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A framework for consciousness

Francis Crick and Christof Koch

Here we summarize our present approach to the problem of consciousness. After an
introduction outlining our general strategy, we describe what is meant by the term
‘framework’ and set it out under ten headings. This framework offers a coherent scheme for
explaining the heural correlates of (visual) consciousness in terms of competing cellular
assemblies. Most of the ideas we favor have been suggested before, but their combination is
original. We also outline some general experimental approaches to the problem and, finally,
acknowledge some relevant aspects of the brain that have been left out of the proposed
framework.

NCC: neural correlate(s)
of consciousness
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Francis Crick (1916-2004)
1962 Nobel laureate
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FIGURE 53.2 Midline structures in the brainstem and thalamus necessary

to regulate the level of brain arousal include the intralaminar nuclei of the

thalamus (ILN), the thalamic reticular nucleus (NET) encapsulating the

dorsal thalamus, and the midbrain reticular formation (MRF) that

encompasses the reticular activating system. Small, bilateral lesions in
2013/1/8 many of these nuclei can cause a global loss of consciousness.
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{4 £ (awake but not aware)F R, #%5 ?

fMRIFZE Jp B 7 3 & 48 4~ X 5

8 SEPTEMBER 2006 VOL 313 SCIENCE

lBREVIA

Detecting Awareness In the
Vegetative State

Adrian M. Owen,* Martin R. Coleman,? Melanie Boly,> Matthew H. Davis,*
Steven Laureys,? John D. Pickard®

Tennis Imagery Spatial Navigation Imagery

Patien PMC
atient & SMA ‘ pRC

———

-
Controls 'SMA




ﬁff&’s%’;‘{ﬁ’ﬁg i%:' <2k Ak
lb‘gﬁi;iﬁg 15‘1;1 =3 " d ‘:gi Q

/

FIGURE 53.4 The left line drawing can be perceived in one of
two distinct depth configurations shown on the right. Without
any other cue, the visual system flips back and forth between
these two interpretations of the Necker cube. From Koch

(2004).

2013/1/8



TGARE )R B .33‘.5833h 42 GRE)A B
2 g A e

Outsnde wurld

Inside the brain Conscious percept

FIGURE 53.3 The neuronal correlates of consciousness (NCC) are the minimal set of neural events and structures—here
synchronized action potentials in neocortical pyramidal neurons—sufficient for a specific conscious percept or memory.
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SCIENCE VOL 334 11 NOVEMBER 2011

Attention But Not Awareness Modulates
the BOLD Signal in the Human V1
During Binocular Suppression

Masataka Watanabe,*3*t Kang Cheng,?* Yusuke Murayama,” Kenichi Ueno,?
Takeshi Asamizuya,® Keiji Tanaka,® Nikos Logothetis®*

r

Although recent psychophysical studies indicate that visual awareness and top-down attention are two
distinct processes, it is not clear how they are neurally dissociated in the visual system. Using a two-by-two
factorial functional magnetic resonance imaging design with binocular suppression, we found that the
visibility or invisibility of a visual target led to only nonsignificant blood oxygenation level—dependent
(BOLD) effects in the human primary visual cortex (V1). Directing attention toward and away from the
target had much larger and robust effects across all study participants. The difference in the lower-level
limit of BOLD activation between attention and awareness illustrates dissociated neural correlates of
the two processes. Qur results agree with previously reported V1 BOLD effects on attention, while they
invite a reconsideration of the functional role of V1 in visual awareness.
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“IFYOUR CARISREADYTO GO, YOU
CANLEAVE FASTER THANIF YOU
HAVETO TURN ON THE ENGINE.”
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OPEN & ACCESS Freely available online =" PLoS one

Tracking the Unconscious Generation of Free Decisions
Using Ultra-High Field fMRI

Stefan Bode"%*%*, Anna Hanxi He"*?, Chun Siong Soon"*"®, Robert Trar‘npel1, Robert Turner’,
John-Dylan Hayneshlrs,?*
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Out-of-Body Experiences Enter the Laboratory

Where am 17 Swiss researchers used a video camera to give people wearing display
goggles the feeling they inhabited a virtual body (right) in front of their real location.
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OUT.OF-BUDY EXPERIENEE 2. The subject sees the hand prodding towards the

camera as he feels his chest being prodded. He also sees
his body from behind. This creates a vivid sense that his
real body is floating behind the one he sees.

1. A subject wears goggles showing the view
from a camera behind him. An experimenter
prods the subject's chest at the same time
as prodding at the camera.
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Neuron 70, 363-374, April 28, 2011

Cell
PRESS

Multisensory Mechanisms in Temporo-Parietal Cortex
Support Self-Location and First-Person Perspective

Silvio lonta,'-5 Lukas Heydrich,:4:5 Bigna Lenggenhager,! Michael Mouthon,! Eleonora Fornari,® Dominique Chapuis,28
Roger Gassert,25 and Olaf Blankel4*
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Master of illusion

Henrik Ehrsson uses mannequins, rubber arms and virtual
2013/1 reality to create body illusions, all in the name of neuroscience.



December 2008 | Volume 3 | Issue 12 | e3832 ‘
OPEN & ACCESS Freely available online P1LoS one

If | Were You: Perceptual lllusion of Body Swapping

Valeria I. Petkova®, H. Henrik Ehrsson

Department of Neuroscience, Karolinska Institutet, Stockholm, Sweden
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February 2011 | Volume 6 | Issue 2 | 17208

OPEN & ACCESS Freely available online PI1OS one

The lllusion of Owning a Third Arm

Arvid Guterstam*”>, Valeria I. Petkova®, H. Henrik Ehrsson

Brain, Body and Self Laboratory, Department of Neuroscience, Karolinska Institutet, Stockholm, Sweden
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Classic rubber
hand illusion
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May 2011 | Volume 6 | Issue 5 | e20195

OPEN @ ACCESS Freely available online PLoS one

Being Barbie: The Size of One’s Own Body Determines
the Perceived Size of the World

Bjorn van der Hoort*, Arvid Guterstam, H. Henrik Ehrsson*

Brain, Body and Self Laboratory, Department of Neuroscience, Karolinska Institutet, Stockholm, Sweden
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“Henrik’s
work speaks to
theidea that there
isno such thing as a
soul or a self that’s
independent of
the brain.”
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Wider Than the Sky: the phenomenal gift of consciousness
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