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Prelude to the Brain

« A word of caution: everything we think about the brain comes
from our brain.

« When | say something about the brain, it is my brain talking
about itself.




Prelude to the Brain

 What is the brain good at?




Prelude to the Brain

What is the brain good at?

Who is younger?




Behaviorism vs Cognitivism




Behaviorism

« Willlam James

— The brain is built to ensure survival in the
world

— Cognitive faculties cannot be abstracted
from the environment that they deal with

— The brain is organized as an associative
network

— Associations are governed by a rule of
reinforcement
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Behaviorism

« Behaviorism
— |lvan Pavlov

 Learning through conditioning: if an
unconditioned stimulus (e.g., a bowl of meat)
that normally causes an unconditioned
response (e.g., the dog salivates) Is
repeatedly associated with a conditioned
stimulus (e.g., a bell), the conditioned
stimulus (the bell) will eventually cause the
unconditioned response (the dog salivates)
without any need for the unconditioned
stimulus (the bowl of meat)

« All forms of learning can be reduced to
conditioning phenomena



Behaviorism

 Behaviorism
— Burrhus Skinner (1938)

« A person does what she does because
she has been "conditioned" to do that,
not because her mind decided so.

« Similarity between reinforcement and
natural selection: random mutations are
"selected" by the environment, and

random behavior is also selected by the
environment.



Behaviorism

Behaviorism
— Burrhus Skinner (1938)

« A random action can bring reward (from
the environment) that will cause
reinforcement and therefore will
Increase the chances that the action is
repeated in the future.

« An action that does not bring reward will
not be repeated.

* The environment determines which
behavior is learned, just like the
environment determines which species
evolve.
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Gestalt

o Gestalt

— An Iindividual stimulus does not cause an
Individual response

— Form is the elementary unit of perception: we
do not construct a perception by analyzing a
myriad data, we perceive the form as a whole

N

¢ J

Gaetano Kanisza’s triangle (1955)
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Gestalt

+ Gestalt
— Max Wertheimer (1912)

* Perception is more than the sum of the
things perceived

* Form is the elementary unit of perception
* You recognize my face even if it's different

— Wolfgang Kohler (1925)
* Problem-solving as sudden insight
« Restructuring of the field of perception
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Gestalt

e (Gestalt

— Karl Lashley (1930)

 Functions are not localized but distributed around
the brain

« Every brain region partakes (to some extent) in all
brain processes

 The brain as a whole is “fault tolerant”

 Memory as an electromagnetic field and a specific
memory as a wave within that field
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Gestalt f E‘,
Gestalt

— Kurt Goldstein’s theory of disease (1939) ‘%‘

* The organism cannot be divided into
"organs": it is the whole that reacts to the
environment

"Disease" iIs a manifestation of a change of
state between the organism and its
environment

« Healing does not come through "repair" but
through adaptation of the whole system

* The organism cannot simply return to the
state preceding the event that changed it,
but has to adapt to the conditions that
caused the new state
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Connectionism

Edward Thorndike (1911)

— Animals learn based on the outcome of their £
own actions ("law of effect")

— It complies with Darwinism: responses are
initially random and later “selected” by
success or failure

— The mind I1s a network of connections

— Learning occurs when elements are
connected

Input Lnits Hidden Linits Output Units



Connectionism

Edward Thorndike (1911)

— Behavior is due to the association of stimuli
with responses that Is generated through
those connections

— A habit is nothing more than a chain of
“stimulus-response” pairs

— Consistent with gestalt holism because in a
vast network of connections the relative
Importance of an individual connection Is
negligible
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Connectionism

 Edward Thorndike (1911)

— Human artifacts are modular,
hierarchical and linear

LEGO's Taj Mahal - 5,922 pieces
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Connectionism

 Edward Thorndike (1911)
— The brain IS connectionist

-
e
[

? Charlie Chaplin (1918)

Keep it Complex,
Stupid!

18



A brief History of Neuroscience

Donovan’s Brain (1953




A brief History of Neuroscience

P

Who Is she?
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A brief History of Neuroscience

21



A brief History of Neuroscience

1771: Luigi Galvani discovers that nerve cells are
conductors of electricity

1796: Franz Joseph Gall’s phrenology (mental faculties
are localized in specific brain regions)

1836: Marc Dax notes that aphasic patients (incapable
of speaking) have sustained damage to the left side
of the brain

1864: Paul Broca determines that the location of speech
IS In the left hemisphere

1874 Karl Wernicke determines that loss of linguistic
skills is related to damage to the left hemisphere

1876: John Hughlings Jackson discovers that loss of
spatial skills is related to damage to the right
hemisphere
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A brief History of Neuroscience

1891: Santiago Ramon y Cajal discovers the neuron,
the elementary unit of processing in the brain

1911: Edward Thorndike’s connectionism: the mind 1s
a network of connections and learning occurs when
elements are connected

1921: Otto Loewi discovers the first neurotransmitter

1940: Willian Van Wagenen performs “split brain”
surgery to control epileptic seizures

1949: Donald Hebb’s cell assemblies: the brain
organizes Iitself into regions of self-reinforcing
neurons - the strength of a connection depends
on how often it is used

1953: Roger Sperry “split-brain” experiment on cats




A brief History of Neuroscience

1952: Paul Maclean discovers the "limbic system"

1957: Vernon Mountcastle discovers the modular
organization of the brain in vertical columns

Figure 5: Schemartic oblique section of the limbic brain structures

Figure 6: Schematic cc_)ronal section of the br:a.ir. illustrating the , “. . . tional brain. HOPES Huntington's Outreach Program,
structures of the limbic system. HOPES Huntington’s Outreach Stanford University

Program, Stanford University

The Neocortical Column

(Ecole Polytechnique Fédérale de Lausanne)
24



A brief History of Neuroscience

Measuring brain activity:

1.

