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Awareness as a perceptual model of attention

Michael S. A. Graziano and Sabine Kastner

Department of Psychology, Princeton University, Princeton, NJ, USA

We proposed a theory of consciousness in which the machinery for social perception constructs awareness, and
awareness is a perceptual model of the process of attention. One can attribute awareness to others or to oneself.
Awareness of X is the brain’s perceptual metaphor for the deep attentive processing of X. A set of ten comments on
our hypothesis are included in this issue. Each comment raises specific points some of which directly challenge the
hypothesis. Here we respond to these specific points and challenges.

We thank all the authors who contributed commen-
taries. The many thoughts and criticisms are well
informed, insightful, useful to us, and undoubtedly
interesting to readers. Here we address each of the
commentaries in brief.

Leopold asks an age-old question: what species are
conscious? Few species have a full-blown, human-
like ability for theory of mind. Yet in our hypothesis,
awareness does not depend on social cognition in gen-
eral, but instead on one specific aspect of it, the per-
ceptual reconstruction of attention. In our hypothesis,
any animal that can construct a rich model of another’s
attentional state knows what awareness is; and any
animal that maintains a perceptual model of its own
attentional state is aware. Whether a particular species
has these abilities is an empirical question, but the bar
is lower than for advanced social cognition such as
solving the false belief task. Leopold is correct: our
hypothesis suggests that consciousness is widespread
in the animal kingdom.

Koch is a proponent of the view that consciousness is
related to complex, bound information. He agrees with
some of the points raised in our article. The commen-
tary, however, mainly challenges our theory. We sug-
gest that Koch criticizes the theory for failings that it
does not have.

First, at the start of the commentary, Koch states, “I
completely agree with the viewpoint that conscious-
ness is information. However, it just can’t be any
information in the Shannon sense.” He notes that the
liver contains information but isn’t conscious. Our
article does not suggest that consciousness is any

information such as that found in the liver. Rather we
suggest that it is a specific type of information com-
puted in a specific brain system. The first half of the
commentary therefore elaborates on an irrelevant
criticism.

Second, Koch interprets our theory in an overly
specific manner. He suggests that the theory deals
only in spatial location — in perceiving the spatial
source and spatial target of attention. He states, “what
is completely missing from this account is that Abel is
not just aware where Bill is attending to (i.e. spatial
location) but he is aware of many of the attributes of
objects at that location.” Yet this criticism does not
pertain to our article or our theory. As we point out,
“In the present hypothesis, awareness is the perceptual
reconstruction of attention, and therefore anything that
can be the subject of attention can also be the subject of
awareness.” One can attend to color, to shape, to smell,
to a thought, to a great diversity of items. Spatial
location is a relevant part of the issue; it is one of the
many aspects of attention that must be captured in a
perceptual model of the process of attending to some-
thing; but it is not the entire story.

Carruthers and Picciuto are a proponent of the link
between consciousness and social cognition. He takes a
positive view of our approach. He does raise a specific
point about hemispatial neglect with which we disagree.

Carruthers and Picciuto (C&P) argue that neglect is
not a true deficit of awareness. In neglect, the patient
fails to notice, orient to, or verbally report items in the
affected region of space. Some unconscious processing
such as priming survives. According to C&P, however,
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if a person has a pure deficit in awareness, that person
should be able to react to a stimulus, point to a stimu-
lus, and talk about a stimulus, and should lack only the
inner awareness of the stimulus.

To counter this argument, we begin with a hypothe-
tical case that we do not support. Suppose that aware-
ness is an epiphenomenon. It is an inner feeling that
serves no function and has no outward impact on
behavior. In that case, C&P would be right. A loss of
awareness should produce a zombie that acts normally
but has no inner experience. C&P’s view of neglect, we
suggest, comes from inadvertently thinking of aware-
ness as mainly an epiphenomenon.

The difficulty with the epiphenomenon view is that
it is logically impossible. We can report that we are
conscious. Indeed everyone participating in this print
discussion has acknowledged the presence of con-
sciousness. Therefore whatever it is, it has an effect
on human behavior.

In our theory, consciousness is a perceptual model.
Like all perceptual models, it serves the purpose of
guiding behavior. Awareness may help to guide atten-
tion, cognitive analysis, and behavioral choice. It cer-
tainly has an impact on verbal report. Yet even beyond
the normal influence on behavior that any perceptual
model may have, awareness has a property that makes
it unique. In our theory, awareness is a representation of
the enhancer of representations. A natural resonance, a
positive feedback loop, must exist between awareness
(a representation of attention) and attention (the enhan-
cer of representations). Awareness and attention are
situated something like two mirrors facing each other.
Because of this resonance, awareness must profoundly
influence attention and therefore signal processing and
behavioral response.

We argue that without awareness, behavior would
be crippled, and that at least some forms of neglect do
indeed match the deficit one expects from damaging
the mechanism of awareness. Hemispatial neglect is,
classically, a loss of awareness of anything in the
affected half of space, as well as a loss of awareness
that there is such a thing as that half of space.

Frith was one of the first to propose a link between
consciousness and social intelligence. We are therefore
delighted that he takes a positive view of our approach.
He also raises several specific concerns about our
theory, and here we address a particularly important one.

Frith notes that when a person processes someone
else’s attentional state, that processing can sometimes
occur automatically, without awareness. How can an
unconscious process be the source of awareness?

We believe this criticism stems from lumping
together two items that in our theory are dissociable.

There is a distinction between a perceptual model of
someone else’s attentional state (assigning awareness
to someone else) and a perceptual model of one’s own
attentional state (assigning awareness to oneself). The
two may depend on similar neuronal machinery, but
they are two different perceptual models. The fact that
we can process someone else’s attentional state without
ourselves being aware of it does not strain the theory. In
our hypothesis, to process someone else’s attentional
state, and therefore to assign awareness to someone
else, and at the same time to be aware that we are
doing it, requires an extra layer. It requires a perceptual
model of how one’s own attentional state is focused on
someone else’s attentional state. The theory predicts
that much of the perceptual processing of other peo-
ple’s attentional state, and thus much of the attribution
of awareness to other people, occurs outside of one’s
own awareness. The underlying logic is straightfor-
ward, even if its application to specific circumstances
sometimes requires recursive complexities.

