Chapter 4

Epilepsy: debilitating affliction in which seizures—uncontrolled storms of electrical activity—begin in one part of brain and spread through much of it, causing violent, life-threatening convulsions to whole body. 

Brain’s most distinguishing capacity: ability to have a sense of consciousness 

- Egyptians thought mind was in heart. 

Franz Gall and Johann Spurzheim

· theory of phrenology based on principal of functional localization

· phrenology: the practice of assessing personality traits and mental abilities by measuring bumps on the human skull

· critic of phrenology: Flourens

· thought brain worked as single unit ( equipotentiality: all parts of the cortex contributed equally to mental abilities

· today know that it’s WRONG. Brain is patchwork of highly specialized areas. 

· first strong evidence supporting this: Broca’s area
· the left frontal region of the brain that is crucial to the production of language

Mind is adaptive: one of four major themes of textbook.

Brain’s specialized mechanisms ( regulate breathing, food intake, sexual behavior, and bodily fluids, sensory systems
- some basic roles have changed little over evolution, e.g. breathing

Spinal cord
· runs inside hollows of vertebrae

· from just above pelvis to base of skull

· segmented, each marked by own pair of spinal nerves

· two tissue types:

· grey matter, dominated by cell bodies of neurons

· white matter, mostly axons and myelin sheaths 

· distinguishable in brain as well

· relays info

· also controls

· spinal reflex: conversion of sensation to action

· e.g. stretch reflex 
Thickens into brainstem
· basic roles: breathing, swallowing, vomiting, urination, orgasm.

· Because it is a continuation of spinal cord, performs for head similar to what spinal cord does for rest of body

· Complement of reflexes analogous to spinal reflexes. 

· E.g. gagging

· has nerves connecting to skin and muscles of head and specialized sensory organs of head like eyes and ears. 

· Includes reticular formation: large network of neurons within brainstem involved in general arousal (behavioral, sleep-wake cycles)

Cerebellum

· Means “little brain” 

· Lesions to different parts produce different effects BUT cellular organization identical

· Suggests producing identical operations on all inputs, but effects differ depending on origin, destination of info

· MOTOR FUNCTION!

· Damage to little nodes at bottom: head tilt, balance problems, loss of smooth eye position for movement of head

· Damage to ridge up back: affects walking

· Damage to bulging lobes on either side: loss of limb coordination 

· MOTOR LEARNING

· Trained by rest of nervous system, operates independently and unconsciously

· E.g. riding bike without thinking about it

· FUNCTIONAL IMAGING

· Cognitive processes

· Making plans, remembering events, using language, emotion

· Empathy 

· disorders of cerebellum
· symptoms of ataxia: clumsiness, loss of motor coordination. 

· Also showed lack of normal emotional responses, impaired cognition

ABOVE cerebellum and brain stem is ( 
Forebrain

· two cerebral hemispheres

· cerebral cortex

· subcortical regions 

· hypothalamus

· thalamus

· hippocampus

· amygdale

· basal ganglia

· many of these part of limbic system—separating the evolutionary order (brainstem, cerebellum) and new (cerebral cortex)
· include basic drives, eating, drinking, emotions
Subcortical regions
Hypothalamus
· master regulatory structure

· regulate body temperature, bodily rhythms, blood pressure, glucose level

· impel thirst, hunger, aggression, lust

· receives input from everywhere, influences directly or indirectly almost everywhere

· induces motivational drives

· through projections to spinal cord → function of internal organs

· controls pituitary gland → master gland of body → controls all other glands → governs development, ovulation, lactation etc

· governs sexual and reproductive development and behavior

· there are clear differences between men and women in hypothalamus DUE TO early hormonal influences during nervous system development

· female rats in womb → exposed testosterone → hypothalamic organization typical of males, female masculinization

· difference in structure lead to sexual orientation

· anterior hypothalamus only half as large in homosexual men than hetero. Comparable to heterosexual women. 