1962: David Kuhl experiments with emission reconstruction
tomography (later renamed Single-Photon Emission
Computed Tomography or SPECT)

1972: Godfrey Hounsfield and Allan Cormack invent X-
Ray Computed Tomography Scanning or CAT-scanning

1972: Raymond Damadian builds the world's first Magnetic
Resonance Imaging (MRI) machine

1973: Edward Hoffman and Michael Phelps create the
first PET (positron emission tomography) scans that allow
scientists to map brain function

1990: Seiji Ogawa's "functional MRI" measures brain
activity based on blood flow
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A brief History of Neuroscience

PET scan

26



A brief History of Neuroscience

Nonmusicians
Playing

Pianists Playing
Pianists Listening Noi!ggiigigns
isteni

Glucose provides energy to each neuron so it can perform work
The PET scan allows one to see how the brain uses glucose
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A brief History of Neuroscience

The loss of red areas indicates that the brain is using less glucose and
therefore neurons can’t function normally.
This results in disruption of brain functions.
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Alcohol VENTTERE! Multiple sclerosis

Alzehemier's disease  Parkinson's disease Cocaine

PR\

© Science Photo Ll>br:‘a‘r.y _ _
PET scans show long-term changes in glucose metabolism




A brief History of Neuroscience
Non invasive neuro-imaging techniques

MEG (msec-resolution) fMR! (mm-resolution)
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Roger Sperry

1941: Ph.D. in Zoology from the University of Chicago
1942: Postdoctoral work with Karl Lashley at Harvard
1946: Department of Anatomy at the University of Chicago

1947: Discovery of vertically oriented cortical columns
(predating Mountcastle)

1951: Chemoaffinity theory
1953: Split-brain experiment on cats

1954: Psychobiology at the California Institute of
Technology

1962: Study of "split brains" on humans with Gazzaniga
1964: “Brain bisection and mechanisms of consciousness”
1965: “Mind, Brain and Humanist Values”

31



The Split Brain:
A Tale of Two Halves

 Roger Sperry at CalTech (1960s)

The Split-Brain Operation

Corpus
callosum

Wl“lam Vvan Wagenen ¢ of Psychology. New York: Academic Press, 1973,



The Split Brain:
A Tale of Two Halves

Splitting of the corpus callosum of animals
left them relatively normal

The corpus callosum enables
communication between the two
hemispheres

Without it, each hemispheres is unaware
of any experience of the other one
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The Split Brain:
A Tale of Two Halves

Brain lateralization in humans

Left hemisphere: abstraction, reading,
writing, speaking, arithmetic, reasoning
and understanding (the “major”
hemisphere)

Right brain: creative, communication,
social skills but mostly a mystery

CHECK YOUR IQ: Why do we know so
much about the left hemisphere and so little
about the right one?




The Split Brain:
A Tale of Two Halves

“The great pleasure and feeling in my right
brain is more than my left brain can find
the words fto tell you.” - Roger Sperry
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The myth

The Split Brain:
A Tale of Two Halves

Left-brain dominant life:
analytical, linear

Right-brain dominant life:
creative but poor at math

36



The Split Brain:
A Tale of Two Halves

37
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Split-brain Consciousness
A Tale of Two Minds

« Left-talking hemisphere responds “normally”
*  Right hemisphere reacts to stimuli and reveals it g

"mind" {ntegrated
« They are unaware of each other s 4M'“d
« Different kinds of consciousness? .
_ _ _ LeDoux & Gazzaniga:
« Two conscious beings in the same body? “Integrated Mind”
(1977)
Sperry’s "Brain Bisection and Michael Gazzaniga: "Consciousness
Mechanisms of Consciousness" in BRAIN s/ & the Cerebral Hemispheres"
“Brain And Conscious CONSCIOUS http://www.youtube.com/watch?v

Experience” - Study Week Sep 28 - [EASERNISNIAE  =sSWK_JGu23E You

Oct 4, 1964 of the Pontificia
Academia Scientiarum e
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Split-brain Consciousness
A Tale of Two Minds

Why do we need two dinstinct “I’’s instead of just
one?

40



Split-brain Consciousness
A Tale of Two Minds

By cutting the corpus callosum are we turning one
person into two people?

41



A Tale of Multiple Minds

A body can even multiple brains...

Abby and Brittany Hensel (2012)

42



The other Sperry (1965)

“I have never been entirely satisfied with the
materialistic or behavioristic thesis that a complete
explanation of brain function is possible in purely
objective terms with no reference whatever to
subjective experience” (1959)

Where does behavior come from?
What Is the purpose of consciousness?

43



The other Sperry (1965)

“Prior to the advent of brain, there was no color
and no sound in the universe, nor was there any
flavor or aroma and probably rather little sense
and no feeling or emotion”

44



SCIENCE & MORAL
PRIGEITY
Mempeng Slind, Rrain
armed Humnam Values

The other Sperry (1965)

CONYERGENCE
k Syii Tovdided, Flansnd b Ldiied by
Bt Maede Laiked

Consciousness is not
— an epiphenomenon | _ PRAEGER
— Identical to neural activity e

"Conscious phenomena are not reducible to neural
events” (Sperry, 1977)

Consciousness is an emergent phenomenon of
neural activity (mentalist monism)

Consciousness determines brain processes

Gestalt psychology (the whole has a life of its own)
but also reductionism (the part can explain the
whole)

Mind can rule matter
45



The other Sperry

Consciousness includes moral values (conscience)
Moral values determine brain processes