Bridgeman emphasizes the behavioral impact of
awareness. He also emphasizes that, because it has
behavioral consequences, it is subject to evolutionary
pressure. This emphasis is, in our view, exactly right. By
searching for a neuronal basis for consciousness one is
necessarily accepting a scientific, biological framework.
In that framework, traits evolve and are retained because
they have some specific impact on an organism’s survi-
val. Our hypothesis provides a possible behavioral
utility to consciousness, thereby providing at least a
theoretical account of its evolutionary path.

Van Elk and Blanke discuss the issue of first person
perspective and the out of body experience. We agree
with most of their points and find their ideas on differ-
ent types of first person perspective to be of great
interest. However, we do not agree that a body schema,
by itself, is a form of consciousness. The brain clearly
computes a body schema, which contains information
on the spatial instantiation of the self. The body schema
is complex and probably multifaceted. But an informa-
tional model of the body, constructed in the brain,
cannot by itself account for awareness. That is where
our theory becomes useful. In our theory, awareness is
information. It is an informational model, a schema
computed by the brain. But it is specifically a schema
that describes what it means to attentively process
information. It is the brain’s metaphor for the deep
processing of information. Without that metaphor
added to the mix, the body schema by itself would be
merely a simulation of the body without awareness.

Kievit and Geurts offer an insightful comment on
autism. To put this comment in a broader perspective,



here we point out a challenge sometimes directed at
social theories of consciousness. Autistic people have
impaired social perception. If consciousness is linked to
social perception, then shouldn’t autistic people show
some deficit in consciousness? Kievit and Geurts
answer the question: they do. Autism may indeed be
associated with some loss of awareness of at least some
mental processes. Consciousness normally encom-
passes only a small fraction of the processes in the
brain; continuing to study how autistic and non-autistic
people differ in this respect may be of great interest.

Banissy, Walsh, and Muggleton discuss the phenom-
enon of mirrortouch synesthesia. A mirror-touch
synesthete will actually feel a touch on his or her own
body when merely watching someone else being
touched. This phenomenon suggests that the ability to
build a perceptual model of the experiences of others is
somehow related to one’s own perceptual awareness.
The phenomenon of mirror-touch synesthesia does not
necessarily support the specific theory of awareness
that we propose in our target article, but it does add
support to the general approach. The authors also cor-
rectly point out that social perception is likely to
involve many brain structures in addition to the few
emphasized in our article.

Smallwood discusses an important area of the litera-
ture left out of our target article: the default mode
network and its possible role in stimulus independent
thought. The commentary is informative and compel-
ling. Smallwood suggests that research on the default
mode network supports our proposal of an overlap
between regions of the brain involved in modeling
others, in modeling the self, and in awareness.

Iacoboni comments mainly on the issue of mirror
neurons in social perception and their relation to the
brain regions discussed in our article: STS, TPJ, and
DMFC. Iacoboni is quite correct that STS is the only
one of these regions to be specifically experimentally
linked to the mirror neuron system. The other areas
thus far are less well characterized and have not been
associated with the mirror neuron system. We would
point out, however, a potentially limiting aspect of the
work on mirror neurons. The experiments almost
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always involve the perception of motor acts performed
by the hand, whereas social perception obviously
encompasses a much larger domain. Perhaps one rea-
son for the apparent anatomical focus of the mitror
neuron system — in STS, posterior parietal lobe, and
premotor cortex — is that the experiments are limited in
scope. Whether TPJ, DMFC, and other areas impli-
cated in social perception really have a specific role
in informing simulation mechanisms such as mirror
neurons is of course speculation on our part, and only
further experiments will clarify the issue.

We end by considering a question pertinent to all of the
commentaries and to our target article. What experi-
mental predictions does our theory make? The most
direct predictions involve compromising awareness by
damaging specific brain regions. Certainly a large
lesion to the social machinery should, by hypothesis,
also affect one’s own awareness. We argue that this
relationship explains why lesions to the right TPJ and
STS can result in hemispatial neglect.

But more specific hypotheses can be formulated. If
the task of social attention — of building a perceptual
model of someone else’s attentional state — is empha-
sized in specific neuronal structures, then by hypoth-
esis damage to those specific structures, or targeted
reversible disruption of them, should lead to a deficit
in one’s own awareness.

Likewise in neglect in which the patient’s awareness
is impaired in one spatial hemifield, the patient should
also be impaired in perceiving when someone else is
directing attention to that same hemifield.

The specificity of these predictions is important.
The theory does not predict that neglect patients should
be generally lacking in social cognitive abilities.
Likewise, the theory does not predict that awareness
should fade given any neural damage or autism-like
disability related to social perception. The proposed
relationship between awareness and social perception
is more specific and therefore more experimentally
approachable.

In summary, we are encouraged by the many useful
comments from colleagues, and we see potential for
future experiments. The proposed theory of conscious-
ness is specific, conceptually simple, and testable.




128 REFERENCES

References from the Discussion Paper,
the Commentaries, and the Reply

Aflalo, T. N., & Graziano, M. S. A. (2011). The organization
of the macaque extrastriate visual cortex re-examined
using the principle of spatial continuity of function.
Journal of Neurophysiology, 105, 305-320.

Alvarado, C. S. (2009). Late 19th- and early 20th-century
discussions of animal magunetism. International Journal
of Clinical and Experimental Hypnosis, 57, 366-381.

Appetly, L. A., Samson, D., Chiavarino, C., & Humphreys,
G. W. (2004). Frontal and temporo-parietal lobe contribu-
tions to theory of mind: Neuropsychological evidence
from a false-belief task with reduced language and execu-
tive demands. Journal of Cognitive Neuroscience, 16,
1773-1784.

Arzy, S., Seeck, M., Ortigue, S., Spinelli, L., & Blanke, O.
(2006). Induction of an illusory shadow person. Nature,
443(7109), 287.

Astafiev, S. V., Shulman, G. L., & Corbetta, M. (2006).
Visuospatial reorienting signals in the human temporo-
parietal junction are independent of response selection.
European Journal of Neuroscience, 23, 591-596.

Baars, B. J. (1983). Conscious contents provide the nervous
system with coherent, global information. In R. J.
Davidson, G. E. Schwartz, & D. Shapiro (Eds.),
Consciousness and  self-regulation (pp. 41-79).
New York, NY: Plenum Press.