Thalamus

· gateway to cortex ( everything goes through thalamus first, then cortex
· ONLY EXCEPTION is sense of smell, the oldest and most fundamental of senses, goes directly to cortex
· during sleep, shuts gate of incoming sensations while brain rests

· plays role in attention
Hippocampus
· MEMORY

· Storage of new memories

· Creates new interconnections within cortex with each new experience 

· Changes in size with increased use

· Arrangement of places and objects in space

· Taxi drivers in London

· Much larger hippocampus than other drivers

· Volume of grey matter in hippocampus correlated with years of work experience

· Hippocampus increases volume to store more accurate larger spatial networks, thus CHANGES WITH EXPERIENCE

Amygdala

· in front of hippocampus

· learning to associate things with emotional responses

· enables to overrule instinctive responses by connecting memories of things to their emotions

· intensifies memory during emotional arousal

· plays special role in stimuli that makes FEAR

· developed over evolution to protect animals from danger
· evaluate emotion of facial expressions, esp fearful faces

· also more positive emotions, like sexual arousal 

· activity of amygdala increases

· males more responsive than females to visual sexual stimuli 

Heightened response of hippocampus and amygdala →  epilepsy 

Epilepsy is MOST COMMON neurological disorder! (1-3%)

Basal ganglia
· planning and producing movement

· receive input from cortex → to motor centers of brainstem → via thalamus → back to cortex’s motor-planning area

· damage:

· tremors and rigidity (Parkinson’s)

· uncontrollable jerky movements (Huntington’s)

· impair learning of movements 

· learning of habits, e.g. automatically looking for cars when cross

· Parkinson’s patients have trouble learning tasks of routine actions 

· one structure is nucleus accumbens
· how env interacts with brain

· responsible for REWARD
· expensive sports cars greater activation than cheap sports cars → society values expensive objects → more desirable → activate reward circuitry 

Celebral Cortex

· outer layer of cerebral hemispheres

· size of sheet of newspaper
· thoughts, detailed perceptions, consciousness

· ability to think before we act
· EACH hemisphere has four lobes

· Occipital

· Parietal

· Temporal

· Frontal

Corpus callosum connects the two hemispheres.

Occipital lobe

· Sense of vision
· Divided into diff visual areas, largest is primary visual cortex
· Preserves spatial relationships! 
· Two objects near to each other in visual image activate neurons that are near to one another in primary visual cortex
· left hemisphere sees right, right sees left

· surrounding primary visual cortex are secondary visual areas
· color, motion, and forms
Parietal lobe

· partially sense of touch

· primary somatosensory cortex, runs from top of brain down the side 
· somatosensory homunculus: distorted because more sensitive areas of body, e.g. face and fingers, have greater area
· represent the spatial relationships between us and objects around us

· when have stroke or damage to RIGHT parietal region → hemineglect: patients’ failure to notice anything on their left side! 
· Neglect extends to inside world (imagination, memory)! 
Temporal lobes

· Sense of hearing
· contain primary auditory cortex

· secondary auditory areas process what we hear
· left hemisphere: decoding of words and sentences
· specialized visual areas for recognizing detailed objects, like faces
· memory, contains hippocampal formation and amygdala 
INTERSECTION of temporal and occipital cortices is fusiform face area. 

· Name comes b/c more active when look at faces (other regions of temporal cortex are active when looking at objects)
Frontal lobes
· Planning and movement
· Rear portion: primary motor cortex
· Instead of responding to body sensations, send info to it: directly to spinal cord to move muscles of body

· Prefrontal cortex
· Not anatomically fully mature until early adulthood

· 30% of brain in humans

· Rational, directed activity
· Directing and maintaining attention, developing and acting on plans

· Complexity and organization of its neuronal circuits makes humans unique

· Social life

· Understanding what others are thinking, cultural norms, contemplating our own existence 

· area in center of prefrontal cortex just behind eyes is orbitofrontal cortex

· personality, emotion, impulse control

· part of limbic system 
· damage: easily distracted, improper social behavior
· lobotomy: deliberately damaging frontal lobes in treating mental patients. Made them emotionally flat and lethargic, easier to deal with in mental hospitals

- brain is MALLEABLE
- plasticity: property of brain that allows it to change as a result of experience, drugs, or injury. 

- brain follows predictable development pattern
ENVIRONMENT does NOT just affect the products of our DNA’s activity; it directly affects the DNA’s activity!

Chemical signals guide MAJOR connections 

· release chemical signals to each other that act DIRECTLY on their genetic material to determine which instructions in genetic code will be executed

· tissue transfer early on transforms into whatever type is appropriate for its new location

· as time passes, cells become more committed, transplanting gets disfigured organisms 

· predestination of connections from cells that have had time to determine their identities 

· connections of brain produced by growing axons’ detection of particular chemicals telling them where to go

· Neurons in one region are looking for particular chemicals, and neurons in another are producing them. 
· Axons grow toward or away from increasing or decreasing concentrations of signaling chemicals: chemical gradients!
· This method creates specific connections within cerebral cortex!

