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Explaining Consciousness:

One of the greatest
challenges for science



Science (2005)
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Science (2005)

The greatest and hardest questions for 21st
Century science:

#1 What Is the Universe Made Of?

#2 What 1Is the Biological Basis of
Consciousness?



Why is consciousness so
important?

Rene Descartes (1596-1650)




Why is consciousness so important?

The existence of consciousness
cannot be coherently doubted:

Cogito, ergo sum




Why is consciousness so important?

Rene Descartes (1596-
1650):

We know our own
consiousness more
directly and more
certainly than
anything else in
this world




CONSCIOUSNESS

CONFESSIONS OF A ROMANTIC REDUCTIONIST

CHRISTOF KOCH

Christof Koch (2012),
in “Confessions of a Romantic Reductionist”, p. 23.



Consciousness

“Without consciousness there is
nothing. The only way you
experience your body and the
world, is through your subjective
experiences.

Christof Koch (2012)
in “Confessions of a Romantic Reductionist”, p. 23.



Consciousness

“Ultimately, you only encounter the
world in all of its manifestations via
consciousness.

And when consciousness ceases, this
world ceases as well.”

Christof Koch (2012),
in “Confessions of a Romantic Reductionist”, p. 23.



What Is "Neurophilosophy”?



Traditional philosophy:

"Armchair philosophy”




Neurophilosophy of
Consciousness:

* How philosophy might contribute to
neuroscientific research on
consciousness

* How neuroscience might help to solve
philosophical problems of consciousness




What is
“Consciousness” ?




Can ”consciousness” be
defined?



Can ”consciousness” be defined?

>> There are many different
definitions of consciousness!

>> they have to be distinguished from each
other!




Three Major Concepts

Phenomenal consciousness:

Reflective consciousness:

Self-awareness:




Consciousness:

1) Phenomenal Consciousness

- to feel one’s own existence in the here and
now

- qualia: the redness of red, the hurtfulness of
pain...

A




cConsciousness:

2) Reflective Consciousness

- ”’thinking”, "cognition”, inner speech, working
memory, voluntary control of attention and
action
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Consciousness:

3) Self-Awareness

- the idea of a ?”self”
as the embodied and
temporally enduring
(past-present-future)
conscious subject

Mirror self recognition:




State and Contents of Consciousness




The Contents of Consciousness




The Contents of Consciousness

- Specific experiences that occur in the subject’s
phenomenal consciousness

- colors, sounds, pains, mental images, emotions...




Conscilousness as a State

Consciousness On .
Consciousness Off




Cconsciousness as a State

- to be in the conscious state is to have
the ability to undergo subjective
experiences

>> to feel one’s own existence

(Revonsuo 2006, 2010)



Cconsciousness as a State

- Conversely, to go into an unconscious
state is to lose the ability to have any
subjective experiences

>> the inability to feel or think anything at
all

(Revonsuo 2006, 2010)



BUT: in clinical medicine,

"consciousness' is often defined as...




BUT: in clinical medicine,

"consciousness" is typically defined as

... responsiveness to stimuli
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Glasgow Coma Scale

. Not assessable
. Spontaneous

. To speech

. To pain

. None

. Not assessable

. Oriented conversation

. Confused speech

. Inappropriate words

. Incomprehensible sounds

1. None

6. Obeys simple commands

5. Localizes pain

4. Withdraws (normal flexion)
. Stereotyped flexion

. Stereotyped extension

. None



BUT:

Are unresponsive patients
necessarily unconscious??

(i.e. devoid of subjective experiences)?




Dissociations between:

internal ”’consciousness”
external “responsiveness”:




Conscious control

Conscious control Vegetative state
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Locked-In syndrome

Figure 7. Resting cerebral metabolism in healthy individuals and patients in vegetative state, locked-in syndrome, and minimally conscious state.
Images are shown in the sagittal plane with the same colour scale (mg glucose metabolised per 100 g of brain tissue per minute). Note that in healthy
(conscious) individuals the medial posterior cortex (encompassing the precuneus and adjacent posterior cingulate cortex, shown with a red line) is the
most active region of the brain metabolically; in patients in vegetative state who wake, this same area (shown with a blue line) is the least active region
metabolically. In the locked-in syndrome, no Supratentorial brain region shows substantial decreases in metabolism. The precuneus and posterior
cingulate cortex of patients in minimally conscious state show an intermediate metabolism, higher than in a vegetative state, but lower than in healthy
(conscious) individuals. We hypothesise that this region represents part of the neural network subserving consciousness.




