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Classic textbooks

PRINCIPLES e e
OF NEURAL
SCIENCE

Fifth.Edition

Fourth Edition

Michael S. Gazzaniga, Richard B. Ivry, and George R. Mangun

Kandel et al. Gazzaniga et al.

Principles of Neural Science. Cognitive Neuroscience: the biology of the mind.
5th ed. 4t ed.



Cognitive + Neuroscience

Cognition: the mental action or process of acquiring knowledge and
understanding through thought, experience, and the senses*

Neuroscience: the science of the structure and function of the nervous
system

How the brain enables the mind

* Oxford dictionary



Adapted from Kandel et al. Principles of Neural Science. 5™ ed.



Core cognitive processes

* Perception

* Action

* Attention

* Learning & Memory

* Language, Emotion, etc ...
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Two-streams model

Dorsal
stream

Adapted from Kandel et al. Principles of Neural Science. 5™ ed.
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Felleman & Van Essen (1991) Cereb Cortex
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Face processing area
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Context matters

1]
li

Heydt et al. (1984) Science
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Spinal Output signals

— Output signals
cord 7 (to muscles)

(to muscles)

BG = Basal ganglia

BS = Brain stem

C = Cerebellum

MC = Motor cortex

SC = spinal cord

SMA = Supplementary motor cortex
PM = Premotor cortex

Gazzaniga et al. Cognitive Neuroscience: the biology of the mind. 4t ed.
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. Cognitive Neuroscience: the biology of the mind. 4t ed.



CENTER FOR

Decoding of movement

Davies et al. (2012) J Neur Eng

Andrew Schwartz group




Attention

“the process by which organisms select a subset of available information
upon which to focus for enhanced processing (often in a signal-to-noise-
ratio sense) and integration” Laurence M. Ward



Feature-based attention

Adapted from Moore & Zirnsak (2015) Neuron



Modulation of population response

Spatial attention: Feature-based attention:
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8 Visual spatial attention enhances firing rate in V4

I I i Attended
VARRN
\ 1 200-400 ms ]
N/ /
Cued Py g
Fixation 4 location Y;,: s |
point A . z
nalyzed __ L
presentation &9, Unattended
i Attention
Orientation change (behavioral shift)
0
12 10° 100°
Orientation change
d Electrode e
w gol — Attended
) —— Unattended
Q
2]
2
@
o
o
(o2}
£
£

0 1 1 1 J
0 200 400
Time from stimulus onset (ms)

a, d: adapted from Kandel et al. Principles of Neural Science. 5% ed. b, c, e: Adapted from Cohen & Maunsell (2009) Nat Neurosci



CENTEI.R FOR
Brains

%8  Attention improves performance by reducing noise correlations
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Adapted from Cohen & Kohn (2011) Nat Neurosci Rev
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7  Selective visual attention modulates oscillatory neuronal synchronization
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i Long-term memory

. Perirhinal Parahippocampal
Henry Molaison cortex cone |
( H . M ) Entorhinal
cortex

Dentate

gyrus

CA3 1 y

ippocampus
cAt |

Subiculum

Lesion Hippocampus

Adapted from Kandel et al. Principles of Neural Science. 5™ ed.
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i, Types of long-term memory

Two forms of
long-term memory

/\

Implicit Explicit
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(skills and classical and habituation and (semantic) (episodic)
habits) operant conditioning sensitization

Emotional Skeletal
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Adapted from Kandel et al. Principles of Neural Science. 5™ ed.
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e, Short-term memory
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Adapted from Kandel et al. Principles of Neural Science. 5t ed.
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. Learning: habituation & sensitization

Machines
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Adapted from Kandel et al. Principles of Neural Science. 5t ed.



|, Synaptic plasticity

Short-term plasticity

Synaptic enhancement: increase of readily releasable vesicles
Synaptic depression: depletion of readily releasable vesicles

Long-term plasticity
Long-term potentiation (LTP): Long-term depression (LTD):
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Adapted from Kandel et al. Principles of Neural Science. 5 ed.
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Core cognitive processes

+ Attention
s Learnine&—Memory

* Language, Emotion, etc ...
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