Experience forms detailed connections
Critical period: time in which certain experiences must occur for normal brain development, such as exposure to visual information during infancy for normal development of brain’s visual pathways

· adult cats that are deprived of eyes for a period (put patch over eyes) don’t lose sight, whereas kittens DO lose sight
rats raised in “enhanced” environments bigger brains that those under “normal” lab conditions

· enhanced env was more like normal rat life in wild, lab env cause atrophy (shrinking) in rats’ unused brains

· when make new memory, physical changes being made in brain are on strength of PREEXISTING connections. 

· Hebbian learning: “fire together, wire together” 
· Pattern of neuronal firing is made more likely to recur and ingraining of habits
· another possible method: growth of entirely new connections

· takes longer, MAJOR factor in recovery from injury

· new neurons ARE produced in adult brain, neurogenesis 

· esp in HIPPOCAMPUS
· environment plays important role
· e.g. stressful experiences interfere with neurogenesis during development and adulthood
· dominant animals show greater increases in new neurons than subordinate ones
- maps in cerebral cortex change  in response to activity

- wiring in brain affected by underuse or overuse

- if finger repetitively stimulated, finger’s cortical representation will expand. But NOT distracted.

- taxi drivers in London is another example of changes in cortical maps 

- phantom limbs: intense sensation that amputated body part still exists 


- some experience as moving normally, others frozen


- accompanied  by pain, misgrowth of severed pain nerves at stump, suggest brain had NOT reorganized


- touch on cheek perceived as missing hand


- hand is next to face on somatosensory homunculus

Reorganization of brain in response to brain damage.

· Lesion in cortex → surrounding gray matter assumes function of damaged area 
· Some remapping occurs immediately and continues for years, involves all levels of nervous system

· Reorganization more prevalent in children than adults

· Epilepsy children → “radical hemispherectomy” →removal of one entire cerebral hemisphere→ regain use of lost hemisphere: taken up by remaining one

· Adults much more difficult

- stem cells are “master” cells, regenerate self, capacity to develop into any tissue

- being used for degenerative diseases (park’s, huntington’s) 

Brain Divided

· Only connection between hemispheres that can be cut out without damage to gray matter is the massive fiber bundle called corpus callosum. 
· if cut out, two halves of the forebrain isolated, hemispheres connected only at the back of the brainstem, hence only indirectly: split brain
· Roger Sperry: just as brain had split in two, so had the mind.
Left brain: language

Right brain: spatial relationships

The Left-Brain interpreter mechanism 
Interpreter: left-hemispheric propensity to construct a world that makes sense 

Opposite of dualism is materialism → belief that brain and mind are inseparable, that the brain DIRECTLY enables the mind

· Activity of neurons in brain produces contents of consciousness, such as cognition and perception

· When stroke, lose ability to feel empathy because brain tissue had been damaged 

· Can study consciousness only through studying the brain

Consciousness
Subjectivity: the unique perspective each of us has on our own conscious experience 

· qualia: properties of our subjective experience 

Access to information:

· information processing divided into TWO classes: what is accessible to consciousness and what is not (unconscious: outside the realm of conscious awareness)

Unitary experience: 

· our awareness of world is based on melding of sensory systems into a single, multimedia event

Subliminal perception

· stimuli that sensory systems respond to but because of short duration or subtle form never each the threshold of entering consciousness

· experiment: test subjects by quickly flashing “good” or “bad” picture of boy before test, then have to judge neutral picture of boy. Those who had seen “bad” picture of boy said the boy in the neutral picture was more likely to be bad than good. 
· Nisbett and Wilson experiment:

· Participants asked to examine word pairs like “ocean-moon” that had obvious semantic associations between words 

· then later asked to name a detergent: most said “Tide”

· Left hemisphere interpreter at work

· Freudian slip: unconscious thoughts are suddenly expressed at inappropriate times, often to inappropriate people. 

· John Bargh experiment 

· Make sentences out of jumbled words

· Participants with elderly stereotype (had to make sentence out of words about elderly being slow) walked much more slowly down the hall afterwards than those who performed task without those beliefs 

Illusion of Conscious Will

· Daniel Wegner 

· Our sense of will occurs in part because brain activity causes both the feeling of will and the action that is associated with the feeling of will, even when they did not cause the action 

· When letters chosen on Ouija board, is it b/c of supernatural forces or b/c fingers are responding to unconscious choices of mind?