Owen et al.,
Science 313: 1402 (Sept. 8, 2006)

Evidence of Awareness

Researchoers discovered that a vegetative pa- Lo imagine playing tennis and walking through
Licnl was actually conscious by comparing her  the rooms of their homes, their hrains showed
brain activily wilh that of healthy controls. When  similar activation in motor and spatial naviga-

the patient and the healthy subjecls were asked  tion areas.

Tennis Imagery

Spatial Navigation Imagery

Healthy Volunteers




Owen et al.,
Science 313: 1402 (Sept. 8, 20006)

Evidence of Awareness

Researchers discovered that a vegetative pa- Lo imagine playing tennis and walking through
Licnl was actually conscious by comparing her  the rooms of their homes, their hrains showed
brain activily wilh that of healthy controls. When  similar activation in motor and spatial naviga-
the patient and the healthy subjecls were asked tion areas. .

Tennis Imagery Spatial Navigation Imagery

Patient

Healthy Vaolunteers




Larger study:
communication by brain activity

The NEW ENGLAN D
JOURNAL o MEDICINE

ESTABLISHED IN 1812 FEBRUARY 18, 2010

Willful Modulation of Brain Activity in Disorders
of Consciousness




A Healthy Controls B Patient 54

C Patient 4

F Patient 22

Figure 1. Mental-Imagery Tasks.

Functional MRI scans show activations associated with the motor imagery as compared with spatial imagery tasks (yellow and red) and
the spatial imagery as compared with motor imagery tasks (blue and green). These scans were obtained from a group of healthy control
subjects and five patients with traumatic brain injury.




A “Is your father's name Alexander?” “Yes” response with the use

-l

c
2
®
Q

of motor imagery

B “Do you have any brothers?” “Yes” response with the use
of motor imagery




C “Is your father’'s name Thomas?” “No” response with the use D “Do you have any sisters?” “No” response with the use
of spatial imagery of spatial imagery

Patient

Figure 3. Communication Scans.

Results of two sample communication scans obtained from Patient 23 (Panels A and C) and a healthy control subject (Panels B and D)
during functional MRI are shown. In Panels A and B, the observed activity pattern (orange) was very similar to that observed in the motor-
imagery localizer scan (i.e., activity in the supplementary motor area alone), indicating a “yes” response. In Panels C and D, the observed

activity pattern (blue) was very similar to that observed in the spatial-imagery localizer scan (i.e., activity in both the parahippocampal

gyrus and the supplementary motor area), indicating a “no” response. In Panels A and C, the names used in the questions have been

changed to protect the privacy of the patient.
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Dissociations between:

internal ”’consciousness”
external “responsiveness”:



Brain and Cognition »xxx (201 1) x5 -
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Consciousness lost and found: Subjective experiences in an unresponsive state

Valdas Noreika**, Leila Jylhdnkangas?, Levente Mér6?, Katja Valli *, Kimmo Kaskinoro ¢,
Riku Aantaa“, Harry Scheinin9, Antti Revonsuo?®®

* Cantre for Cognitive New ascienw, Departinent of Psydhodogy, University of Turky 20014 Turky, Finkand

" School of Humanities and Informatics, University of Skivde, Skavde, Sweden
" Department of Anesthesia, Intensive Care, Emergency Medicine and Pain Therapy, Turku University Haspital, Turky, Rnland
* Department of Phannacology and Qiniaa! Pharmacology, and Turky PET Centre, University of Turky, Turku, Findand