Bahrami, B., Olsen, K., Latham, P. E., Roepstorff, A., Rees,
G., & Frith, C. D. (2010). Optimally interacting minds.
Science, 329(5995), 1081-1085.

Balduzzi, D., & Tononi, G. (2008). Integrated information in
discrete dynamical systems: Motivation and theoretical
framework. PLoS Comp. Biol., 4(4), 1-18.

Bandura, A. (2001). Social cognitive theory: An agentic
perspective. Annual Review of Psychology, 52, 1-26.
Banissy, M. ., Cohen Kadosh, R., Maus, G. W., Walsh, V., &
Ward, J. (2009). Prevalence, characteristics and a neuro-
cognitive model of mirror-touch synaesthesia. Exp Brain

Res., 198,261-272.

Banissy, M. J., Garrido, L., Kusnir, F., Duchaine, B., Walsh,
V., & Ward, J. (2011). Superior facial expression, but
not identity recognition, in mirror-touch synesthesia.
J Neurosci, 31, 1820-1824.

Banissy, M. J., & Ward, J. (2007). Mirror-touch synesthesia is
linked with empathy. Nat Neurosci, 10, 815-816.

Barraclough, N. E., Xiao, D., Oram, M. W., & Perrett, D. I.
(2006). The sensitivity of primate STS neurons to walking
sequences and to the degree of articulation in static
images. Progress in Brain Research, 154, 135-148.

Baumeister, R. F., & Masicampo, E. J. (2010). Conscious
thought is for facilitating social and cultural interactions:
How mental simulations serve the animal-culture inter-
face. Psychological Review, 117, 945-971.

Bayliss, A. P., & Tipper, S. P. (2006). Predictive gaze cues
and personality judgments: Should eye trust you? Psychol
Sci, 17(6), 514-520.

Ben Shalom, D., Mostofsky, S. H., Hazlett, R. L., Goldberg,
M. C., Landa, R. J., Faran, Y., et al. (2006). Normal
physiological emotions but differences in expression of
conscious feelings in children with high-functioning
autism. JADD, 36, 395—400.

Beauregard, M. (2007). Mind does really matter: Evidence
from neuroimaging studies of emotional self-regulation,
psychotherapy, and placebo effect. Progress in
Neurobiology, 81, 218-236.

Beck, D. M., & Kastner, S. (2009). Top-down and bottom-up
mechanisms in biasing competition in the human brain.
Vision Research, 49, 1154-1165.

Bird, C. M., Castelli, F., Malik, O., Frith, U., & Husain, M.
(2004). The impact of extensive medial frontal lobe
damage on “theory of mind” and cognition. Brain, 127,
914-928.

Bird, G., Silani, G., Brindley, R., White, S., Frith, U., &
Singer, T. (2010). Empathic brain responses in insula are
modulated by levels of alexithymia but not autism. Brain,
133, 1515-1525.

Birmingham, E., & Kingstone, A. (2009). Human social
attention: A new look at past, present, and future investi-
gations. Annals of the New York Academy of Sciences,
1156, 118-140.

Blakemore, S. J., Boyer, P., Pachot-Clouard, M., Meltzoff,
A., Segebarth, C., & Decety, J. (2003). The detection of
contingency and animacy from simple animations in the
human brain. Cerebral Cortex, 13, 837-844.

Blakemore, S. J., Bristow, D., Bird, G., Frith, C., & Ward, J.
(2005). Somatosensory activations during the observation
of touch and a case of vision-touch synaesthesia. Brain,
128, 1571-1583.

Blanke, O., & Metzinger, T. (2009). Full-body illusions and
minimal phenomenal selthood. Trends Cogn Sci, 13(1),
7-13.

Blanke, O., Mohr, C., Michel, C. M., Pascual-Leone, A.,
Brugger, P., Seeck, M., et al. (2005). Linking out-of-
body experience and self processing to mental own-
body imagery at the temporoparietal junction. Journal of
Neuroscience, 25, 550-557.

Blanke, O., Ortigue, S., Landis, T., & Seeck, M. (2002).
Stimulating illusory own-body perceptions. Nature, 419,
269-270.

Block, N. (1996). How can we find the neural correlates of
consciousness? Trends in Neurosciences, 19, 456—459.
Brain, W. R. (1941). A form of visual disorientation resulting
from lesions of the right cerebral hemisphere. Proceedings

of the Royal Society of Medicine, 34, T71-776.

Bridgeman, B. (2003). Psychology and Evolution: The
Origins of Mind. Thousand Oaks, CA: Sage Publications.

Bruce, C., Desimone, R., & Gross, C. G. (1981). Visual
properties of neurons in a polysensory area in superior
temporal sulcus of the macaque. Journal of
Neurophysiology, 46, 369-384.

Brunet, E., Sarfati, Y., Hardy-Baylé, M. C., & Decety, J.
(2000). A PET investigation of the attribution of inten-
tions with a nonverbal task. Neurolmage, 11, 157-166.

Buccino, G., Binkofski, F., Fink, G. R., Fadiga, 1., Fogassi, L.,
Gallese, V., et al. (2001). Action observation activates pre-
motor and parietal areas in a somatotopic manner: An fMRI
study. European Journal of Neuroscience, 13, 400-404.

Byme, R. W., & Bates, L. A. (2010). Primate social cogni-
tion: Uniquely primate, uniquely social, or just unique?
Neuron, 65(6), 815-830.



Calder, A. J., Lawrence, A. D., Keane, I., Scott, S. K., Owen,
A. M., Christoffels, L., et al. (2002). Reading the mind
from eye gaze. Newropsychologia, 40, 1129-1138.

Carruthers, P. (2009). How we know our own minds: The
relationship between mindreading and metacognition.
Behavioral and Brain Sciences, 32, 121-182.

Chalmers, D. (1995). Facing up to the problem of conscious-
ness. Journal of Consciousness Studies, 2, 200-219.

Chalmers, D. (1996). The Conscious Mind: In Search of a
Fundamental Theory. Oxford University Press.

Ciaramidaro, A., Adenzato, M., Enrici, 1., Erk, S., Pia, L.,
Bara, B. G, et al. (2007). The intentional network: How
the brain reads varieties of intentions. Neuropsychologia,
45,3105-3113.

Coover, J. E. (1913). The feeling of being stared at. American
Journal of Psychology, 24, 570-575.