Brain activity is a goal-directed value-guided
decision system

Bridging Science and Values
A Unifying View of Mind and Brain

R. W. SPERRY California Institute of Technology
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The other Sperry

- — - —— --l---ull.rn. l-l—ll—l'-lp'rll

A holistic world model and interpretation of reality
is also supported in which the gualitative pattern
properties of all entities are conceived to be just
as real and causally potent as are the properties of

their elements or their quantitative measurements
and abstractions,

47



The other Sperry

“Human values are inherently properties of brain

activities”’

Morality = an innate (genetic) system of values + a
system of (cognitive) values shaped by brain activity

Hierarchy of values that shapes society

SCIENCE aND THE PROGBLEM OF VALDTES

by B Sgemry

By evolarbmary tee slandseds, (e Boc ol e an cor planet bas
sucibznly, anel aparig |||,::||:|'|-I'_'!. o B Tl e A Crmimdly mew frr e
1 mevurity amnl gomirod, hased an the machiners of Uhe b B,
The dder. pummgnmive contralt ol namre that have regrlated cvenls
i car Bisphere for hindreds of millars of years the fovoes of
naturye thay Lifeed life Dsin ke ancoebosd we the loman leve]l aod
creanze mam, are po bnger in conaeend. Moedernn an bas owerssned
s now superimipases on oauce kis own cognitise brand of gl
shoanenatian. The susardsag feazure of ur tigees is 1l soon e
aif thiis wvarclical shift by binspheric coatrels away froom the vast meerwe
wen ity ot pluralszie, time-rened clhevks and balancess ol aature,
o the musch moese arbitears, monsaie, gnd cslaanely aniesd menal
arinvaneirE e el T realeres ol 11w Disers e Torais



The other Sperry

Human values are the main causes of human
action

“Every voluntary act and/or decision by an
Individual or a group inevitably is governed,
overtly or implicitly, by value priorities. In
essence, what a person or society values
determines what it does."

49



The other Sperry

“Scientific theology’: an ethics based on science

Science should not only deal with “what 1s” but
also with “what ought to be”

50



The other Sperry

“Cognitivism bridges the chasm
between what the writer C. P. Snow
has called the "two cultures" -- the
widening gap between the world view
of the scientist and the humanist. The
Caltech philosopher W. T. Jones has
called this the crisis of contemporary
culture. ” (1987)

C.P. SNOW

THE
TWO CULTURES AND
THE SCIENTIFIC
REVOLUTION

CAMIRIDGE
Al THE UNIVERSITY PRESS
1050
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The Century of the Brain

“All that is psychological is first physiological”
(Sperry)

52



The Century of the Brain

1964: Paul Maclean’s triune brain: three layers, each
layer corresponding to a different stage of evolution

1964: John Young proposes a "'selectionist” theory of
the brain (learning is the result of the elimination of
neural connections)

1964: Benjamin Libet discovers that the readiness
potential precedes conscious awareness by about half
a second

1968: Niels Jerne’s selectionist model of the brain
(mental life a continuous process of environmental
selection of concepts in our brain - the environment
selects our thoughts)

1970s: Gerald Edelman’s "Neural Darwinism*




The Century of the Brain

1985: Michael Gazzaniga’s “interpreter” (a module
In the left brain interprets the actions of the other
modules and provides explanations for our behavior)

1989: Christof Koch discovers that at, any given
moment, very large number of neurons oscillate in
synchrony and one pattern is amplified into a
dominant 40 Hz oscillation

1994: Vilayanur Ramachandran proves the plasticity
of the adult human brain

1996: Giacomo Rizzolatti discovers "mirror"
neurons that represent what others are doing

1996: Rodolfo Llinas: Neurons are always active
and produce a repertory of possible actions, and the
circumstances “select” which action 1s enacted




The Split Brain of
20th century Culture & Society

« Left brain dominant (analytical)

— Modernism: science, technology, economics,
structuralism, sociology, marxism,
psychoanalysis, computers

« Right brain dominant (creative)

— Antimodernism and Postmodernism:
phenomenology, existentialism, gestalt
psychology, dadaism, expressionism,
surrealism, pop art, noise, rock & roll,
bluis/soul/hip-hop



Break

The brain - that's my second most favourite organ!
Woody Allen
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Structure of the Brain

57



Structure of the Brain
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Structure of the Brain

 The neuron - traditional view

Dendrite

Nucleus
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Structure of the Brain

The neuron - 2010s view
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Structure of the Brain

 The synapse between dendrite and axon
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Structure of the Brain

The brain is a network of interacting neurons

Neurons communicate via chemicals
("neurotransmitters”)

A neuron emits an action potential, which a
synapse converts into a neurotransmitter and sends
to other neurons

This chemical messenger can cause each receiving
neuron to either excite (start firing an action
potential of its own) or inhibit (stop firing the action
potential): neurons are binary machines

62



Structure of the Brain

A human brain has about 100 billion neurons
and 60 trillion synapses




Structure of the Brain

When they fire, neurons release always the

same amount of neurotransmitter

Each neuron can synthesize and therefore|

release only one kind of neurotransmitter.
There are about 50 kinds of neurotransmitters

Each neurotransmitter has a particular effect

on receiving neurons and can therefore yield a
different "pathway" within the brain.

64



Structure of the Brain

Neurotransmitters: the brain chemicals that
communicate information throughout our brain
and body

Glutamate 1907

Acetylcholine 1921
Norepinephrine 1946
Dopamine 1950s

Gamma aminobutyric acid 1950
Serotonin 1948

Endorphin 1973

65



CHEMICAL STRUCTURES OF NEUROTRANSMITTERS
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Structure of the Brain

« Two cerebral hemispheres, linked by the corpus
callosum, and covered by the cerebral cortex

« The cortex is one of the main areas of sensory-motor
control

The Cerebral Cortex

Four lobes in each hemisphere’s

cortex:

the frontal lobe, that contains the
primary motor area; _
the temporal lobe, that includes the '
hippocampus and is related to memory;
the occipital lobe, concerned with
vision;

«and the parietal lobe, important for
spatial relationships and bodily
sensations.




