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Who am |?

Quis ego et qualis ego?
Who am | and what kind of man am 1?

St. Augustin (400)

What is the self?

Where then is this self, if it is neither in the
body nor the soul?

Pascal (1670)

How can we answer such questions?

Your are nothing else but a bunch of
neurons (Crick).

You are your synapses (LeDoux).

Bunch of atoms, electrons and protons?
Yes, but is it a satisfactory answer?




Astronomy and neuroscience

Compare ancient views with modern astronomy,
infinitely more sophisticated - 2 trillion galaxies!

The Sp itzer Infr: red Nearhy Galaxies Survey (SINGS) Hubble Tu rung -Fork

Our direct experience favors belief in flat earth and ghost in the
machine. The ancient understanding of a person has not changed
much in the folk psychology or religious thinking.

Neuroscience gives deeper understanding of human nature.



Can we know ourselves?

We are not aware of most processes that go on in “our” head
(S. Freud “We are not the masters in our own house”).

In many cases we are unable to describe our mental processes.

Million voices in the brain compete
for conscious attention
(global network dynamics).

Can the mind understand the brain
that creates it? How deeply?

Can the mind control the brain?
What are the limits of such control?
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James C. Christensen




Brain <& Mind

Objective <& Subjective
Brain <& Mind
Full understanding requires:
® Conceptualization (meaning);
® brain activations (info);
® physical processes (material).

Neurodynamics: neural activity from
EEG, ERP, MEG, NIRS, PET, fMRI.

Mental events: hard to describe.
E. Schwitzgabel, Perplexities of
Consciousness, MIT 2011.

Unusual brains states => strange
experiences, indescribable.




l. Physical: brain complexity

Everything in biology is incredibly complex.

Human brains are most complex objects in the known Universe.
Human organisms contains:

O ~50x10%2=50 trillion cells, with 2m of DNA each.

O ~10*m=100 billion km DNA or 666 x distances to the Sun!

O Bacteria, viruses, fungi, archaea & other microbes >> cells.
O

~10%>=1 quadrillion of synapses in 3rd year; >1 mln new
synapses/sec formed during infancy; neurotrophic factors.

O ~10%1=100 billion neurons

O ~10 billion proteins in each cell, more than 0.5 min kinds of
protein known, over 2000 different families.

Cells die after 4 days (gut), some (neurons) live for 100 years.
Organism is not a fixed thing, it is an evolving process.


http://en.wikiversity.org/wiki/Topobiology

6 Levels of Phenomics

At which level can we understand

Research Domain Criteria (RoDC):
analyze 5 large brain systems —
negative/positive valence systemes,
arousal, cognitive, affective
systems — through interaction of
Genes, Molecules, Cells, Circuits,
Physiology, Behavior, Self-Report,
and Research Paradigmes.

From genes to cognitive
subsystems and behavior, neurons
and networks are right in the
middle of this hierarchy.

=> Neurodynamics is the key!
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Limits on knowing brains

Biological processes are supported by huge complexity of bodies.

Understanding biology at the cellular level is well beyond
capability of human mind, but not of the Artificial Intelligence.

Omic.org has ~400 entries, huge 100% 900+ 1900+ 28
of genes publications parameters processes
databases, such as MetaCyc, BioCyc.

Tufts University: the first model of
planarian regeneration, which had
eluded human scientists for over 100
years, discovered by a non-human
intelligence (Lobo & Levin, PLOS
Computational Biology, 2015).

Predictive Novel Biological Rational

AI haS NO |ImItS capacity hypotheses discovery design



http://en.wikiversity.org/wiki/Topobiology

Limits on knowing minds

Mental processes are supported by huge complexity
of brains and bodies. All forms of memory result from
physical changes in the substrate of brain matter.

Simplest visual stimuli activate >50 brain subnetworks! Negligible
percentage of brain processes are consciously accessible.

Brains/bodies are substrates in which minds may arise.
Environment creates unique form of self/mind.

Could | have been born in China? Or in ancient times?
Self is not born, it slowly emerges over many years out of basic
predispositions, evolutionary baggage.

Mind is a shadow of rich brain processes, neurodynamics.
But mental level is autonomous and allows for stronger causation!


http://en.wikiversity.org/wiki/Topobiology

Limits on knowing minds

Mind is a shadow of neurodynamics.

Plato was right! | (ARG
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http://en.wikiversity.org/wiki/Topobiology

Erosion: neural determinism

Questions of the King Milinda (Milinda Panha, ca. +400).
Nagasena: Water erodes the soil and flows in riverbeds, just like
neural activation flows in our brains, creating habits and memes.
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New things are learned on the canvas of what we already know,
the order in which we learn is important (ex. creationist ideas).



Thought: strong, coherent activation
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Many processes go on in parallel, controlling the state of our
bodies. Most are automatic, hidden from our Self.