ARTICLE INFO ABSTRACIT

Arfde hitary: Anesthetic-induced changes in the neural activity of the brain have been recently utilized as a research
Accepted 14 September 2011 model to investigate the neural mechanisms of phenomenal consciousness. However, the anesthesiologic
Availatie online s definition of consciousness as” responsiveness to the environment seems to sidestep the possibilitythatan
unresponsive individual may have subjectivwe experiences. The aim ofthe present study wasto analyze sub-
Keywor ds jective reports in sessions where sedation and the loss of responsiveness were induced by dexmedetomi-
Canstiousness dine, propofol, sevoflurane or xenon in a nonsurgical experimental setting. After regaining
ednanatoranRt responsiveness, participants recalled subjective experiences in almost 6% of sessions. During dexmede-
Depth of sedation tomidine sessions, subjective expenences were associated with shallower “depth of sedation™ as measured
Dexmedetomidine by an electroencephalography-derived anesthesia depth monitor. Results confirm that subjective experi-
ences may occur during clinically defined unresponsiveness, and that studies aiming to investigate phe-
nomenal consciousness under sedative and anesthetic offects should control the subjective state of
unresponsive participants with post-recovery interviews.

Subjective experiences

@ 2011 Elsevier Inc. All rights reserved.




Noreika et al 2011: Consciousness Lost and Found

N =40 (N = 10 per anesthetic)
* experimental, non-clinical context

* gradual increase of anesthetic until
unresponsiveness to command

* BIS- monitoring

* interview to report experiences immediately
after waking up



Noreika et al 2011: Consciousness Lost and Found

>> In almost 60% of the interviews,
subjective experiences were reported from
the unresponsive period

>> the experiences were dream-like



Are unresponsive patients necessarily unconscious??

(i.e. devoid of subjective experiences)?

>> ?Consciousness”

is NOT the same as
’responsiveness’



\'[ 61 0%

The Neural Correlates of
Consciousness



Model system in NCC research:

General Anesthesia

>> consciousness switched on and off by
anesthetic agents

>> what happens in the brain when
consciousness disappears or reappears?



The Thalamus as a Common Target of Anesthetics

Alkire T Miller 2006




The Thalamus is a Common Target of Anesthetics

One finding that emerges ..is that when
consciousness goes away with any
number of different anesthetics, a

relative decrease in thalamic activity
occurs.

(AlRire e Miller 2006, p. 233)



Decreases in Functional Connectivity

* Default Mode Network <> Executive Control
Network

* Cross-Modal Interactions

From: Bonhomme et al. 2012



From: Bonhomme et al. 2012

e

ematic representation of brain connectivity modifications as observed during fMRI studies at different
on by hypnotic agents that promote inhibitory neurofransmission
state: consciousness is thought to be sustained by synchroniz ivity into the anticomelated default
mode network (DMN, red) and executive control network (ECN, blue), as well as in r higher order information
processing nefworks (not presented). Cortical activily is sustained by the activity of the midbrain reficular forma-
tion (brown) and by corfico-thalamic interacti info those networks. Sensory information from the periphery is
transferred through the thalamus (yellow) to lower order sensory nefworks, where there exist cross-
tions, before being transferred to higher order networks. Information transfer through the thalamus is regulated by
sub-cortical systems involving the putamen (light blue)
Light ion: connectivity info higher order cortfical networks decreases, as anti-correlation between DMN and
ECN does (thinner arrows, lighter colors). Functional connectivity is also reduced into the sub-cortical systems regu-
lating thalamic activity (putamen, light blue). The connectivity in lower order sensory networks, including thalamo-
cortical connectivity, is preserved, while connectivity into sensory-motor networks increases (orange)
Profound sedation: connectivity into DMN and ECN further decreases and anti-correlation between them disap-
pears, Those networks present an anticomelated activity with the thalamus. Connectivity into lower order sensory
networks is still present but cross-modal interactions are altered. For those deep stages of sedation, no information
is available in the literature regarding connectivity info sensory-motor networks (question mark).
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Thalamocortical connectivity:
Specific and Non-specific
(Liu et al. 2012)

Wakefulness Deep Sedation Recovery

Nonspecific thalamocortical connectivity




FIG. 2.

Specific (A) and nonspecific (B) thalamocortical functional connectivity in baseline wakefulness, deep sedation, a1

recovery. Functional connectivity was obtained from seed-based analysis of the temporal correlation of fMRI blood oxyge
dependent signals. The brain was partitioned into 300 regions, and the regions containing <10 voxels were removed. Nonsp
connectivity is based on intralaminar nuclei as a seed specific C()l‘lllt’d]\ ity is based on the reminder of thalamus as see

afic

Deep sedation was defined as absent responsiveness to verbal commands. Data are from seven volunteers (Liu et al., 2012k

Note the substantial and reversible reduction of nonspecific thalamocortical connectivity during deep sedation (Figure by t
courtesy of Dr. Xiaolin Liu).