Corbetta, M., Kincade, J. M., Ollinger, J. M., McAvoy, M. P,
& Shulman, G. L. (2000). Voluntary orienting is disso-
ciated from target detection in human posterior parietal
cortex. Nature Neuroscience, 3, 292-297.

Cottrell, J. E., & Winer, G. A. (1994). Development in the
understanding of perception: The decline of extramission
perception beliefs. Developmental Psychology, 30,
218-228.

Craig, B. (2004). Human feelings: Why are some more aware
than others? Trends Cogn Sci., 8, 239-241.

Creutzfeldt, O. (1987). Inevitable deadlocks of the brain-
mind discussion. In B. Gulayas (Ed.), The brain—mind
problem:  Philosophical —and  neurophysiological
approaches (pp. 3-27). Leuven: Leuven University Press.

Crick, F. (1995). The Astonishing Hypothesis: The Scientific
Search For The Soul (Scribner reprint edition, 1995).

Crick, F., & Koch, C. (1990). Toward a neurobiological
theory of consciousness. Seminars in the Neurosciences,
2,263-275.

Critchley, M. (1953). The parietal lobes. London, UK:
Hafner Press.

Critchley, H. D., Wiens, S., Rotshtein, P., Ohman, A., &
Dolan, R. J. (2004). Neural systems supporting introcep-
tive awareness. Nat Neurosci., 7, 189—195.

Damasio, A. R. (1990). Synchronous activation in multiple
cortical regions: A mechanism for recall. Seminars in
Neuroscience, 2, 287-296.

Dehaene, S., Changeux, J. P, Naccache, L., Sackur, J., &
Sergent, C. (2006). Conscious, preconscious, and sublim-
inal processing: A testable taxonomy. Trends in Cognitive
Sciences, 10,204-211.

de Lafuente, V., & Romo, R. (2005). Neuronal correlates of
subjective sensory experience. Nature Neuroscience, 8,
1698-1703.

Del Cul, A., Dehaene, S., Reyes, P., Bravo, E., & Slachevsky,
A. (2009). Causal role of prefrontal cortex in the threshold
for access to consciousness. Brain, 132(Pt9), 2531-2540.

Descartes, R. (1984 [1641]). Meditations on first philosophy.
In The philosophical writings of René Descartes (Vol. 2,
pp- 1-62, Trans. J. Cottingham, R. Stoothoff, & D.
Murdoch). Cambridge, UK: Cambridge University Press.

Desimone, R., Albright, T. D., Gross, C. G., & Bruce, C.
(1984). Stimulus-selective properties of inferior temporal
neurons in the macaque. Journal of Neuroscience, 4,
2051-2062.

Desimone, R., & Duncan, J. (1995). Neural mechanisms
of selective visual attention. Annual Review of
Neuroscience, 18, 193-222.

REFERENCES 129

Dennet, D. C. (1992). Consciousness Explained. Back Bay
Books.

di Pellegrino, G., Fadiga, L., Fogassi, L., Gallese, V., &
Rizzolatti, G. (1992). Understanding motor events: A
neurophysiological study. Experimental Brain Research,
91, 176-180.

Dosch, M., Loenneker, T., Bucher, K., Martin, E., & Klaver,
P. (2010). Learning to appreciate others: Neural develop-
ment of cognitive perspective taking. Neuroimage, 50(2),
837-846.

Ehrsson, H. H. (2007). The experimental induction of out-of-
body experiences. Science, 317, 1048.

Engel, A. K., Konig, P., Gray, C. M., & Singer, W. (1990).
Stimulus-dependent neuronal oscillations in cat visual
cortex: Inter-columnar interaction as determined by
cross-correlation analysis. European Journal of
Neuroscience, 2, 588-606.

Engel, A. K., & Singer, W. (2001). Temporal binding and the
neural correlates of sensory awareness. Trends in
Cognitive Sciences, 5, 16-25.

Ferber, S., & Karnath, H. O. (2001). How to assess spatial
neglect-line bisection or cancellation tasks. Journal of
Clinical and Experimental Neuropsycholology, 23,
599-607.

Filimon, F., Nelson, J. D., Hagler, D. J., & Sereno, M. L
(2007). Human cortical representations for reaching:
Mirror neurons for execution, observation, and imagery.
Neurolmage, 37, 1315-1328.

Fleming, S. M., Weil, R. S., Nagy, Z., Dolan, R. J., & Rees, G.
(2010). Relating introspective accuracy to individual
differences in brain structure. Science, 329(5998),
1541-1543.

Fletcher, P. C., Happé, F., Frith, U., Baker, S. C., Dolan,R. J.,
Frackowiak, R. S., et al. (1995). Other minds in the brain:
A functional imaging study of “theory of mind” in story
comprehension. Cognition, 57, 109-128.

Friesen, C. K., & Kingstone, A. (1998). The eyes have it!
Reflexive orienting is triggered by nonpredictive gaze.
Psychonomic Bulletin and Review, 5, 4904935,

Frischen, A., Bayliss, A.P., & Tipper, S. P. (2007). Gaze cueing
of attention: Visual attention, social cognition, and indivi-
dual differences. Psychological Builetin, 133, 694-724.

Frith, C. (1995). Consciousness is for other people.
Behavioral and Brain Sciences, 18, 682-683.

Frith, C. (2002). Attention to action and awareness of other
minds. Consciousness and Cognition, 11, 481-487.

Frith, C. D. (2008). The social functions of consciousness.
In L. Weiskrantz, & M. Davies (Eds.), Frontiers of
Consciousness  (pp. 225-244). Oxford: Oxford
University Press.

Frith, U. (2004). Confusions and controversies about
Asperger syndrome. JCCP, 45, 672-686.

Frith, U., & Frith, C. D. (2003). Development and neurophy-
siology of mentalizing. Philosophical Transactions of the
Royal Society of London. Series B, Biological Sciences,
358, 459-473.

Gallagher, H. L., & Frith, C. D. (2003). Functional ima-
ging of Theory of Mind. Trends in Cognitive Sciences,
7, 51-96.

Gallagher, H. L., Happé, F., Brunswick, N., Fletcher, P. C.,
Frith, U.,, & Frith, C. D. (2000). Reading the mind in
cartoons and stories: An fMRI study of “theory of mind”
in verbal and nonverbal tasks. Neuropsychologia, 38,
11-21.