Structure of the Brain

* Regions in the human brain that are
many times larger than the
corresponding areas in the chimp's brain:

— Wernicke's area in the left temporal
lobe (where a lesion impairs the
comprehension of language);

— the prefrontal cortex of the frontal lobe (/=
(where a lesion can totally alter the
personality);

— the right and left parietal lobes
(responsible for spatial mapping and
logical thinking).
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Structure of the Brain

« Rat brain: sensory to motor communication

 Human brain: we also have sensory to motor
communication but also many layers of
representation that the signal can travel to reach the

o » .

OOQO
QOOO

-

You
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Structure of the Brain

You...

70



Structure of the Brain

Cerebral Cortex

The Neocortex, organized in columns

(Ecole Polytechnique Federale (Ecole Polytechnique Fédérale de Lausanne)
de Lausanne) 71



Structure of the Brain

The neocortex processes sensory information and
channels it to the hippocampus, which then
communicates with the other organs of the limbic
system (hypothalamus, amygdala, etc)

Cortex

Corpus
Callosum

éi’:é%

Thnlumus-_._______________________-

Cerebellum
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Structure of the Brain

Under the corpus callosum is one of the main areas
of control of behavior, containing the thalamus,

hypothalamus and amygdala

— The thalamus is a mini-mirror of the cortex
— The amygdala is in charge of emotions

— The hypothalamus controls body temperature and circadian

clock
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Structure of the Brain

* Behind the hemispheres is the cerebellum, one of the
main areas of integration of stimuli and coordination
of action

* The cerebellum is a mini-brain: covered by cortex
and consists of two hemispheres separated by the

vermis ROLE OF THE CEREBELLUM Motor Cortex
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Structure of the Brain

« At the base of each hemisphere is the hippocampus,
one of the main areas of recalling long-term memory
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Structure of the Brain

« A Dbrain hemisphere Is two concentric spheres: the

Inner one Is the limbic system, comprising amygdala,

thalamus, hypothalamus and hippocampus; the outer
one is the neocortex.

The brainstem Is brain's connection with the
"autonomic" nervous system
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Frontal lobe Basal Ganglia
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Cingulate obe
Gyrus
Deep
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Structure of the Brain

« Paul MacLean (1960s):

— “Triune” brain: each brain corresponds to a
different stage of evolution

5 Lonion

hitp://psychology.unn.ac.uk/andrew/PY013/BBBbrainSF.htm  10/20/2004
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Structure of the Brain

Paul MacLean

— Each brain i1s connected to the other two,
but each operates individually with a
distinct "personality”

— Reptilian: brain stem and cerebellum:
Instinctive behavior (respiration, heartbeat
and sleep)

— Mammalian: reptilian + limbic system
(hippocampus, thalamus and amygdala):

— emotional instincts to minimize "pain" and
maximize "pleasure" (food, sex and
competition)

— Neo-mammalian: mammalian + neocortex:
higher cognitive functions (language,
reasoning)

78



Structure of the Brain

« Paul MacLean

— Mechanical behavior, emotional behavior
and rational behavior arose chronologically
and now coexist and complement each
other.

— Jung’s conscious, unconscious, collective
unconscious

... mechanical ................

Sunset Boulevard (1950) Charley Varrick (1973) 79



The Nervous System

* The nervous system is made of
two main subdivisions:

— the central nervous system

* the brain and the spinal
cord

— the peripheral nervous system

* In particular the autonomic
nervous system that
controls the heartbeat,
breathing and other bodily
functions

Central
nervous
system

" Brain
__—Spinal cord
Peripheral

nervous
system

' W > Peripheral
N nerve
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Biorhythms

« This complex apparatus relies on a
number of internal clocks:

— Heart beat: approximately one per
second

— Breathing: approximately once every 4
seconds

— REM sleep: 4 or 5 times per night, at
90 minute intervals

— Sleep/wake (circadian): every 24 hours
— Menstruations: every 28 days

— The thalamus rhythm: 40 times a
second

« All these "biorhythms" are registered in
the brain, although they cannot be
consciously perceived




Biorhythms

« The suprachiasmatic nucleus (at the base of the
hypothalamus), a cluster of about 10,000 neurons,
keeps the central clock of the brain, the “circadian”
clock, that dictates the day-night cycle of activity

« A circadian clock is present in every cell of the body:
an isolated cell in the laboratory still follows a 24-hour
cycle

Central clock
12
k 9 \/ 3
K Humaoral or

neuronal

Direct agnals

light
signals

N Y\/ V\

ramnsg c-m:
Rhythms driven by central Medulia
perioheral clocks clocks 82




Biorhythms

« The cells of the suprachiasmatic nucleus perform
chemical reactions that take about 24 hours to complete

The suprachiasmatic nucleus triggers melatonin secretion after
sunset, which induces sleep and lowers the temperature of the
body.

Blood pressure starts to rise with sunrise.
Then melatonin secretion stops and we wake up.

We become more and more alert, as both blood pressure and
body temperature increase.

At sunset the cycle resumes.