Processes implemented by subnetworks compete for access to
consciousness, attention at the highest level of control, activate
representation of Self using the Winner-Takes-Most mechanism.



GNWT

Global Neuronal Workspace Theory (Dehaene et al. 1998).
We experience only the final results of modular processes.

hierarchy of modular high-level processors
processors _ with strong
Rt long-distance
7 interconnectivity

automatically =2, 2—° 5 processors
activated oL o mobilized
processors ' VA, into the
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Conscious
Perception

Very little of what
passes through the
brain is perceived.
Stimulation and
attention (>20 Hz) is
needed to create
persistent brain states
distinguishable from
noise.

Perception: 40 Hz

C. Gilbert, M. Sigman,
Neuron 2007

Dehaene, Changeux, Naccache, Sackur, & Sergent, TICS, 2006
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Measuring consciousness

Neural correlates of consciousness?

PET studies show brain activity in normal awake subjects, locked-
in subjects, anesthesia, minimal consciousness and vegetative
states, and no activity of the dead brain. Normal consciousness
requires distributed integrated brain activity.

Comscinus contrel Vegetathe siste
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Complexity of structure
is not sufficient:
cerebellum has 80% ’
of all neurons, and no
contribution to
conscious states. e e g i

Laureys S. et al., Lancet
Neurology,
2004;3:537-54.




Direct brain activation

Sony patent for direct streaming of multimedia to the brain.

Method and system for generating sensory data onto the human
neural cortex. US Patent 6536440 B1, enabling “sensory
experiences” by firing “pulses of ultrasound at the head to modify
firing patterns in targeted parts of the brain.”

Is conscious Brain-to-Brain Communication possible?

Emltter
j COMPUTER
|
@. @. processing

Mlnd -) Brain

BLUETOOTH INTERNET NEURONAVIGATION
EEG dat CODE: 9010018 Coil locaion/orientation



Brain modules and cognitive processes

Simple and more difficult tasks, Provincial hubs
requiring the whole-brain
network reorganization.

Left: 1-back,
Right: 2-back,

Provincial (local) hubs.

Dynamical change of the

1-back 2-back
landscape of attractors, [] Frontoparital (7p) [ DefauttMode (o)
depending on the cognitive Bl veroryeM) ] ventral Atienton (va)
load. Local => global binding ] somato-Motor (som) [ salience (sA)

(especially DMN, PFC areas). Bl Cinguio-Opericuiar (co) Ml Dorsal Attertion (DA)
] Auditory (AU) [ viswal (vis)

Average over 35 people. suxoricasus [ ] Otver




Brain modules and cognitive processes

Simple and more difficult tasks, Connector hubs
requiring the whole-brain
network reorganization.

Left: 1-back,
Right: 2-back,
Connector hubs.

Dynamical change of the

landscape of attractors, |
. " [] Fronto-parietal (FP) [} Defauit Mode (oM)
depending on the cognitive load. B veroyem ] Vel Atention (v

Local => global binding (especially  [Fjuyraaery e
DMN, PFC areas). Il cinguio-Opericular (co) [Jl] Dorsal Attention (DA)

Mental effort ~ global integration.  |BESECE ] visual vis)

Subcortical (SUB) [] other

Finc K, Bonna K, Lewandowska M, Wolak T, Nikadon J, Dreszer J, Duch W, Kihn
S, Human Brain Mapping 38, 2017



Finn et al. (2015) Identifying individuals using patterns of brain

connectivity. Nature Neuroscience. Top/ Bottom: highly
unique/consistent connections. Everyone is different?
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Deconstructing the Self

Northoff et.al, Self-referential processing in our brain, a meta-
analysis of imaging studies on the self. Neuroimage 31, 440, 2006

A emotional domain: self > non-self
V facial domain: self > non-self

@ memory domain: self > non-self
& motor domain: self > non-self

<] social domain: self N other

© social domain: self > other
# spatial domain: self > non-self
P> verbal domain: self > non-self

CMS, Cortical Midline Structures, are involved in the verbal, spatial,
emotional & face recognition test when self and others are distinguished.

Proto-self: body; autobiographical: memory; social self: relations.

Neuroscience deconstructs many psychological concepts!



Know your brain

You must know what to do before you know what you are doing.
With access to your brain areas that do the planning | may know
it first! No problem with infinite regress: intention intention in...




Neurofeedback

Mind<Brain<>Mind

Control your brain if
you know what is goin
on there ...

L %
neurofeedback

People who suffer from OCD or Parkinson disease and have
deep brain stimulators feeling the onset of problems may
increase or turn-on their stimulation, directly controlling their
brains through external loop.



Do | have privilege access?

