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The importance of CNS

* CNS = Science — how the brain “gives rise” to
human mind

* How brain enables one to think, plan, remember,
understand, see, hear, move

 The mind-body problem (“mind-brain
interrelationships”)

 Neuroimaging (fMRI, PET, DTI, etc.)
* Cognition = All mental functions

 Role of CNS: Al, robots, man-machines interface,
medical research



Brief history of CNS

* Phrenology = Localization of mental functions
* Gall and Spurzheim (1809): Founders of
phrenology in the early 19t Century

............
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Franz Joseph Gall & J.G. Spurzheim: Brain organized
into 35 specific functions

e Functions ranged from language and color
perception to hope and self-esteem

e Gall: Skull of a person - Describing the personality
of the person = Anatomical Personology



Later 19" Century:

- Camillo Golgi (Italian) - “Neuron doctrine” =
Neuron elementary building block of cognition
(developed a stain that impregnated individual
neurons)

- Raymon y Cajal (both Nobel 1909): Neurons are
discrete entities + Transmit electrical information
in one directions from dendrites to axon



Localized vs. holistic functions

* Pierre Flourens (1824) on animals: the effects of
localized brain lesions on behavior of rabbits and
pigeons

* No strict relationships between parts of cortex and

specific mental functions (phrenology) - distributed
framework: holism

e Karl Lashley (1931)- Lesions studies in animals: strict
localizations: localization

* Both correct (??)



Broca and Wernicke (19t Century)
Broca (1861):

e Patient (brain damage) - lost ability to speak, could
understand spoken lang. to him - “Speech
production ability “

* Autopsy: “Left inferior frontal lobe” lesioned =
“Broca’s area”

Wernicke (1874):
e Patient lost to understand language

* Autopsy : “Posterior parts of temporal lobe” =
“Wernicke’s area”



Figure 26.1 Diagram of the major
brain areas involved in the comiprebhen-
=ion and production of language. The
pPRmary semsory, awditory, viswal, and
martor corbices are indicated to show the
relation of Broca'™s and Wermicke's lan-
Tuage areas to these other areas that are
niecessarily involved in the comiprehen-
sion and production of speech, albest m
a less specialized way.



The most famous physiologists Brodmann:
cellular organization of the cortex — 50 areas



 Term “Cognitive Neuroscience” - coined in a taxi
(Gazzaniga with Millner) in the 70s

e How the cerebral cortex was organized and
functioned in response to simple stimuli

e Specific mechanisms described, ex: visual
perception (Hubel & Wiesel)

e Models - how single cells interact to produce
percepts

e Psychologists - abandon ideas of learning and

associationism; behaviors - had biological origin and
Instantiation



The methods of Cognitive Neuroscience

. Neuroanatomy

. Neurophysiology

. Neurology

. Functional Neurosurgery
. Cognitive Psychology

. Computer Modelling
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. Converging Methods



1. Neuroanatomy

e Studies the nervous system’s structure

e Describes how the parts are connected

e Descriptions can be made at many levels

e |nvestigations occur at 2 levels:

— Gross neuroanatomy: general structures and
connections

— Fine neuroanatomy: describe components of
individual neurons

e Histology = Study of tissue structure through
dissection



2. Neurophysiology
e Structure is closely tied to function

e \We cannot understand brain function from
neuroanatomy alone

e Neural function depends on electrochemical
processes

e Record cell activity in passive or active conditions by
electrical stimulation or chemical induction

a. Electrical Stimulation
b. Single Cell Recording
c. Lesions



A. Electrical Stimulation

e Early insights to cortical organization were made by
directly stimulating the cortex of awake humans
undergoing neurosurgery

e Pioneers, Penfield & Jaspers (1954) explored the
effect of small electrical currents applied to the
cortical surface



B. Single-Cell Recording

e Most important in neurophysiology: record directly
activity of single neurons in laboratory animals

e An thin electrode is inserted into an animal’s brain
(brain does not hurt!)

e The primary goal of single cell recording
experiments is to determine experimental
manipulations that produce a consistent change in
the response rate of a single neuron
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C. Lesions

e Neurophysiologists have studied how behavior is
altered by selectively removing one or more of
brain components.

e Logic: if a brain structure contributes to a task

then removing that structure should impair
performance in that task.

e Human cannot be subjected to such procedures, so

human neuropsychology requires patients with
naturally occuring lesions.



scan of a normal and lesioned brain

MRI




Phineas Gage Case

* Most famous patient who survived severe brain
damage

e He was a railway construction worker who got
injured by an accidental explosion

e Severe personality change after the accident




3. Neurology

e Human pathology: relation between brain and behavior

e Postmortem studies by Broca and Wernicke were

instrumental in linking left hemisphere with language
functions

e By selecting patients with a single neurological
impairment, we can best link brain structures to
specific cognitive functions.

e Sometimes patients have diffused damage and then
conclusions are harder to draw

e Causes of Neurological Disorders: vascular disorders
(i.e. strokes); tumours; degenerative and infectious
diseases (MS, Huntington’s Disease); trauma

e Functional Neurosurgery (lobectomy)



4. Cognitive Psychology

e Cognitive Psychology - perceptions, thoughts,
actions depend on internal transformations/
computations

e Mental Representation and processes

e Information processing depends on internal
representation

e Mental representations undergo transformations



5. Computer Modelling

e Models are explicit: the way computer represents
process - completely specified

e Representation in Computer Models

— Models differ greatly in their representations (i.e.
symbolic of object recognition = units that represent
visual features)

e Models lead to Testable Predictions
e Limitations with computer models
— Radically simplified and limited in their scope

— Some of their requirements come in contrast with what
we know about living organisms

— Restricted to narrow problems
— Modelling often occurs in isolation to current theories



7. Converging Methods

e Cognitive Deficits Following Brain Damage
e Single and Double Dissociations

e Groups versus individuals

e |[maging the Healthy Brain

Double dissociation

e Two groups differ, in different ways, on two different
behavioral tasks

e Usually, the two groups each have different types of
brain lesions

e Ex: One patient with Broca's area damaged (producing
speech) and another patient with Wernicke's area
damaged (comprehending speech) --- Broca's area is
responsible for speech production while Wernicke's
area is responsible for speech comprehension



Behavioral test of cognition
* Neuropsychological tests and intelligence tests

* Development of behavioral paradigms to asses
perceptual and cognitive functions (“psychophysics)

Non-invasive functional neuroimaging
* Electroencephalography (EEG) (early 20t Century)
* PET, fMRI, etc.

Mind-reading using neuroimaging methods
* Nishimoto et al. (2011)



Mind-reading using neuroimaging methods
* Nishimoto et al. (2011)

e Volunteers watch movie clips; using fMRI we
register their brain activities (machine learning
algorithms) - Vocabulary (distributed patterns of
brain activity associated with specific mental states

* A new clip. It is reconstructed from vocabulary

 Networks of brain areas (include networks of
neurons) - Cognition
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Figure 1-4. Reconstruction of movie clips from measured brain activity. On top are shown three exemplary mowie clips presented to subjects,
and at the bottom, movie clips reconstructed based on measured brain activity {adapted from (Mishimobo et al, 2011)).



* Brain-computer interface: application of
neuroimaging; computational algorithms learn
specific patterns of brain activity that correspond to
particular mental states - To guide the computer
interface with mental commands! (paralyzed

people)

e Content of the course