Circadian

Rhythms
in Humans

http://www.endthistrend.com 83



Biorhythms

« Part of the complexity of the brain is due to the need to
"transduce" each of these rhythms into the other ones

« Circadian rhythms are so common among species (even
plants) that they may be one of the oldest attributes of life

« The behavior of living organisms changes as the day
progresses, because their clocks tell them so

AMMALS
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Biorhythms

« The endocrine system includes all of the
glands that regulate the functions of organs
through the secretion of hormones, thereby
maintaining the body’s homeostasis

— The hypothalamus secretes several
hormones

— The pineal gland (behind the thalamus)
produces the hormone melatonin

— Glands throughout the body, from the
thyroid gland to the ovaries, produce
dozens of hormones

— The pituitary gland, located in the
hypothalamus, connects the nervous
system and the endocrine system
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Biorhythms

Hormones spread via the bloodstream to the
entire body

Nervous system: fast and targeted signaling

Endocrine system: slow and Wldespread
signaling
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Biorhythms

It IS not consciousness that tells us what to do,
It IS our Inner clock that tells us what to think

syontix.com
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Brain Waves

« Brain Waves: The Building Blocks of
Consciousness?

Brain Waves Frequency Mental Condition
0.5-3Hz

Delta wave \/\/\/\/\/\/"/\-\/\/\/J\"A"\,\A deep sleep
4-7Hz

Theta wave W’\NMWVN\’\V\"N light sleep
8 -13 Hz

Alpha wave WWMMW«WA awake, relaxed

14 Hz

Beta wave W\MAWM/M awake, excited

Fig. 1. Classification of brain waves and mental conditions. Note that, like gears
on a car, states increase from low (Delta) to high (Beta) energy states. Stimulants,
such as caffeine, suppress Theta and Alpha waves, and promote Beta waves,
leading to increased stress, anxiety and depressed immune function.

www.bigelowtea.com



Brain Waves

« Brain Waves: The Building Blocks of Consciousness?

Beta Waves: 13-30 Hz. Concentration, studying, stress. Your brain
IS producing beta waves as you are reading this.

Alpha Waves: 8-13 Hz. Relaxation, meditation. “Hypnogogic” state
(spontaneous mental imagery)

Theta: 4-8 Hz. Deep states of meditation, religious ecstasy, REM
sleep. Young children are in theta most of the time.

Delta: up to 4 Hz. Deep sleep. Babies are in delta most of the time.
Gamma: 25-100 Hz but mostly 40 Hz. What are they for?

Mu 8-13 Hz (same as alpha, but in the motor cortex). Mirror
neurons? Understand others’ behavior wswhmsimigiussun, 1 S0

{ BETA:
MAWWWW Alert, Working
. Relaxed, Reflective

THETA:
Drowsy, Meditative[

| DELTA:
Sleepy, Dreaming 89




Brain Waves

All networks in the brain oscillate (wildly different
frequencies, from less than 1 Hz to more than 100 Hz).

Synchronization has been observed within cortical areas
and across cortical areas

Tine-based binding?
Reduced phase synchrony in schizophrenic brains

Imprecise synchronization could be the cause of neural
diseases
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Brain studies in the 2010s

« Example: the real face of a synapse
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Pathways

« Perception

— A sensory input undergoes a long series of
transformations before leading to a "sensation”

— Its features are extracted as it is channeled through
the brain

— The sensory information travels through different
regions
— Each region extracts different features

— Components of the input follow completely different
paths within the brain
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Pathways

* Perception as spatio-temporal activity patterns in the
brain
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Pathways

« Memory

— Memories are stored in neural activity patterns
which are distributed throughout the brain

— The brain remembers by linking new memories to
old memories

— Retrieving a specific memory does not entall
finding its location, but turning on its pattern of
neural activity
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Pathways

* The brain has to:
— understand what matters
— understand what does not matter
— remember what will still matter
— forget what will never matter again

e The brain understands what matters by
reducing stimuli to categories
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The Dynamic Brain

* Roger Sperry:
— Experience iIs not enough to shape the
brain

— The brain is pre-wired by the genetic
program to deal with some categories and
to coordinate some movements

 John Young (1964): Experience shapes the
brain in a Darwinian manner

— Explosion of synapses during growth
— Rapid pruning away of least used synapses

— The brain is built through the interplay of
genes and experience
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The Dynamic Brain

* Niels Jerne (1968)
— Immune system as a Darwinian system

 The immune system routinely manufactures
all the antibodies it will ever need

* When the body is attacked by foreign
antigens some antibodies are selected

— A concept chosen by the environment among a
pre-existing array of concepts

— Mind manufactures chaotic mental events that
the environment orders into thought

— Socrates: all learning consists in being
reminded of what we already know
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The Dynamic Brain

* Niels Jerne (1968)

— The genes encode a "library”. The \2 ¥
environment picks up a specific book vt

— The mind already knows the solution to all the
problems that can occur in the environment in
which it evolved over millions of years

— The mind knows what to do, but it is the
environment that selects what it actually does
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The Dynamic Brain

« Gerald Edelman (1978)

— The human genome alone
cannot specify the whole
complex structure of the brain

— Individual brains are wildly
diverse

— "Neural Darwinism”: application
of Jerne’s "selectional" theory of
the Immune system to the brain
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The Dynamic Brain

« Gerald Edelman (1978)

— The brain develops categories by selectively
strengthening or weakening connections
between neural groups

— Neural groups "compete" to respond to
environmental stimuli

— Each brain is different because its ultimate
configuration depends on the stimuli that it
encounters during its development
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The Dynamic Brain

« Gerald Edelman (1978)

— Adhesion molecules determine the initial
structure of neural groups, the "primary
repertory”

— EXxperience determines the secondary
repertory

— Repertories are organized in "maps", each
map having a specific neural function

— A map is a set of neurons in the brain that has
a number of links to a set of receptor cells or to
other maps
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The Dynamic Brain

« Gerald Edelman (1978)

— Maps communicate through parallel
bidirectional pathways, i.e. through "reentrant"
signaling

— Reentry is more than feedback: there can be

many parallel pathways operating
simultaneously

— The process of reentrant signaling allows a
perceptual categorization of the world
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The Dynamic Brain

« Gerald Edelman (1978)

— Categorization is a process of establishing a
relation between neural maps

— Categories (perceptual categories, such as
"red" or "tall") do not exist phisically, they are
not located anywhere in the brain: they are a
(on-going) process.