130 REFERENCES

Gallese, V., Fadiga, L., Fogassi, L., & Rizzolatti, G. (1996).
Action recognition in the premotor cortex. Brain, 119,
593-609.

Galvin, S. J., Podd, J. V., Drga, V., & Whitmore, J. (2003).
Type 2 tasks in the theory of signal detectability:
Discrimination between correct and incorrect decisions.
Psychon Bull Rev, 10(4), 843-876.

Gazzaniga, M. S. (1970). The bisected brain. New York,
USA: Appleton-Century-Crofts.

Goel, V., Grafman, J., Sadato, N., & Hallett, M. (1995).
Modeling other minds. Neuroreport, 6, 1741-1746.

Gold, J. I, & Shadlen, M. N. (2007). The neural basis of
decision making. Annual Review of Neuroscience, 30,
535-574.

Graziano, M. S. A. (2010). God, soul, mind, brain: 4 neu-
roscientist s reflections on the spirit world. Teaticket, MA:
Leapfrog Press.

Graziano, M. S. A., & Aflalo, T. N. (2007). Rethinking
cortical organization: Moving away from discrete areas
arranged in hierarchies. Neuroscientist, 13, 138-147.

Graziano, M. S. A., & Botvinick, M. M. (2002). How the
brain represents the body: Insights from neurophysiology
and psychology. In W. Prinz & B. Hommel (Eds.),
Attention and performance: Vol. XIX. Common mechan-
isms in perception and action (pp. 136-157). Oxford
University Press, Oxford, UK.

Graziano, M. S. A., & Sabine, K. (2011). Human conscious-
ness and its relationship to social neuroscience: A novel
hypothesis. Cognitive Neuroscience.

Gross, C. G. (1999). The fire that comes from the eye.
Neuroscientist, 5, 58-64.

Gross C. G., Bender, D. B., & Rocha-Miranda, C. E. (1 969).
Visual receptive fields of neurons in inferotemporal cortex
of the monkey. Science, 166, 1303-1306.

Gross, C. G., & Graziano, M. S. A. (1995). Multiple repre-
sentations of space in the brain. Neuroscientist, I, 43-50.

Grossberg, S. (1999). The link between brain learning, atten-
tion, and consciousness. Consciousness and Cognition, 8,
1-44.

Grossman, E., Donnelly, M., Price, R., Pickens, D., Morgan,
V., Neighbor, G., et al. (2000). Brain areas involved in
perception of biological motion. Journal of Cognitive
Neuroscience, 12, 711-720.

Halligan, P. W., Fink, G. R., Marshall, . C., & Vallar, G.
(2003). Spatial cognition: Evidence from visual neglect.
Trends in Cognitive Sciences, 7, 125-133.

Halligan, P. W., & Marshall, J. C. (1992). Left visuo-spatial
neglect: A meaningless entity? Cortex, 28, 525-535.
Heilman, K. M., & Valenstein, E. (1972a). Frontal lobe

neglect in man. Neurology, 22, 660-664.

Heilman, K. M., & Valenstein, E. (1972b). Mechanism
underlying hemispatial neglect. Annals of Neurology, 5,
166-170.

Hernandez, A., Nacher, V., Luna, R., Zainos, A., Lemus, L.,
Alvarez, M., et al. (2010). Decoding a perceptual decision
process across cortex. Neuron, 66, 300-314.

Heyes, C. (2010). Where do mirror neurons come from?
Neuroscience & Biobehavioral Reviews, 34, 575-583.
Hill, E., Berthoz, S., & Frith, U. (2004). Cognitive processing
of own emotions in individuals with autistic spectrum

disorders and in their relatives. JADD, 34, 229-235.

Hoffman, E. A., & Haxby, J. V. (2000). Distinct representa-

tions of eye gaze and identity in the distributed human

neural system for face perception. Nature Neuroscience,
3, 80-84.

Humphrey, N. K. (1976). The social fanction of intellect. In
P.P. G. Bateson, & R. A. Hinde (Eds.), Growing Points in
Ethology (pp. 303-317). London: Cambridge University
Press.

Humphrey, N. (1983). Consciousness regained. Chapters in
the development of mind. Oxford, UK: Oxford University
Press. ‘

Tacoboni, M. (in press). The ontological priority of represen-
tations: The case of mirror neurons and language.
Language and Dialogue.

Tacoboni, M., Molnar-Szakacs, L., Gallese, V., Buccino, G.,
Mazziotta, J. C., & Rizzolatti, G. (2005). Grasping the
intentions of others with one’s own mirror neuron system.
PLoS Biol, 3, €79.

Insel, T. R. (2010). The challenge of translation in social
neuroscience: A review of oxytocin, vasopressin, and
affiliative behavior. Neuron, 65(6), 768-779.

Tonta, S., Heydrich, L., Lenggenhager, B., Mouthon, M.,
Fornari, E., et al. (2011). Multisensory mechanisms
in temporo-parietal cortex support self-location and
first-person perspective. Neuron, 70(2), 363-374.

Ttti, L., & Koch, C. (2001). Computational modeling of visual
attention. Nature Neuroscience Reviews, 2, 194-204.
Jackson, G. M, Swainson, R., Mort, D., Husain, M., &
Jackson, S. R. (2009). Attention, competition, and the
parictal lobes: Insights from Balint’s syndrome. Psychol.

Research, 73(2), 263-270.

Jellema, T., & Perrett, D. 1. (2003). Cells in monkey STS
responsive to articulated body motions and consequent
static posture: A case of implied motion?
Neuropsychologia, 41, 1728-1737.

Jellema, T., & Perrett, D. 1. (2006). Neural representations of
perceived bodily actions using a categorical frame of
reference. Neuropsychologia, 44, 1535-1546.

Hang, Y., Costello, P., Fang, F., Huang, M., & He, S. (2006).
A gender- and sexual orientation-dependent spatial atten-
tional effect of invisible images. Proceedings of the
National Academy of Sciences of the United States of
America, 103, 17048-17052.

Kaas, J. (2002). Convergences in the modular and areal
organization of the forebrain of mammals: Implications
for the reconstruction of forebrain evolution. Brain Behav
Evol, 59(5-6), 262-272.

Kant, 1. (1966 [17811). Critik der reinen Vernunft. Trans.
F. M. Muller. New York, NY: Anchor Books.

