessarily) re-
tain the idea that vision results in a unitary conscious experience.

While it is true that we often use our visual system to determine
our actions, we also use it to find out what is in the world simply
because we want to know. As George Miller once put it, we are ba-
sically informavores: we seek to know even if we have no possibil-
ity of acting towards what we see – as we do when we watch tele-
vision or visit an art gallery or read a book. Most things we see are
things we cannot act upon directly, such as the words in the target
article. Of course what we find out through vision may lead to new
beliefs and so may eventually affect what we do, but this is not the
sort of behavior people have in mind when they speak of visually
guided action (writing a commentary on an article is not an exam-
ple of a visually guided action!). Much of what we see guides our
action only indirectly by changing what we believe and perhaps
what we want.

The target article also emphasizes the role of visual exploration.
Yet the fact that we can clearly see things we have not visually ex-
plored, or have only explored in a passive way, as in the Zollner-
Parks “eye of the needle” and other successive-presentation phe-
nomena, tells us that sensorimotor contingencies are not necessary
for vision, even though they may often play a role. The usual way
to deal with this dilemma, which the authors have not taken, is to
appeal to ecological validity . Such lines of evidence as are re-
viewed in the target article do suggest that vision and action may
be more closely linked than many believed; but they are far from
showing that our visual system is designed around sensorimotor
contingencies and knows nothing of the world it sees.

Neural correlates of consciousness 
are not pictorial representations

Geraint Reesa and Chris Frithb

aInstitute of Cognitive Neuroscience, University College London, London
WC1N 3AR, United Kingdom; bWellcome Department of Cognitive
Neurology, University College London, London WC1N 3BG, United Kingdom.
g.rees@fil.ion.ucl.ac.uk http://www.fil.ion.ucl.ac.uk/~grees
c.frith@fil.ion.ucl.ac.uk http://www.fil.ion.ucl.ac.uk/principals.html

Abstract: O’Regan & Noë (O&N) are pessimistic about the prospects for
discovering the neural correlates of consciousness. They argue that there
can be no one-to-one correspondence between awareness and patterns of
neural activity in the brain, so a project attempting to identify the neural
correlates of consciousness is doomed to failure. We believe that this de-
gree of pessimism may be overstated; recent empirical data show some
convergence in describing consistent patterns of neural activity associated
with visual consciousness.
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A consistent finding in humans and monkeys is that damage to
functionally specialized regions of the visual cortex leads to defi-
cient awareness of the visual attribute represented in that area,
without impairment of awareness for other attributes. For exam-
ple, damage to the human homologue of V5/MT (middle tempo-
ral area) leads to akinetopsia (Zihl et al. 1983). Alteration of activ-
ity in that area through microstimulation (Salzman et al. 1990) or
transcranial magnetic stimulation (Beckers & Homberg 1992;
though see Pascual-Leone & Walsh 2001) leads to altered per-
ception of that attribute. Even when sensory input and motor out-
put are held constant, changes in perceptual awareness (Tong et
al. 1998) or hallucinations (ffytche et al. 1998; Silbersweig et al.
1995) are associated with enhanced activity in areas of visual cor-
tex with functional specializations that correspond to the percept
experienced. These remarkably consistent results from a wide va-
riety of experimental techniques suggest that activity in function-
ally specialized areas of visual cortex is correlated with, and nec-
essary for, visual awareness.

We do not claim that this neural correlate of consciousness is
constitutive of, or even sufficient for, visual awareness; merely that
it represents a consistent (and probably necessary) correlate of
consciousness. Recent neuroimaging experiments suggest that vi-
sual cortex activity can be detected for unseen stimuli in parietal
extinction (Rees et al. 2000; Vuilleumier et al. 2001), during
change blindness (Beck et al. 2001) or following pattern masking
(Dehaene et al. 2001). When stimuli reach awareness, not only is
enhanced activity observed in the ventral visual pathway, but also
in areas of frontal and parietal cortex (Kleinschmidt et al. 1998;
Lumer 2000). For the parietal cortex in particular, a remarkably
consistent locus of activation correlated with awareness is seen in
the superior parietal lobule (Rees 2001). Parietal and prefrontal
cortices are often associated with attention and motor control, so
the consistent involvement of areas associated with action in con-
scious awareness is supportive of the general notion of a close re-
lationship between (conscious) perception and action. However,
activity in these areas is correlated with awareness even when sen-
sory stimulation and motor behavior is held constant (Frith et al.
1999).