C.S. Soon, M. Brass, H-J. Heinze & J-D. Haynes,
Unconscious determinants of free decisions in the human brain.
Nature Neuroscience, April 2008.

Prediction of decision

.. the outcome of a decision can be ) e
encoded in brain activity of
prefrontal and parietal cortex up to
10 sec before it enters awareness.

Onset of predictive information

High-level control areas prepare an &
upcoming decision long before ol it deci
it enters awareness.

Button press

| have observed my own behavior longer than anyone else,

so | should be able to predict it better than other people.

M. Kosinski et al. Private traits and attributes are predictable from
digital records of human behavior. PNAS 2013



voxel [24,51,68] left

model performance: 0.207 (p=0.000) =
Not bad, pretty reli

murder
murderer

Each word activates a whole map of activity in the brain.
Whole map for the word “murder” shown on the flattened cortex.

Why such activity patterns arise? Brain subnetworks connect active areas.

http://gallantlab.org/huth2016/ and short movie intro.

Can one do something like that with EEG or MEG? If yes, there will be great
application opportunities.


http://gallantlab.org/huth2016/
http://gallantlab.org/huth2016/
The brain dictionary-16.lnk

Mental images - Vision

From retina through LGN (thalamus, lateral geniculate body) to the primary
visual cortex V1, through dorsal and ventral pathways, information flows
trough many layers, receptive fields react WHERE? (Motion,

Spatial Relationships)  WHAT? {Form, Color}

to the complex stimuli in an invariant way. [Parietal stream] [inferotemporal stream]
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Brain activity <& Mental image

fMRI activity can be correlated with deep CNN network features;
using these features closest image from large database is selected.

Horikawa, Kamitani, Generic decoding of seen and imagined objects using
hierarchical visual features. Nature Comm. 2017.

Category-average patterns
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fMRI < CNN

CNN with 8 layers, layers 6, 7, 8
are fully connected, synthetizing
preferred images at the output.

Works with seen images, but also
decode of imagery and dreams
(Horikawa, Kamitani, FCN 2017).

DNN1 DNN2 DNN7 DNNS8
DNN2 DNNS3 DNN4 DNN5 DNNS8
8 RS o gl
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Al Progress

1995 — Chinook wins 6:0 in checkers
1997 — chess, Deep Blue wins with Kasparov

2011 - IBM Watson wins in Jeopardy.
2015 — robotic lab + Al software discovers
genetic and signal pathways regenerating
flatwormes.

2016 — Google AlphaGo wins with world
champion Lee Sedol 4:1
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Neuromorphic computers

Synapse 2015: IBM TrueNorth chip
~1M neurons and %G synapses, ok 5.4G tranzystorow.

NS16e module=16 chips=16M neurons, >4G synapses, requires
only 1.1 W! Scaling: 256 modules, ~4G neurons, ~1T= 10%?

synapses <300 W power!
= - o]

IBM Neuromorphic System /
can reach complexity of
the human brain.

Artificial brain will know
more about itself than we
do — better memory and

speed of thinking. ["is



Nebulous mind

Working memory holds 7+2 chunks. Complexity of the
brain/body will limit our knowledge of biological processes.

Access to the internal information flow in my brain is not such a
great advantage, external observer may predict my behavior,
| may need to observe what am | doing to understand myself.

“We know ourselves only in so far as we have been tested” (W.
Szymborska). But we can test only very little.

Biofeedback may help to make some brain/body processes explicit,
but we can know only very few.

Biological details are beyond our cognitive reach.

| am much more than my Self that knows little about processes
going on in “mine” brain and the whole organism.

Surprisingly, causal power of simplified descriptions may be
greater than causal power of perfect knowledge! (Hoel 2016).



Thank you for
synchronization
of your neurons!

Google: W. Duch
=> papers, talks, lectures ...



(A) Unisensory-based division of labor as a comprehensive (B) The brain as a flexible task machine
organization principle evidence from animals
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(C) The brain as a flexible task machine evidence (D) Two non-mutually exclusive mechanisms for the
from humans emergence of T5SI organization and reorganization
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Development /
Nature vs. Nurture — both are important. %
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Environment => neural determinism. -~ & .

Biology => genetic determinism.

Person = Body/Mind. What is born? Body and potential for
development, limited by genetics, reflexes but not the mind.
Mind develops over time. Potential should not be wasted.
Reflexes => sensory perception => object recognition => speech
understanding => formation of concepts => theory of mind.
Evolution needs variability, distribution of all traits has extremes.
Wrong brain wiring => sadist, psychopath, pedophile ... saint.
Damage to PFC leads to acquired sociopathy, impulsive affective
criminals. Damage to amygdala leads to poor empathy, low fear,
typical of psychopathic emotionless criminals.

~25% of all imprisoned in the USA belong to these categories.
Reward system is not functioning properly.