Kanwisher, N., McDermott, J., & Chun, M. M. (1997). The
fusiform face area: A module in human extrastriate cortex
specialized for face perception. Journal of Neuroscience,
17,4302-4311.

Karnath, H. O., Ferber, S., & Himmelbach, M. (2001). Spatial
awareness is a function of the temporal not the posterior
parietal lobe. Nature, 411, 950-953.

Kentridge, R. W., Heywood, C. A., & Weiskrantz, L. (2004).
Spatial attention speeds discrimination without awareness
in blindsight. Neuropsychologia, 42, 831-835.

Keysers, C., Kaas, J. H., & Gazzola, V. (2010). Somato
sensation in social perception. Nat Rev Neurosci., 11,
417-428.

Kilner, J. M., Friston, K. J., & Frith, C. D. (2007). Predictive
coding: An account of the mirror neuron system.
Cognitive Processes, 8, 159-566.



Kinsbourne, M. (1970). A model for the mechanism of uni-
lateral neglect of space. Tramsactions of the American
Neurological Association, 95, 143—146,

Kinsbourne, M. (1977). Hemi-neglect and hemisphere rivalry.
Advances in Neurology, 18, 41-49.

Kobayashi, H., & Kohshima, S. (1997). Unique morphology
of the human eye. Nature, 387(6635), 767-768.

Koch, C., & Crick, F. C. (2001). On the zombie within.
Nature, 411, 893.

Koch, C., & Tsuchiya, N. (2007). Attention and conscious-
ness: Two distinct brain processes. Trends in Cognitive
Sciences, 11, 16-22.

Kockler, H., Scheef, L., Tepest, R., David, N., Bewernick,
B. H., Newen, A, et al. (2010). Visuospatial perspective
taking in a dynamic environment: perceiving moving
objects from a first-person-perspective induces a disposi-
tion to act. Conscious Cogn, 19(3), 690-701.

Kriegel, U. (2009). Subjective Consciousness: A Self-
Representational Theory. Oxford University Press.

Lamm, C, Decety, J., & Singer, T. (2010). Meta-analytic
evidence for common and distinct neural networks asso-
ciated with directly experienced pain and empathy,
Neuroimage, 54(3), 2492-2502.

Lamm, C., & Singer, T. (2010). The role of the anterior insula
cortex in social emotions. Brain Struct Funct., 214,
579-591.

Lamme, V. A. (2004). Separate neural definitions of visual
consciousness and visual attention: A case for phenom-
enal awareness. Neural Networks, 17, 861-872.

Lamme, V. A. (2006). Towards a true neural stance on con-
sciousness. Trends in Cognitive Sciences, 10, 494-501.

Lau, H. C. (2008). Are we studying consciousness yet? In
L. Weiskrantz & M. Davies (Eds.), Frontiers of
Consciousness  (pp. 245-258). Oxford: Oxford
University Press.

Lenggenhager, B., Tadi, T., Metzinger, T., & Blanke, O.
(2007). Video ergo sum: Manipulating bodily self-con-
sciousness. Science, 317(5841), 1096-1099.

Leopold, D. A., & Rhodes, G. (2010). A comparative view of
face perception. J Comp Psychol, 124(3), 233-251.

Liberman, A. M., Cooper, F. S., Shankweiler, D. P., &
Studdert-Kennedy, M. (1967). Perception of the speech
code. Psychological Review, 74, 431-461.

Llinas, R., & Ribary, U. (1994). Perception as an oneiric-like
state modulated by the senses. In C. Koch & J. Davis
(Eds.), Large-scale neural theories of the brain (pp.
111-124). Cambridge, MA: MIT Press.

Logan, G. D., & Crump, M. J. C. (2009). The left hand
doesn’t know what the right hand is doing: The disruptive
effects of attention to the hands in skilled typewriting.
Psychol. Sci., 20, 1296-1300.

Magnée, M. I., de Gelder, B., van Engeland, H., & Kemner,
C. F. (2007). Facial electromyographic responses to
emotional information from faces and voices in indivi-
duals with pervasive developmental disorder. JCCP, 48,
1122-1130.

Mason, M. F. et al. (2007). Wandering minds: The default
network and stimulus-independent thought. Science, 315,
393-395.

Mazefsky, C. A., Kao, J., & Oswald, D. P. (2011). Preliminary
evidence suggesting caution in the use of psychiatric self-
report measures with adolescents with high-functioning
autism spectrum disorders. RAD, 5, 164-174.

REFERENCES 131

Meister, 1. G., Wienemann, M., Buelte, D., Griinewald, C.,
Sparing, R., Dambeck, N., et al. (2006). Hemiextinction
induced by transcranial magnetic stimulation over the
right temporo-parietal junction. Neuroscience, 142,
119-123.

Merikle, P. M., Joordens, S., & Stolz, J. A. (1995). Measuring
the relative magnitude of unconscious influences.
Consciousness and Cognition, 4, 422.

Mesulam, M. M. (1981). A cortical network for directed
attention and unilateral neglect. Annals of Neurology,
10, 309-325.

Mesulam, M. M. (1999). Spatial attention and neglect: Parietal,
frontal and cingulate contributions to the mental representa-
tion and attentional targeting of salient extrapersonal events.
Philosophical Transactions of the Royal Society of London.
Series B, Biological Sciences, 354, 1325-1346.

Mitchell, J. P. (2009). Social psychology as a natural kind.
Trends in Cognitive Sciences, 13(6), 246-251.

Mitchell, L. P. (2008). Activity in the right temporo-parietal
junction is not selective for theory-of-mind. Cerebral
Cortex, 18,262-271.

Mort, D. J., Malhotra, P,, Mannan, S. K., Rorden, C.,
Pambakian, A., Kennard, C., et al. (2003). The anatomy
of visual neglect. Brain, 126, 1986--1997.

Naccache, L., Blandin, E., & Dehaene, S. (2002).
Unconscious masked priming depends on temporal atten-
tion. Psychological Science, 13, 416-424.

Nagel, T. (1974). What is it like to be abat? The philosophical
review, 83(4), 435-450.

Newman, J., & Baars, B. J. (1993). A neural attentional
model for access to consciousness: A global workspace
perspective. Concepts in Neuroscience, 4, 255-290.