— A further level of organization leads to (pre-
linguistic) conceptualization

— Conceptualization consists in constructing
maps of the brain's own activity, or maps of
maps
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The Dynamic Brain

« Gerald Edelman (1978)
— A concept is not a thing, it Is a process

— The meaning of something is an on-going,
ever-changing process
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The Dynamic Brain

« Gerald Edelman (1978)
— Brain processes are dynamic and stochastic

— The brain is not an "instructional" system but
a "selectional" system

— The brain is not a direct product of the
Information contained in the genome, it uses
much more information that is available in the
genome, i.e. information derived from
experience, I.e. from the environment
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The Dynamic Brain

« Jean-Pierre Changeux (1985)
— "Epigenesis by selective stabilization of synapses”
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The Dynamic Brain

« Ben Goertzel

— Darwinism + self-organization of complex
systems

— An organism that, coupled with the other
organisms in its environment, generates a
large amount of emergent pattern iIs more
likely to survive

— Edelman’s neural maps are organized
hierarchically to generate emergent pattern

— Neural maps behave like a population
reproducing sexually and evolving by natural
selection

— Neural maps behave just like ecosystems

— Gould's punctuated equilibrium applies as
well to cognitive development
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The Dynamic Brain

« Michael Gazzaniga (1985)

— A selection process also governs higher
mental functions such as language and
reasoning

— Emphasis on innate knowledge (eg,
Chomsky’s grammar)

— Learning is discovering already built-in
capabilities

— Children already "know" what they are
learning

— What children “learn” is what gets selected
through interaction with the environment
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The Dynamic Brain

« Antonio Damasio
« Convergence Zones (1989)
— Locations where the brain binds features together

— A convergence zone is not a "store" of information
but an agent capable of decoding a signal (of
reconstructing information)

— Convergence zones behave like indexes that
draw information from other areas of the brain.

— A convergence zone is the instructions to
recognize and combine features (bring back the
memory of something)

— Convergence zones enable the brain to work in
reverse at any time
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The Dynamic Brain =~ &

| =
A4
- Rodolfo Llinas (1996) ‘\*:7*
— Neurons are active all the time

— The activity of neurons generates patterns of
behavior all the time

— Neurons are always active, even when there
are no inputs

— Neurons operate at their own pace,
regardless of the pace of information

— A rhythmic system controls their activity
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The Dynamic Brain ' 4

| =
A
* Rodolfo Llinas (1996) \

— The neurons are telling the body to move
even when the body is not moving

— The environment selects which movement
the body will actually perform

— Movement Is not reactive: it Is active and
automatic

— An organism has only limited control of its
brain
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The Birth of Cognition

« Jason Brown (1988)

— "Microgenesis": mental process recapitulates
evolutionary process

— The structure of perceptions, concepts and
actions (and mental states in general) is not
based on representations but on processing
stages that last over a microtime, propagate
"bottom-up", and are not conscious.

— Microgenesis vs ortogenesis vs phylogenesis
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The Birth of Cognition

 Ronald Fox (1988)

— The interaction between organism and
environment as well as the interaction
among organisms are nonlinear in nature

— The nervous system is not only capable of
predicting the outcome of linear situations,
but also of predicting the much more
Important outcome of nonlinear situations

— The reason is that the nervous system
allows the organism to rapidly simulate the
outcome of nonlinear events
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Philip Lieberman (1992)

— The human brain has accumulated functions
and structures over the ages

— Today's brain "summarizes" its evolutionary
history

— The brain consists of a set of specialized
circuits that evolved independently at different
times

— Older creatures tend to have no central nervous
system, but rather a loose affiliation of nerve
fibers

— More and more centralized system that
performs more and more sophisticated
processing of the signals

The Birth of Cognition W

7
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The Birth of Cognition

« Walter Freeman (1995)

— Neural activity due to sensory stimuli
disappears Iin the cortex and an unrelated
pattern appears: the brain creates its own
version of what happens in the world

— Each brain creates its own world, which is
Internally consistent and complete.

— Perception is the creation of meaning, a very
"subjective" process

— Awareness follows the self by about half a
second: awareness Is the perception of the
brain's working, and not the other way
around
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The Birth of Cognition

* Francisco Mora & Carl Gisolfi (2000)
— Brains regulate our temperature

— The "protocells" were units of energy conversion,
converting heat into motion, like a heat engine

— During the transition from water to land (from
stable temperature to wildly variable temperature)
the nervous system learned to control body
temperature

— Nocturnal animals needed to overcome the loss
of environmental heat and produce heat
Internally: the autonomic control of temperature
was born

— Evolution from cold-blooded animals to warm-
blooded animals
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The Birth of Cognition

Francisco Mora & Carl Gisolfi (2000)

— Cold-blooded animals are dependent on
environmental heat

— Warm-blooded animals overcame this limitation
thanks to self-regulation

— Warm-blooded animals emancipated
themselves from their habitat: they became
capable of changing habitat

— The brain is a system of thermostats
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The Birth of Cognition

F

{

* Robert Cairns: evolution is to biology what
development is to psychology, I.e. the process
behind the structure
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The Birth of Cognition

« Esther Thelen and Linda Smith (1994)
— Edelman's neural darwinism

— Bertalanffy's and laszlo's general systems
theory

— Haken's synergetics
— Waddington's organismic metaphor
— Prigogine's nonlinear dynamic systems
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The Birth of Cognition

