OUTLINE FOR BRAIN STRUCTURE AND FUNCTION


   I.  BRAIN STRUCTURE

The brain and spinal cord comprise the CNS.  The behavior that we observe is the end product of the integrated function of the CNS; this is not debatable.  The study of biological bases of behavior is not reductionistic in the sense of abandoning the notion of free will in favor of biological determinism, as some would have you believe.  We try to look at organic bases objectively and with an open mind to further our understanding of human behavior, with full knowledge that the knowledge we possess about the nature of matter and energy is, at best, the tip of an iceberg.  Ex:  the “Einstein syndrome”—he showed delayed language development; at autopsy, found greater than normal portion of brain devoted to analytical function.

So, to the topic at hand:

The brain weighs 1300-1400 grams (˜3 lbs.) and is made up of about 180 billion neurons=nerve cells, supportive glial cells, cerebrospinal fluid, protective tissues, and blood supply with venous and arterial systems.  There are 100,000 miles of nerve fibers in the nervous system; 300,000 motor neurons that enervate voluntary muscles alone.  It is 75% water.  The brain takes up 80% of the space within the skull, with the remaining 20% CSF and vascular system.  At any given time, the brain contains 20% of the body’s total blood supply and consumes 25% of oxygen supply.  By age 4, the brain has achieved 80% of adult growth; by age 6, 90%. Brain size quadruples from birth to early adulthood. What does this mean?

A.  ANATOMICAL PERSPECTIVES (Coloring book, pp. 21-30, slides and brain model).  When viewing or examining structures of the brain, several perspectives can be taken, with the following terms used by convention:



1.  SUPERIOR/INFERIOR—top and bottom



2.  ROSTRAL/CAUDAL—defined by imaginary midpoint on head to tail plane; rostral is toward the beak or nose and caudal means toward the tail



3.  ANTERIOR/POSTERIOR—toward the head, toward the tail



4.  DORSAL/VENTRAL—dorsal is the back surface and ventral is the front surface of the body



5.  LATERAL—toward the side



6.  MEDIAL—toward the middle



7.  CORONAL—frontal cross-section

8. SAGGITAL—medial cross section

Review on website:  http://faculty.washington.edu/chudler/slice.html


B.  LAYERS—As the most delicate tissue in the body, the brain is accorded several layers of protection.  Moving from outward in, we have the:



1.  SKULL—There are 5 major bones of the skull:  frontal, parietal, occipital, temporal, and sphenoid.  Where do we see these first 4 terms again?  The skull provides maintenance of brain position and structural integrity.  In the infant, bones are separated by sutures that permit minor distortion of the skull during the birth process.   Q:  Have any of you seen newborns with elongated skulls? Q:  Does a skull fracture mean brain damage?



2.  MENINGES
(p.72 in coloring book)—3 membranes on the outer surface of the brain, needed to protect this most delicate tissue in the human body.  



A.  DURAMATER—(“hard mother”)—outermost layer, lines the cranium (inside of skull); tough and inflexible, helps to hold the brain’s shape.  Subdural space is between the duramater and arachnoid.  Note how the duramater follows fissures in the brain.  




B.  ARACHNOID—(“spider web”) membrane, very thin; arachnoid space separates the arachnoid from the innermost membrane.  This space is filled with CSF, which cushion the brain against trauma and serves as a medium for chemicals to reach the brain.  Blood vessels in this space are vulnerable due to little supportive structure.




C.  PIAMATER—(“pious mother”)—very fine membrane, covers the brain intimately, following all the bulges (gyri) and folds or fissures (sulci) of the cortex.  It looks to me like the membrane that covers Italian sausage in the fresh meat section.



3.  CORTICAL/SUBCORTICAL
p. 113/120-123—structures of the cortex (cortical) and beneath the cortex (subcortical).  The cortex, which means bark, surrounds the brain like the bark of a tree.  There are actually 6 cell layers in most of the cortex, varying in density and area according to function.  All the gyri (bulges) and sulci (fissures or grooves) greatly enlarge the surface area of the cortex, so that 2/3 of the cortex is hidden in the grooves; these convolutions in fact triple the area of cerebral cortex.  The cortex consists mostly of glia (supportive cells), neurons, and the associated dendrites (carry information to cell bodies) and axons (carry information away from cell bodies).  Because cells predominate, the cortex has a grayish-brown appearance and is referred to as the “gray matter”.  

C.  MAJOR STRUCTURAL DIVISIONS—ways of examining the brain



1.  POSTERIOR TO ANTERIOR—The CNS begins its existence early in embryonic life as a hollow tube (the neural tube), with 3 interconnected chambers that becomes ventricles, or open spaces. The tissue around these 3 chambers becomes the 3 major divisions of the brain:  the forebrain, the midbrain, and the hindbrain.  Eventually, there are 4 ventricles (or chambers), still interconnected, which contain CSF.  The 3 major brain divisions are identified by their association with the ventricles.  We’ll start from the bottom up, since the structures of the lower brain are more primitive and thus are similar in structure and function to corresponding structures in lower vertebrates.




a.  HINDBRAIN (RHOMBENCEPHALON)—surrounds the 4th ventricle and consists of the following structures, among others.