Nisbett, R. E., & Wilson, T. D. (1977). Telling more than we
can know: Verbal reports on mental processes.
Psychological Review, 84, 231-259.

Nummenmaa, L., & Calder, A. J. (2008). Neural mechanisms
of social attention. Trends in Cognitive Sciences, 13,
135-143.

Ochsner, K. N., Knierim, K., Ludlow, D. H., Hanelin, J.,
Ramachandran, T., Glover, G., et al. (2004). Reflecting
upon feelings: An fMRI study of neural systems support-
ing the attribution of emotion to self and other. Journal of
Cognitive Neuroscience, 16, 1746—-1772.

Pasquali, A., Timmermans, B., & Cleeremans, A. (2010).
Know thyself: Metacognitive networks and measures of
consciousness. Cognition, 117, 182-190.

Passingham, R. E., Bengtsson, S. L., & Lau, H. C. (2010).
Medial frontal cortex: From self-generated action to
reflection on one’s own performance. Trends in
Cognitive Sciences, 14, 16-21.

Pelphrey, K. A., Morris, J. P, & McCarthy, G. (2004).
Grasping the intentions of others: The perceived inten-
tionality of an action influences activity in the superior
temporal sulcus during social perception. Jowrnal of
Cognitive Neuroscience, 16, 1706-1716.

Pelphrey, K. A., Morris, J. P., Michelich, C. R., Allison, T., &
McCarthy, G. (2005). Functional anatomy of biological
motion perception in posterior temporal cortex: An fMRI
study of eye, mouth and hand movements. Cerebral
Cortex, 15, 1866—1876.

Perrett, D. 1., Smith, P. A., Potter, D. D., Mistlin, A. J., Head,
A. 8., Milner, A. D., et al. (1985). Visual cells in the
temporal cortex sensitive to face view and gaze direction.




132 REFERENCES

Philosophical Transactions of the Royal Society of
London. Series B, Biological Sciences, 223, 293-317.
Picciuto, V. (2011). Addressing higher-order misrepresenta-
tion with quotational thought. Journal of Consciousness

Studies, 18(3-4).

Premack, D., & Woodruff, G. (1978). Does the chimpanzee
have a theory of mind? Behavioral and Brain Sciences, 1,
515-526.

Ptak, R., & Schnider, A. (2010). The dorsal attention network
mediates orienting toward behaviorally relevant stimuli
in spatial neglect. Jouwrnal of Neuroscience, 30,
12557-12565.

Puce, A., Allison, T., Bentin, S., Gore, I. C., & McCarthy, G.
(1998). Temporal cortex activation in humans viewing
eye and mouth movements. Journal of Neuroscience,
18,2188-2199.

Qureshi, A. W., Apperly, I. A., & Samson, D. (2010).
Executive function is necessary for perspective
selection, not Level-1 visual perspective calculation:
Evidence from a dual-task study of adults. Cognition,
117(2), 230-236.

Rafal, R. D. (1997). “Balint syndrome.” In Feinberg, T. E.,
& Farah, M. J. (Eds.), Behavioral Neurology and
Neuropsychology (pp. 337-356). New York: McGraw-Hill.

Raichle, M. E. (2010). Two views of brain function. Trends in
Cognitive Sciences, 14(4), 180-190.

Raichle, M. E., Macleod, A. M., Snyder, A. Z., Powers, W. ],
Gusnard, D. A., & Shulman, G. L. (2001). A default
mode of brain function. PNAS 2001, 98(2), 676-682.

Rilling, J. K., Dagenais, J. E., Goldsmith, D. R., Glenn, A. L.,
& Pagnoni, G. (2008). Social cognitive neural networks
during in group and out group interactions. Neuroimage,
41(4), 1447-1461.

Rizzolatti, G., Fadiga, L., Gallese, V., & Fogassi, L. (1996).
Premotor cortex and the recognition of motor actions.
Brain Research. Cognitive Brain Research, 3, 131~-141.

Rizzolatti, G., & Sinigaglia, C. (2010). The functional role
of the parieto-frontal mirror circuit: Interpretations and
misinterpretations. Nature Reviews Neuroscience, 11,
264-274.

Rochat, P. (1998). Self-perception and action in infancy. Exp
Brain Res, 123(1-2), 102-109.

Rorden, C., Fruhmann Berger, M., & Karnath, H. O. (2006).
Disturbed line bisection is associated with posterior brain
lesions. Brain Research, 1080, 17-25.

Rosenthal, D. M. (2000). Consciousness, content, and meta-
cognitive judgments. Consciousness and Cognition, 9,
203-214.

Samson, D., Apperly, I. A., Braithwaite, J. J., Andrews,
B. J., & Bodley Scott, S. E. (2010). Seeing it their way:
Evidence for rapid and involuntary computation of what
other people see. Journal of Experimental Psychology.
Human Perception and Performance, 36, 1255-1266.

Samson, D., Apperly, I. A., Chiavarino, C., & Humphreys,
G. W. (2004). Left temporoparietal junction is necessary
for representing someone else’s belief. Nature
Neuroscience, 7, 499-500.

Saxe, R., & Kanwisher, N. (2003). People thinking about
thinking people: fMRI investigations of theory of mind.
Neurolmage, 19, 1835-1842.

Saxe, R., Moran, J. M., Scholz, J., & Gabrieli, J. (2006).
Opverlapping and non-overlapping brain regions for theory
of mind and self reflection in individual subjects. Social
Cognitive and Affective Neuroscience, 1, 229-234.

Saxe, R., & Wexler, A. (2005). Making sense of another
mind: The role of the right temporo-parietal junction.
Neuropsychologia, 43, 1391-1399.

Scholz, J., Triantafyllou, C., Whitfield-Gabrieli, S., Brown,
E. N., & Saxe, R. (2009). Distinct regions of right
temporo-parietal junction are selective for theory of
mind and exogenous attention. PLoS One, 4, e4869.

Schooler, J. W. (2002). Re-representing consciousness:
Dissociations between experience and meta-conscious-
ness. Trends in Cognitive Sciences, 6(8), 339-344.

Searle, J. R. (2007). Dualism revisited. Journal of
Physiology, Paris, 101, 169-178.

Shannon, C. E., & Weaver, W. (1949). The Mathematical
Theory of Communication. Urbana, IL: University of
Illinois Press.