 Esther Thelen and Linda Smith

— The ever-active self-organizing processes of
living systems are analogous to selection
algorithms

— Development is the outcome of the interplay
between action and perception within a system
that, by its thermodynamic nature, seeks
stability

— Performance and cognition emerge from this
process of interaction between a system and its
environment

— Cognition is an emergent structure, situated and
embodied, just like any other skill of the
organism
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The Birth of Cognition

 Esther Thelen and Linda Smith

— Brain development is not driven by a grand
design: it is driven by opportunistic, syncretic
and exploratory processes

— Body development is modular and

heterochronic (different organs develop at
different rates and different times)

— Global regularities (and simplicity) somehow
arise from local variabilities (and complexities)
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The Birth of Cognition

 Esther Thelen and Linda Smith

— Knowledge for thought and action (categories)
emerges from the dynamics of pattern formation
In neural group selection

— Perception, action and cognition are rooted In
the same pattern formation processes.

— Categories arise (self-organize) spontaneously
and reflect the experiences of acting and
perceiving, I.E. Of interacting with the world.
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The Birth of Cognition

 Esther Thelen and Linda Smith

— Movement is a perceptual category. Being in the
world "selects" categories

— Cognitive development is the dymanic selection
of categories

— Categories are but a specific case of pattern
formation

— Cognitive development is a direct consequence
of properties of nonlinear dynamic systems, of
self-organizing complex systems.

— These features are shared by all organisms:
every living system is a cognitive system
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The Birth of Cognition

« Giacomo Rizzolatti: "Mirror neurons” (1996)

— The brain of primates uses "mirror" neurons to
represent what others are doing

— My brain contains a representation of what
someone else is doing, and that representation
helps me "understand" what the other person is
doing

— We effortlessly understand the intention and
emotion of others because their intentions and
emotions are physically reproduced inside our
own brain

— These mirror neurons fire both when the action is
performed and when the action is observed in
other individuals
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The Birth of Cognition

* Vilayanur Ramachandran (1998)

— The brain constructs cognitive maps that are
plausible interpretations of the world

— It is those maps that cause all mental life, starting
from perception itself

— For example, the limb is no longer there, but its
representation in the brain is still there, and thus
the person feels it as if it were still there

— All mental life could be "phantom", because that
IS a general behavior of the brain

— All sensory experience is an illusion
— All feelings are illusions
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The Birth of Cognition

Rhawn Joseph (1993)

— The human brain still contains parts that were
used by animals that lived hundreds of million
of years ago

— All animals are “linked” by the “collectively
shared unconscious”

— The first major grouping of neurons occurred
among olfactory cells

— The olfactory lobe also evolved into the limbic
lobe, that still controls many of the “instinctive”
activities

— The fundamental structure of the modern
human brain evolved from the olfactory lobe.
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The Birth of Cognition

 Rhawn Joseph (1993)

— The nose contains the most exposed neurons
of the human body.

— The mucosa of the nose is directly connected to
the hippocampus and the amygdala

— Living beings developed the ability to analyze
chemicals (odors) in order to understand
changes in the environment and to sense other
beings
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The Birth of Cognition

* Lucia Jacobs (2012)
— Olfaction is the only universal sense

— All brains existing today are inherited from a
common ancestor

— Single-celled organisms moved (underwater) in
response to chemicals.

— Olfaction was the original sense for remote
sensing

— Olfaction helps to map where an animal is In
space

— Early brains learned to create maps based on
turbulent gradients

— The olfactory sense is a mapping system.
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The Birth of Cognition

* Lucia Jacobs (2012)

— Once the brain had acquired that technology,
vision was relatively easy to evolve.

— Vision did evolve late in evolutionary history

— There are no fossil eyes before the Cambrian
explosion.

— The Cambrian explosion was due to the evolution
of the ability to map and navigate

— The olfactory system and the hippocampus are
the only regions in which new neurons are
continuously created

— Together these two regions of the brain constitute
an integrated olfactory-navigational system.
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Brain vs Body: Ethical issues

« Whatis “death”?

— The traditional definition of death: no heartbeat,
no breathing (body-based definition of death)

— Increasingly, we use the “brain dead”
expression: your body may be alive, but YOU
are dead (brain-based definition of death)

— John Goldering's rule of thumb (1985):
"Whenever a functioning human brain is
present, a human being is alive®. The fetus
develops a brain by 20 weeks gestation.

— And viceversa? If the cessation of brain activity
can define death, shouldn't the onset of brain
activity define the beginning of life?
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Brain vs Body: Ethical issues

 Whatis a “person™?

— A 12-week fetus has a higher degree of brain
activity than an injured person in a vegetative
stage, but the law grants the latter the full rights
of a human being whereas it grants pretty much
no rights to the former

— If a person's mental life declines to the point that
his brain activity is similar to the brain activity of a
dog or a rat, should that person still have the full
"human rights" or only the rights granted to dog
and rats?