· Even though do not experience a conscious sense of will, are in fact providing the answers

Awareness

- to be able to report that info is being or has been perceived. 

- blindsight: condition in which people suffer blindness due to damage to visual cortex but continue to have some visual capacities in absence of any visual awareness 

· if presented with stimulus in blind field, can unconsciously perceive important aspects of the stimulus 
· e.g. blind people shown picture of scared face. Ask them to guess what the face looks like. Even though blind, guess correctly.

· amygdala processes visual information very crudely and quickly, helps identify potential threats 

· becomes activated when shown subliminal presentations of faces expressing fear

Neuronal workspace model: conscious arises as a function of which brain regions are active

· relationship between consciousness and neural responses in brain

· images with houses superimposed on faces

· fusiform face area activated when saw face

· temporal cortex regions associated with object recognition became active when saw house

· if one of these systems is damaged, then no output to consider and nothing is noted as wrong e.g. hemineglect patients 

· does not include awareness of deficit 

· importance of model: NO SINGLE AREA for general “awareness” 

· consciousness viewed as mechanism that is actively “aware” of information, and serves the role of prioritizing what info we need or want to deal with at the moment. 

Sleep
· conscious experience of outside world turned off in sleep

· many view as prototypical altered state of consciousness, similar to alcohol, drugs, hypnosis, meditation. 
· Isn’t clear WHY sleep is important
· When asleep still processing information like analyzing potential dangers, controlling body movements, and shifting body part to maximize comfort.

· Invention of EEG revealed brain working when asleep

· When awake: short, high frequency, desynchronized BETA waves
· When close eyes: brain activity slows down more synchronized, ALPHA waves
STAGE 1
· Theta waves
· Easily aroused

· Deny that you were sleeping if awakened 

· Geometric shapes, sensation you are falling or limbs are jerking

STAGE 2

· Breathing more regular

· Less sensitive to external stimulation

· Now REALLY asleep

· Still theta waves, with occasional burst of activity known as sleep spindles and large waves called K-complexes
· Shutting out external world and keeping you asleep

· Abrupt noise trigger K complex

· As you age, fewer sleep spindles, sleep more lightly

· insomnia: sleep disorder in which people’s mental health and ability to function compromised by inability to sleep

progression to DEEP sleep, next 2 stages

STAGE 3/STAGE 4

· delta waves, large and regular (called slow-wave sleep)
· hard to wake people up in slow-wave sleep, disoriented if do

· still process information in stage 4

· parents aroused by crying children but ignore traffic noise

· mind continues to evaluate env for potential danger

After 90 MIN of sleep

· sleep cycle reverses

· returns to stage 3 and then stage 2

· flurry of beta waves, usually indicates alert, awake mind

· eyes start darting back and forth rapidly beneath closed eyelids 

· REM sleep: rapid eye movements occur
· also called paradoxical sleep 
· some brain neurons, especially in occipital cortex and brainstem, are more active in REM sleep than when awake
· most muscles are paralyzed during REM
· at same time, body shows signs of arousal in genitals 
· 80% of time when people awakened during REM report dreaming compared to less than 50% of time for non-REM
Cycle continues to repeat, progression from slow-wave sleep to REM sleep and back. 

As morning approaches, sleep cycle shorter and more time spent in REM sleep. 

People briefly awaken many times during night but don’t remember in morning.

Sleep is an Adaptive Behavior
· some species like DOLPHINS have unihemispherical sleep, one cerebral hemisphere sleeps at a time

· WHY sleep? Three theories
· Restoration, circadian cycles, facilitation of learning

Restoration

· Restorative theory of sleep: the brain and body need to rest and that sleep allows body to repair itself 
· Growth hormone is released during deep sleep, repair of damaged tissues
· allows brain to replenish glycogen store and strengthen immune system
Effect of Sleep deprivation 

· two or three days of deprivation have little effect on strength, or cognitive performance on complex tasks

· BUT boring tasks impossible to perform 
· Increased activation of prefrontal cortex suggest some areas compensate for effects of deprivation
· Over long periods, causes mood and cognitive problems 
· Extended weakens immune system and leads to death in rats
· Chronic sleep deprivation (college students)
· Experience lapses in attention, reduced short-term memory, and microsleeps: brief unintended sleep episodes ranging from few seconds to a minute
· sleep deprivation helps OVERCOME DEPRESSION! b/c leads to increased activation of serotonin