Shultz, S., & Dunbar, R. (2010). Encephalization is not a uni-
versal macroevolutionary phenomenon in mammals but is
associated with sociality. Proceedings of the National
Academy of Sciences, USA, 107(50), 21920-21924.

Shulman, G. L., Pope, D. L., Astafiev, S. V., McAvoy, M. P,,
Snyder, A. Z., & Corbetta, M. (2010). Right hemisphere
dominance during spatial selective attention and target
detection occurs outside the dorsal frontoparietal network.
Journal of Neuroscience, 30, 3640-3651.

Silani, G., Bird, G., Brindley, R., Singer, T., Frith, C., & Frith,
U. (2008). Levels of emotional awareness and autism: An
fMRI study. Social Neuroscience, 3, 97-112.

Smallwood, J. (2010). Why the global availability of mind
wandering necessitates resource competition: Reply to
McVay and Kane. Psychological Bulletin, 36(2), 202-207.

Smith, S. M., Fox, P. T., Glahn, D. C., Mackay, C. E.,
Fillipini, N., Watkins, K. E., Toro, R., Laird, A. R., &
Bekman, C. F. (2010). Correspondence of the brain’s
functional architecture during activation and rest. PNAS
2009, 106(31), 13040-13045.

Spreng, R. N., & Grady, C. L. (2010). Patterns of brain activity
supporting autobiographical memory, prospection and
theory of mind, and their relationship to the default
mode network. Journal of Cognitive Neuroscience, 22(6),
1112-1123.

Straube, T., & Miltner, W. (2011). Attention to aversive
emotion and specific activation of the right insula and
right somatosensory cortex. Neurolmage, 54,2534-2538.

Sugrue, L. P., Corrado, G. S., & Newsome, W. T. (2005).
Choosing the greater of two goods: Neural currencies for
valuation and decision making. Nature Reviews
Neuroscience, 6, 363-375.

Szczepanski, S. M., Konen, C. S., & Kastner, S. (2010).
Mechanisms of spatial attention control in frontal and
parietal cortex. Journal of Neuroscience, 30, 148—160.

Tate, A. J., Fischer, H., Leigh, A. E., & Kendrick, K. M. (2006).
Behavioural and neurophysiological evidence for face iden-
tity and face emotion processing in animals. Philos Trans R
Soc Lond B Biol Sci, 361(1476), 2155-2172.

Thiagarajan, T. C., Lebedev, M. A., Nicolelis, M. A, &
Plenz, D. (2010). Coherence potentials: Loss-less, all-or-
none network events in the cortex. Plos Biol, 8(1),
¢1000278. doi:10.1371/journal.pbio.1000278.

Thompson, J. C., Hardee, J. E., Panayiotou, A., Crewther, D.,
& Puce, A. (2007). Common and distinct brain activation
to viewing dynamic sequences of face and hand move-
ments. Neurolmage, 37, 966-973.

Titchner, E. B. (1898). The feeling of being stared at. Science,
8, 895-897.




Tononi, G., & Edelman, G. M. (1998). Consciousness and
complexity. Science, 282, 1846-1851.

Tononi, G. (2008). Consciousness as integrated information:
A provisional manifesto. Biol. Bull., 215, 216242,

Treisman, A. (1988). Features and objects: The Fourteenth
Bartlett Memorial Lecture. Quarterly Journal of
Experimental Psychology, 404, 201-237.

Treisman, A., & Gelade, G. (1980). A feature-integration
theory of attention. Cognitive Psychology, 12, 97-136.
Vaina, L. M., Solomon, J., Chowdhury, S., Sinha, P., &
Belliveau, J. W. (2001). Functional neuroanatomy of bio-
logical motion perception in humans. Proceedings of the
National Academy of Sciences of the United States of

America, 98, 11656-11661.

Vallar, G. (2001). Extrapersonal visual unilateral spatial
neglect and its neuroanatomy. Neurolmage, 14, S52-S58.

Vallar, G., & Perani, D. (1986). The anatomy of unilateral
neglect after right-hemisphere stroke lesions. A clinical/
CT-scan correlation study in man. Neuropsychologia, 24,
609-622.

Van Boxtel, J. J. A., Tsuchiya, N., & Koch, C. (2010).
Opposing effects of attention and consciousness on after-
images. Proc. Natl. Acad. Sci. US4, 107(19), 8883—8888.

Van Gulick, R. (2004). Higher-order global states (HOGS):
An alternative higher-order model of consciousness.
In R. Gennaro (Ed.), Higher-Order Theories of
Consciousness, Philadelphia: John Benjamins.

Vogeley, K., Bussfeld, P., Newen, A., Herrmann, S., Happé,
F., Falkai, P, et al. (2001). Mind reading: Neural

REFERENCES 133

mechanisms of theory of mind and self-perspective.
Neurolmage, 14, 170-181.

Vogeley, K., May, M., Ritzl, A., Falkai, P., Zilles, K., & Fink,
G. R. (2004). Neural correlates of first-person perspective
as one constituent of human self-consciousness. Journal
of Cognitive Neuroscience, 16, 817-827.

Von der Malsburg, C. (1997). The coherence definition of
consciousness. In M. Ito, Y. Miyashita, & E. Rolls (Eds.),
Cognition, computation, and consciousness (pp.
193-204). Oxford, UK: Oxford University Press.

Weed, E., McGregor, W., Feldbaek Nielsen, J., Roepstorft,
A., & Frith, U. (2010). Theory of mind in adults with right
hemisphere damage: What’s the story? Brain and
Language, 113, 65-72.

Wicker, B., Michel, F., Henaff, M. A., & Decety, J. (1988).
Brain regions involved in the perception of gaze: A PET
study. Neurolmage, 8, 221-227.

Wimmer, H., & Perner, J. (1983). Beliefs about beliefs:
representation and constraining function of wrong beliefs
in young children's understanding of deception.
Cognition, 13(1), 103-128.

Wyk, B. C., Hudac, C. M., Carter, E. J,, Sobel, D. M., &
Pelphrey, K. A. (2009). Action understanding in the
superior temporal sulcus region. Psychological Science,
20, 771-771.

Zacks, J. M., Vettel, J. M., & Michelon, P. (2003). Imagined
viewer and object rotations dissociated with event-related
MRI.  Journal of Cognitive Neuroscience, 15,
1002-1018.