1.  MEDULLA (MYELENCEPHALON)—also termed medulla oblongata, meaning “long and narrow”.  Its lower border is the rostral end of the spinal cord.  The medulla contains the beginning of the reticular formation, which is associated with vital survival functions such as regulation of the cardiovascular system, respiration, and skeletal muscle tone.  This is also the level at which many of the sensory and motor nerves cross over to the other side (decussate on c.b.).





2.  PONS (METENCEPHALON)—word means “bridge”; the pons contains a portion of the reticular formation, which appears to be important in sleep and arousal.  The pons also has critical connections with the cerebellum for proprioceptive (movements and position of the body) input and both afferent (sensory:  toward the brain) and efferent (motor:  away from the brain) connections with the cerebral cortex.





3.  CEREBELLUM (ALSO METENCEPHALON)—means “little brain” and is first structure of the brain to specialize for sensory motor coordination.  It has 2 symmetric hemispheres.  The cerebellum has a complex interactive system with the cortex, primarily with regard to complex and integrative motor control.  Damage results in jerky, poorly coordinated, exaggerated movements.  Recent studies also indicate the cerebellum in involved in learning.
b. MIDBRAIN (MESENCEPHALON)—tissue that surrounds the cerebral aqueduct and consists of two major parts  (Use OH):





1. TECTUM (roof)—located in the dorsal portion.  Principal structures are the superior colliculi and inferior colliculi, which look like four bumps on the surface of the brain stem.  The inferior colluculi are part of the auditory system, while the superior colliculi are part of the visual system.





2.  TEGMENTUM (covering, comes beneath the tectum.  Contains the rostral end of the reticular formation (little net), which was mentioned earlier.  The periaqueductal gray matter (neuron cell bodies) contains neural circuits that control sequences of movements that constitute species-typical behavior, such as fighting and mating, and pain sensitivity. This area mediates the pain-reducing effects of opiate drugs.  The red nucleus and substantia nigra (“black substance”) are important component of the sensorimotor system.




c.  FOREBRAIN (PROSENCEPHALON)





1.  DIENCEPHALON—surrounds the 3rd ventricle (brain model, slide).  The two most important structures are the:






a.  THALAMUS—dorsal; a large structure with 2 lobes connected by a bridge of gray matter called the massa intermedia, which penetrates the 3rd ventricle.  This structure is missing in some apparently normal people.  Most neural input to the cortex is received from the thalamus.  Much of the surface of the cortex can be divided into regions that receive projections from specific parts of the thalamus, which acts as a relay station.





b.  HYPOTHALAMUS—just ventral to the thalamus; small, but houses extremely complex neural systems related to the survival of the individual:  food stimulation center and food satiation center; fluid regulation; smell; direct control of the autonomic nervous system (e.g., sweating, dilation or constriction of blood vessels, reduced or accelerated cardiac contractions).  Also controls the endocrine system (hormonal control).  Pituitary (master) gland hangs just below hypothalamus.  Hypothalamus also organizes behaviors related to survival of the species, the so-called “4 Fs”:  fighting, feeding, fleeing, and mating.




2.  TELENCEPHALON—includes most of the two symmetrical cerebral hemispheres that comprise the cerebrum, and includes the cortex, the limbic system, and the basal ganglia.  See workbook.  Much of neuropsychology focuses on the telencephalon because these areas control higher cognitive functions

a. CORTEX—the gray matter already discussed, with millions of underlying axons.  The white coating of myelin gives rise to the term “white matter”.  The axons connect the neurons of the cortex with those located elsewhere in the brain.

b. LIMBIC SYSTEM—“ring”—a set of interconnected structures surrounding the core of the forebrain; the hippocampus (“seahorse”, associated with memory function, and the amygdala (“almond”), associated with aggressive-defensive behavior and with reproductive behavior.

c. BASAL GANGLIA—positioned lateral to the thalamus, beneath the anterior portion of the lateral ventricles; involved in the control of movement.



2.  HEMISPHERES—the brain is divided into the left and right hemispheres, with each being connected to the other by a communicating band of fibers called the corpus callosum, which allows for rapid and effective hemispheric communication.  This structure is called a commissure, which refers to cross-hemisphere connections.  With the exception of the visual and auditory systems, the two hemispheres control functions on the contralateral (opposite) side of the body.  Some of the audition and vision functions are under ipsalateral control, meaning controlled by the cerebral hemisphere on the same side of the body.  Cerebral hemispheres are from 1-2 in. thick.