Wakefulness Deep Sedation Recovery

Nonspecific thalamocortical connectivity



our PET-anesthesia study: Return of Consciousness

(L&ngsjd 1, Scheinin H, Revonsuo A et al., 2012) :

The Journal of Neuroscience, April 4, 2012 - 32(14):4935-4943 - 4935

Behavioral/Systems/Cognitive

Returning from Oblivion: Imaging the Neural Core of
Consciousness

Jaakko W. Langsjo,">* Michael T. Alkire,”* Kimmo Kaskinoro,* Hiroki Hayama,’> Anu Maksimow,* Kaike K. Kaisti,'
Sargo Aalto,! Riku Aantaa,* Satu K. Jadskeldinen,* Antti Revonsuo,® and Harry Scheinin!7#

One of the greatest challenges of medern neuroscience is to discover the neural mechanisms of consciousness and to explain how they
produce the conscious state. We sought the underlying neural substrate ofhuman consciousness by manipulating the level of conscious-
ness in voelunteers with anesthetic agents and visvalizing the resultant changes in brain activity using regional cerebral blood fow
imaging with pesitren emission tomography. Study design and methodology were chosen te dissociate the state-related changes in
consciousness from the effects of the anesthetic drugs. We found the emergence of consciousness, as assessed with a motor respon se to
a spoken command, to be associated with the activation of a core network invelving subcortical and limbic regions that become func-
tionally coupled with parts of frental and inferior parietal cortices upon awakening from uncensciousness. The neural core of conscious-
ness thus invelves forebrain arousal acting to link motor intentions originating in posterior sensory integration regions with motor
action control arising in more anterior brain regions. These findings reveal the clearest picture yet of the minimal neural correlates
required for a conscious state to emenge.




Return of consciousness from dex anesthesia

Figure 2.  Neural correlates associated with the ROC during constant dose dexmedetomidine anesthesia. a, LV1 design score
pattern showing changes associated with the temporary return of consciousness ( p << 0.0001). b, PLS singular image (positive
salience; top, sagittal; bottom, axial) of LV1 (p << 0.001) projected on SPM-8 glass brain template. ¢, Sagittal (top) and axial

showing parietal (iii) and frontal activations. e, Voxel intensity plots (mean =+ SE) showing how i, ii, and iii follow LV1 pattern.




Return of consciousness from propofol anesthesia

Figure 4. Neural correlates associated with the return of consciousness following propofol anesthesia. a, LV2 design score
pattern shows changes primarily associating with ROC ( p << 0.03). b, PLS sinqular image (positive salience; top, sagittal; bottom,
axial) showing the regions associated with LV2 (p << 0.001) projected on SPM-8 glass brain template. ¢, Saqittal (top) and axial

occipital, parietal, and frontal activations at this threshold. e, Region-specific voxel intensity plots showing how i, ii, and iii follow
the overall pattern of LV2 (mean + SE).




Consciousness as a state

General Anesthesia

>> consciousness switched on and off by anesthetic agents

>> what happens in the brain when consciousness disappears or
reappears?

>> Extremely active area of
NCC research



NCC of visual consciousness
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NCC of visual consciousness

What happens

in the brain
when we
undergo

the subjective
experience of
seeing?
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The Ventral Stream Hypothesis:

NCCs of visual consciousness are located
in areas along the ventral visual stream

Ventral stream/Dorsal stream




NCC in binocular rivalry in monkeys:
how many % of single cells correlate activity with
content of visual consciousness (Logothetis et al.)

antral sulcus

Parietal /
cortex




Human fMRI studies: faces and places

(Tong et al.)




EEG Correlates of
Visual Consciousness




Figure 3.5 Event-related potentials (ERPs).

