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Cognitive Neuroscience:Emergence of Mind from Brain
 An Introduction to the Cognitive Neuroscience Series
 James L. McClellandStanford University

Page 2
                        

How Does the Brain Give Rise to Experience, Thought, and Behavior?
 • One perspective: – The modular view of
 mind
 • Our perspective: – Emergence from
 interactions of neurons within and across brain areas

Page 3
                        

Circuit Components of the Mind: Neurons
 • Neurons: cells that integrate and communicate information

Page 4
                        

Synapses: The connections between neurons
 • Neurons receive excitatory and inhibitory synapses from other neurons
 • Other neurons have modulatory influences

Page 5
                        

Integration of Synaptic Inputs and The Propagation of Information via Action
 Potentials• Excitatory and inhibitory
 influences add together within the dendrites and combine to determine the net depolarization of the neuron.
 • If net depolarization is strong enough the neuron emits an action potential.
 • Action potentials produce transmitter release at synapses, influencing target neurons

Page 6
                        

Scale of NeuralComputation
 • There are 10-100 billion neurons in the brain
 • Each with up to 10,000 synapses
 • That’s ~1013 computing elements, each capable or propagating signals at 10-100 times per second
 S. Ramon y Cajal

Page 7
                        

Grey Matter, White Matter and Overall Connectivity
 • Neuronal cell bodies are in the Neocortex
 • White matter contains fibers connecting different cortical areas.
 • Columnar organization within cortex
 • Short- and long-range connections
 • Bi-directional connectivity between areas

Page 8
                        

Representation of Perceptual Information in Neurons
 • Neurons as ‘perceptual predicates’– ‘There’s an edge of
 orientation q at position [x,y]’
 • Higher firing rate = stronger supportor better fit
 • Controversial, butperhaps useful?
 Hubel & Wiesel

Page 9
                        

Processing of Information in Neural Populations
 • Excitation and convergence
 • Inhibition and competition
 David E.Rumelhart

Page 10
                        

Processing of Information in Neural Populations
 • Excitation and convergence
 • Inhibition and competition
 • Recurrence, attractor-states, and interactive activation

Page 11
                        

Interactivity in the Brain• Position-specific illusory
 contour response in V1 neurons occurs after a delay
 • Inactivation of ‘higher’ cortical areas reduces sharpness of neural responses in lower areas including thalamus
 • xxxx

Page 12
                        

Characterizations of Neural Representations in Visual Cortex
 • Edge detectors• Gabor filters• Sparse, efficient codes

Page 13
                        

Maps in VisualCortex
 • Visual space is laid outtopographically in visualcortex (left space in righthemisphere, right space inleft).
 • Note expansion of centralvision.
 • At each location, neuronssensitive to different eyesand orientations can befound, interleaved withneurons sensitive to different colors (blobs).

Page 14
                        

Topographic Representation of the Body in Somatosensory Cortex

Page 15
                        

Representation in higher order cortical areas
 • Local vs. Distributed Representation
 – A matter of perspective?– A matter of degree?– Must individual neurons represent entities we can
 name with words?

Page 16
                        

Representation in Inferotemporal Cortex
 • Neurons that respondto specific objectsrespond as much ormore to similar schematic patterns
 Neighboring neuronsin IT have similar response properties

Page 17
                        

Similarity Structure of Activity Patterns in Monkey Inferotemporal
 Cortex

Page 18
                        

The Jennifer Aniston, Halle Berry, and Sydney Opera/Baha’i Temple Neurons

Page 19
                        

Macro Organization:Primary, Secondary, and Tertiary
 Brain Areas

Page 20
                        

Short-circuits at lower levels
 • There are short circuits in the brain to allow for fast responses, these circuits also allow for contextual influences
 Sir Charles Sherrington

Page 21
                        

Luria’s Concept of theDynamical Functional System
 A. R. Luria

Page 22
                        

Marco Architecture: What vs. Where / How

Page 23
                        

How Goals and Task Constraints Affect Processing
 • Pre-frontal cortex critical for control
 • Control is exerted by biasing processing
 Input
 Outp
 utRED
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How Goals and Task Constraints Affect Processing
 • Pre-frontal cortex critical for control
 • Control is exerted by biasing processing
 Input
 Outp
 utRED

Page 25
                        

• How do I bring to mind what I know about something – e.g. from its name, or when I hear it bark?
 • Bidirectional propagation of activation among neurons within and between brain areas.
 • The knowledge underlying propagation of activation is in the connections.
 • Experience affects this knowledge through a gradual connection adjustment process that takes place over extended time periods
 language
 Semantic processing and the knowledge that supports it

Page 26
                        

An Associative Neural Network• A network with
 modifiable connections that can learn to associate patterns in different modalities.
 • Multiple associations can be stored without any grandmother neurons.

Page 27
                        

Hebb’s Postulate and Other Learning Rules
 “When an axon of cell A is near enough to excite a cell B and repeatedly or persistently takes part in firing it, some growth process or metabolic change takes place in one or both cells such that A’s efficiency, as one of the cells firing B, is increased.”D. O. Hebb, Organization of Behavior, 1949
 In other words: “Cells that fire together wire together.” Unknown
 Mathematically, this is often written as:
 Dwba = eabaa
 More complex and sophisticated ideas have been under continual exploration for over a half a century, including:
 Reward-modulated learningCompetitive learningError correcting learningSpike-time dependent plasticity
 D. O. Hebb

Page 28
                        

What we know, and what we don’t know
 • We understand a fair amount about basic sensory mechanisms, especially in vision, but much less about many other things– We don’t know how conscious experience is supported by the
 brain
 • We understand attractor networks, but cognitive processes are not static– There’s a lot to learn about fluid context-sensitive perception
 and performance
 • We understand how control can modulate processing, but not how control itself is maintained and organized across extended time periods

Page 29
                        

Conclusion• The thesis of this lecture:
 – Human thought and experience arise from interactions of neurons widely distributed within and across brain areas.
 • Thanks to all those whose ideas have contributed to the formulation and further elaboration of this thesis.
 • And thanks to you for listening to this introduction to Cognitive Neuroscience!
 Jay McClelland
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