A consistent association of parietal and prefrontal activity with
visual awareness supports the notion that motor control systems
may play an important role in visual awareness, as O’Regan &
Noë (O&N) suggest. However, it also implies that involvement of
these systems can be independent of overt behavior (and conse-
quent changes in the environment). Thus, an important qualifica-
tion for their theoretical claims is that “mastery of sensorimotor
contingencies” may reflect covert rather than overt behavior. The
challenge for O&N is therefore to specify how this covert “mas-
tery of sensorimotor contingency” differs from other cognitive
processes such as attention or working memory. Indeed, the no-
tion that motor activity is not necessary for awareness is consistent
with clinical observations. Damage to motor cortex leading to
paralysis causes little or no change in conscious experience, either
acutely or in the long term. Indeed, an individual almost com-
pletely paralysed (apart from the ability to blink) authored a best-
selling volume of short stories, displaying apparently normal con-
sciousness (Bauby 1997). This failure to identify changes in
conscious experience following changes in the ability of individu-
als to master sensorimotor contingencies must place important
constraints on O&N’s theoretical approach.

The notion of the neural correlates of visual consciousness as
reflected in activity in a distributed network of cortical areas is
rather different to O&N’s characterization of such research as
searching for a pictorial representation of the outside world inside
the brain. No such representation is either assumed or implied by
the research we review here. However, the consistent activation
of specific areas poses a challenge to O&N’s predictions that no
one-to-one correspondence between attributes represented in
consciousness and brain activity is possible. We are sympathetic to
the notion that consideration of action may have an important role
to play in explaining how activity in the brain is associated with

consciousness (Neisser 1967). However, empirical data does not
support the wider implications of O&N’s claim that the study of
the neural correlates of consciousness is doomed to inconsistency
and failure.
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Abstract: The research program defended by O’Regan & Noë (O&N)
cannot give any plausible explanation for the fact that during REM-sleep
the brain regularly generates subjective experiences (dreams) where visual
phenomenology is especially prominent. This internal experience is almost
invariably organized in the form of “being-in-the-world.” Dreaming pre-
sents a serious unaccountable anomaly for the sensorimotor research pro-
gram and reveals that some of its fundamental assumptions about the na-
ture of consciousness are questionable.

O’Regan & Noë (O&N) propose a new research program on vi-
sion and consciousness that combines the behavioristic tradition
of Ryle and Dennett with modern views of “embodied” cognition.
Among the core assumptions of this program are the following: Vi-
sion (and subjective visual consciousness) is a phenomenon real-
ized at the level of organism-environment interaction; it is not to
be found at any lower (subpersonal) levels of organization. Nei-
ther the brain in isolation from its environment nor any particular
part or process or activity within the brain is sufficient for visual
consciousness. This account is in accordance with phenomenol-
ogy, for seeing is directed to the world and in seeing we are aware
of being embedded in the centre of a visual environment, not of
pictorial representations located within our heads; nor are qualia
or binding required, for there is nothing phenomenally qualitative
or unified in the brain.

The competing view is described as implying that visual con-
sciousness is a unified pictorial representation within the head
which, when activated, produces qualitative experiences. This re-
search program tries to discover the direct neural correlates of
consciousness in the brain. However, even if found, they would
not explain how consciousness is produced. Furthermore, this
view may imply the postulation of a homunculus who looks at the
internal representations.

In my view, both of these research programs have got something
right, but neither of them is entirely acceptable. O&N are cor-
rect in that our phenomenology is indeed experience of 
“being-in-the-world” rather than “pictures-in-the-head.” But what
they do not realize is that the brain might be entirely sufficient for
producing experiences in the form of “being-in-the-world”! Incon-
testable evidence from dream research (e.g., Foulkes 1985;
Strauch & Meier 1996) shows that by far the most prominent form
of dream experience is “being-in-the-world”: the dreamer finds
herself embodied in a body-image embedded in the center of an
organized, temporally progressing perceptual world consisting of
the full range of sensory experiences in all modalities, visual expe-
riences being the most prominent. Thus, the form of dream expe-
rience is identical to that of waking experience. Dreams are never
experienced as “pictures-in-the-head.”

But now we should ask: If dreaming is an instantiation of sub-
jective experience (consciousness), where is this phenomenon (or
where are the conditions sufficient for bringing it about) located
in the physical world (Revonsuo 1998)? During REM sleep, or-
ganism-environment interaction is virtually impossible because of
the “sensory input blockade” that keeps sensory stimulation from
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