— Michael Gazzaniga (in the "The Ethical Brain",
2005): the human fetus at 13 weeks' gestation
has brainwave activity comparable to that of a
sea slug.
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A Brief History of Bionic Beings

1957: The first electrical implant in an ear (André Djourno and
Charles Eyries)

1961: William House invents the "cochlear implant”, an l)'d
electronic implant that sends signals from the ear directly to s o
the auditory nerve (as opposed to hearing aids that simply e

amplify the sound in the ear) g

1952: Jose Delgado publishes the first paper on implanting
electrodes into human brains: "Permanent Implantation of
Multi-lead Electrodes in the Brain"

1965 : Jose Delgado controls a bull via a remote device, injecting
fear at will into the beast's brain

1969: Jose Delgado’s book "Physical Control of the Mind -
Toward a Psychocivilized Society™

1969: Jose Delgado implants devices in the brain of a monkey
and then sends signals in response to the brain's activity,
thus creating the first bidirectional brain-machine-brain

interface.
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A Brief History of Bionics




A Brief History of Bionics
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1997: Remotely controlled cockroaches at
Univ of Tokyo

1998: Philip Kennedy develops a brain
Implant that can capture the "will" of
a paralyzed man to move an arm
(output neuroprosthetics: getting data
out of the brain into a machine)
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A Brief History of Bionics

2000: William Dobelle develops an
Implanted vision system that allows
blind people to see outlines of the
scene. His patients Jens Naumann and
Cheri Robertson become "bionic" |
celebrities.

2002: John Chapin debuts the "roborats",
rats whose brains are fed electrical
signals via a remote computer to
guide their movements
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A Brief History of Bionics

2002: Miguel Nicolelis makes a
monkey's brain control a robot's
arm via an implanted microchip

2005: Cathy Hutchinson, a paralyzed o
woman, receives a brain implant -~
from John Donoghue's team that
allows her to operate a robotic arm
(output neuroprosthetics)

2004: Theodore Berger demonstrates
a hippocampal prosthesis that can
provide the long-term-memory OO SR
function lost by a damaged on SELF-DIRECTED
hippgcampus HUMAN EVOL |

M‘ / /
Dr. ‘leodore Berger




A Brief History of Bionics
The age of two-way neural transmission. ..

2006: The Defense Advanced Research
Projects Agency (Darpa) asks scientists to
submit "innovative proposals to develop
technology to create insect-cyborgs

2013: Miguel Nicolelis makes two rats
communicate by capturing the "thoughts"
of one rat's brain and sending them to the
other rat's brain over the Internet

Encoder Decoder
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A Brief History of BIOnICS

The age of two-way neural
transmission..

2013: Rajesh Rao and Andrea Stocco 8
devise a way to send a brain signal #
from Rao's brain to Stocco's hand
over the Internet, 1.e. Rao makes
Stocco's hand move, the first time
that a human controls the body part
of another human

2014: An amputee, Dennis Aabo,
receives an artificial hand from
Silvestro Micera's team capable of
sending electrical signals to the
nervous system so as to create the
touch sensation




A Brief History of Bionics

Neuro-engineering?

Multi-Site
Electrode Array

http://its-interesting.com
(http ’ ) (http://targetedindividualscanada.com) 143



Work in Progress

Brains that study brains

The Man With Two Brains (1983)
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Work In Progress

« Reinforcement learning is not enough to
explain how birds learn to sing
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Work In Progress

The origin of asymmetry

— Human brains are asymmetric
despite the fact that there is no
physical difference between the
two hemispheres

—  The human body Is symmetric
outside but asymmetric inside

—  Engineers abhor asymmetry
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Work In Progress

Sex and the brain

The right and left hemispheres of the brain are more
asymmetrically organized for speech and spatial
functions in men than in women

Speech disorders (aphasias) are caused by
different kinds of damage in male and female brains

The emotion control center of the brain, the
amygdala, behaves completely differently (e.g.,
higher levels of activation in males viewing sexual
visual stimuli than females viewing the same
Images)

Female and male brains process colors in different
ways

Significant differences in the inferior parietal lobule
(IPL) of the neocortex (visual, auditory and

somatosensory processing) .



Male and Female Brain

Simulation by Ragini Verma
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Male and Female Brain

Male brains have stronger local connections but
weaker long-range ones

Female brains have weaker local connection but
stronger long-range ones

Male brains are more similar to the brain of autistic
people

Boys are more likely to be affected by autism,
attention-deficit disorders, and congenital low 1Q

SCIENCE

Sex, drugs and
clinical trials

WENDY
ZUKERMAN 149



Individual brains, global brain

As far as we can tell, our brains are essentially like those
of the first Homo Sapiens Sapiens of 200,000 years ago

Whatever change happened and is happening to the
human race is not due to changes to the brain
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Intelligence and Brain Size

The biggest brain (about 10 kg) belongs to
the sperm whale

The record for brain size compared with
body mass belongs to the squirrel monkey
(5% of the body weight, versus 2% for
humans)

The sparrow is a close second to the squirre
monkey y P
Species that live in large social groups haves=s===== '
the largest brains (e.g., the squirrel monkey)
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The End (for now)

The longest living beings on this planet have no brain: trees
and bacteria
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Summary

Behaviorism vs Gestalt

Connectionism: a chaotic system of trial and error
Two hemispheres

Neurons, connections and neurotransmitters

Three brains into one: neocortex + mammalian brain (limbic system)
+ reptilian brain (brainstem)

The limbic system: amygdala, hypothalamus, hippocampus,
thalamus

The nervous system, the endocrine system, brain waves, clocks

Neural Darwinism: a Darwinian system driven by concepts of
competition and self-organization (Edelman, Changeux)

The unconscious (Gazzaniga, Llinas, Freeman, Ramachandran)
Mirror neurons
Bionics
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Summary

« \Worst-case scenario...
— | have no control on the way my “I" changes

— Experience, not my free will, selects neural
connections

— | have no more control on the evolution of my brain
than 1 have on the evolution of my species

— We learned to admit our fundamental inability to affect
the evolution of our species

— We also have to face the fact that we are as
powerless to affect the evolution of our brain

— We are in the hands of far more powerful forces that
mold our brains

— QOur brain is not “ours”

(14
I
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The Brain

"The Brain is wider than the Sky /
For put them side by side /
The one the other will contain™
(Emily Dickinson)
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