Circadian rhythms 
· theory: sleep has evolved to keep animals quiet and inactive during times of day when greatest danger (when it is dark)
· circadian rhythms: regulation of biological cycles into regular patterns 

· e.g. body temp, hormonal cycles, sleep-wake cycle

· CONTROLLED BY CYCLES OF LIGHT AND DARK
· amount of time sleep depends on how much time needed to obtain food, how easily it can hide, how vulnerable it is to attack

· small animals sleep a lot, big vulnerable animals like cows and deer sleep little

· large animals that are not vulnerable, like lion, sleep a lot 

· humans depend on vision for survival, so adapted to sleep at night

Facilitation of learning
· theory: circuits that have been wired together during wake period are strengthened during sleep

· Stickhold experiment:

· Participants improved at complex task only if they slept for at least 6 hours following training

· Both slow-wave sleep and especially REM imp for learning

· Students have greater REM sleep during exam periods

· Infants who learn a lot in short years, sleep the most and spend most time in REM

Sleep Regulation by multiple neural mechanisms
· biological clock located in suprachiasmatic nucleus (SCN) of hypothalamus
· light-sensitive photoreceptors in eye (not kind you use for visual info, works for blind too) sends signals to SCN

· individual neurons in SCN show peak in firing activity about once a day

· SCN also signals pineal gland to secrete melatonin, hormone that affect various receptors

· Bright light suppresses melatonin
· Darkness triggers melatonin
· taking melatonin helps cope with jet lag and shift work, which interfere with circadian rhythms

· sleep involves changes in arousal

· stimulating reticular formation in brainstem leads to arousal in cerebral cortex

· if cut those fibres, stay asleep until you die

· low levels in reticular formation activity = sleep

· high levels = awake

· multiple regions of reticular formation involved

· one region sends norepinephrine to many regions of brain, INCREASE cortical arousal. 

· High active when awake, less active in non-REM, inactive in REM

· what triggers sleep? 

· Small area of forebrain in front of hypothalamus involved in inducing non-REM sleep

· Once this area activated, inhibitory signals sent to reticular formation, reduce arousal, trigger sleep

REM sleep

· paralysis of motor system

· activation of motivational states

· neurons in pons, region of brainstem, send signals to spinal cord to stop movement 

· cut out pons, animals very active in REM, as if acting out scenes from dreams
· strokes cause REM behavior disorder, normal muscle paralysis absent

· cataplexy is opposite, experience REM paralysis when awake 

· REM sleep triggered by acetylcholine neurons in PONS

· Signals transmitted to thalamus and occipital lobes to trigger REM (eye)

· Activation of limbic structures like amygdala and region of prefrontal cortex 
· Less activity in other regions of prefrontal cortex associated with rational thought, decision making

· Primary visual areas inhibited, BUT visual association areas are activated
· Produced vivid imagery in dreaming
Dreams
· Products of altered state of consciousness in which images and fantasies are confused with reality 

· Average person SIX years of life dreaming

· Occurs in both REM and non-REM

· Non-REM dreams are dull

· REM dreams have intense emotion, visual, auditory hallucinations (but rarely taste, smell or pain), illogical content, uncritical acceptance of events. Activation of brain regions motivation, emotion, reward

· REM sleep can occur without dreaming, dreaming can occur without REM

· REM and dreaming controlled by DIFFERENT neural signals 
What do dreams mean?

· Freud, manifest content: plot of a dream, the way a dream is remembered

· Latent content: what dream symbolizes 

· no support for Freud’s ideas

· dreams themselves have a thematic structure
Alan Hobson
Activation-synthesis hypothesis: a theory of dreaming that proposes that neural stimulation from the pons activates mechanisms that normally interpret visual input 

· dreams are epiphenomenal: are experienced side effects of mental processes 

· amygdala activation source of emotional content of dreams

· deactivation of frontal cortices cause illogical aspect of dreams

more connected with REM than non-REM dreams

Antii Revonsuo

Evolved threat-rehearsal Theory: evolutionary account wherein dreams simulate threatening events to allow people to rehearse coping strategies

· not all dreams but says dreams are result of natural selection 

· the majority of dreams involve negative motions, like fear and anxiety, supports this theory 