An ERP is revealed by extracting portions, or epochs,
of the ongoing EEG time-locked to repeated occur-
rences of a sensory, cognitive, or motor event and
averaging the epochs together. In this way, the back-
ground EEG signal that is unrelated to the event is
averaged out, revealing the average event-related
response to the stimulus. In this example, the ERP is
recorded from the occipital scalp in response to a
repeated visual stimulus (S).
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ERP Correlates of Visual Consciousness

-The DIFFERENCE in ERPs between
a stimulus that enters
consciousness and a similar
stimulus that remains outside
consciousness




Typical topography and time course of

VAN & LP

120 -176 ms 176 -232 ms 236 -292 ms 292 - 348 ms

352 -408 ms 408 - 464 ms 468 - 524 ms

_IIIIIIIII | IIIIIIIIIII!
5.0 PV 5.1 uv

VAN is illustrated as the
posterior negativity
(blue color), which
develops between 100-
200 ms and is maximal
at occipital and
posterior temporal sites
around 250 ms. Late
postive difference (LP)
is demostrated by the
parietal postivity (red

color) peaking after 400

MS. (The maps have been
calculated from the data of

Koivisto et al. 2005).




Visual consciousness:
Early vs Late

Does visual consciousness happen
early (VAN) or late (LP/P3) ?

- Visual cortex or frontoparietal networks?
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Will neuroscience ever solve
the Brain-Consciousness —problem?

Recovery

Nonspecific thalam)




Will neuroscience ever solve

the Brain-Consciousness —problem?
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PROPOFOL xCEF corrclat]




>> we find only neural correlates, not
consciousness itself!




The Explanatory Gap




The Explanatory Gap

J. Levine (1983)

- we cannot even imagine any kind
of mechanism that could explain
how subjective experiences arise
from objective physical or neural
phenomena




brain activity >> consciousness...

| THINK YOU
SHOULD BE MORE
SPECIFIC HERE IN

STEP TWO




Colin McGinn (1989): Can We Solve the
Mind-Body Problem?

"Somehow, we feel, the
water of the physical
brain is turned into the

of consciousness,
but we draw a total blank
on the nature of this
conversion.”



The "Hard Problem?”

(Chalmers 1995)

- Why does any neural activity in
the brain produce any kind of
subjective experiences?



Will neuroscience ever solve
the Brain-Consciousness —problem?
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For more details, see also:

Current Pharmaceunical Design, 2014, 20, 000-000 1

Harnessing Anesthesia and Brain Imaging for the Study of Human Consciousness

T T angcinlld Antt B avancin e 14
Jaakko W. Langsjd ~*, Antt1 Revonsuo™ and Harry Scheinin

YTurku PET Centre, University of Turku and Turku University hospital, P.O. Box 52, FI-205 21 Turku, Finland: *Intensive Care Unit
Tampere University Hﬂspsz Central Hasp:mf Teiskontie 35, FL.3352] Tampere, Finland: *Department of Psychol gy FI1-20014
University of Turku, Turku, Finland and School of Humanities and Informatics, University of Skivde, Skovde, Sweden; Depmm?enf
of Pharmacology, Drug Development and Therapeutics, FI-20014 University of Turku, Twrku, Finland

Abstract: Philosophers have been trying to solve the mind-body problem for hundreds of vears. Consciousness 15 the core of this prob-
lem: How do subjective conscious sensations, perceptions, feelings, and thoughts arise out of objective physical bram actrvities? How 1s
this subjective conscious world 1 causal interaction with the objective sensory and motor mechanisms of the brain and the body? Al-
though we witness the seamless mteraction of the mental and the physical worlds n our everyday lives, no scientific theory can yet fully
describe or explam it. The hard problem of consciousness, the question why and how any bram activity should be accompanied by any
subjective experiences at all. remains a mystery and a challenge for modem science. Anesthesia offers a umque and safe way to directly
manipulate the state of consciousness and can, thus, be used as a tool 1 consciousness research. With neuroimaging, such as positron
emission tomography (PET) and functional magnetic resonance imagmg (fMRI) performed at different states of consciousness. 1t 1s pos-
sible to visualize the state-related changes and pmpoint the bran structures or neural mechanisms related to changes i consciousness.
With these tools, neurosciences now show promise n disentangling the eternal enigma of human consciousness. In this article. we will
review the recent advancements in the field.



For more details, see also:

Antti Revonsuo

Consciousness

The Science of Subjectivity
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