3.  LOBES—four are present in each hemisphere and are associated with the cranial bones described earlier.  They are divided by sulci (grooves) in the cortext, so that the frontal and parietal lobes are separated by the central sulcus (Fissure of Rolando) and the lateral (Sylvian) fissure divides the temporal lobe from the overlying frontal and parietal lobes (coloring book to illustrate).




a.  FRONTAL—contains the primary motor cortex, which is specialized for the execution and control of movements.  The 3 remaining posterior lobes are specialized for perception.




b.  PARIETAL—contains the primary somatosensory cortex, specialized for somatosensory (touch) perception




c.  TEMPORAL—contains the primary auditory cortex, specialized for reception of auditory stimuli

d.   OCCIPITAL—contains the primary visual cortex, specialized to receive visual information. 


D.  VASCULAR SYSTEM:  The brain always receives its share of blood from the heart while other systems receive varying quantities depending on their need; this is because the brain cannot store its fuel (primarily glucose) and a consistent blood supply is essential.  A 6 second interruption produces unconsciousness and permanent damage occurs within a few minutes.  Arteries carry blood to the brain, while veins carry blood back to the heart.



1. ANTERIOR CIRCULATION--circulation depends on the internal carotid artery (ICA), which originates from the common carotid artery.  The ICA then branches into the middle and anterior cerebral arteries.



2.  POSTERIOR CIRCULATION—circulation is supplied by the basilar artery, which stems from the vertebral arteries, then branches into the superior cerebellar artery and the posterior cerebral artery.  3 cerebral arteries, the ACA, MCA, and PCA, provide all the blood to the telencephalon.  ACA supplies medial surface, MCA supplies most of the lateral surface affecting all lobes, and the PCA supplies the medial and ventral surfaces of the temporal lobe and the visual cortex of the occipital lobe. 



3.  CIRCLE OF WILLIS-- The Circle of Willis is the uniting of the cerebral arteries, creating a vascular system cycle.


E.  VENTRICULAR SYSTEM—the internal, interconnected spaces in the brain (ventricles) contain the CSF, which is a clear colorless liquid made up of sodium chloride and other salts.



1.  STRUCTURES—the subarachnoid space described earlier is filled with CSF and the brain floats in this bath; it is completely immersed in liquid, reducing pressure on the brain.  The other chambers containing CSF are the:




a.  LATERAL VENTRICLES (#1 & #2)




b.  THIRD VENTRICLE




C.  CEREBRAL AQUEDUCT




D.  FOURTH VENTRICLE



2.  PRODUCTION OF CEREBROSPINAL FLUID (CSF)—produced by the choroids plexus, a vascular structure within the ventricles which produces CSF from blood plasma.  CSF is produced continuously and is replaced every 3 hours.  The CSF is reabsorbed into the vascular system in the subarachnoid space.  Because the CNS is rigidly contained in the skull, vertebrae, and meninges, displacement of the ventricular system by increased mass is a common sign of a brain growth such as a tumor.  Hydrocephalus (“waterhead”) occurs when there is a blockage in the CSF route.



3.  ROLE OF CSF—Because the brain is very soft and jelly-like, as well as very delicate, it has to be protected from shock.  CSF serves to protect from shock and to decreased pressure on the base of the brain by its weight.


F.  PERIPHERAL NERVOUS SYSTEM—(pp. 8-9 in coloring book)--the brain and spinal cord communicate with the rest of the body through the cranial nerves and spinal nerves.  The PNS sends sensory information to the central nervous system and conveys messages from the CNS to the body’s muscles and glands.

1.  CRANIAL NERVES—there are 12 pairs of cranial nerves (coloring book 80-81) that leave the ventral surface of the brain.  Most serve sensory and motor functions of the head and neck region.  They contain afferent and efferent fibers.

2. SPINAL NERVES—incoming axons are called afferent axons, moving toward the CNS.  Axons that leave the spinal cord are known as efferent (motor) axons (diagram in coloring book pp. 10-11).

3.  AUTONOMIC NERVOUS SYSTEM (means self-governing)— concerned with regulation of smooth muscle (e.g., skin, blood vessels, eyes, bladder), cardiac muscle and glands; regulation of vegetative processes.  ANS is divided into the sympathetic division, which controls activities that occur during excitement or exertion, and the parasympathetic division, which controls activities that occur during relaxation.  (pp. 12-13 in coloring book)

a.  SYMPATHETIC—motor division that mobilizes energy during periods of threat  

b.  PARASYMPATHETIC—motor division that tends to conserve energy

 II.
THE BRAIN AS A FUNCTIONAL SYSTEM We try to understand the neuroanatomical basis of normal behavior so we can recognize and intervene when alterations are seen that stem from brain disorder, damage, or disease.

A. NEURONS (coloring book pp. 32-41)—



1.  STRUCTURE –review parts in diagrams. Dendrites are receivers; they are afferent and conduct nerve impulses toward the cell body, with dendritic spines the major point of synapse (area of transmission from one cell to another.  In Mental Retardation, there are fewer spines, or points of contact, across neurons.  Axons are efferent and conduct neural impulses away from cell body—can be as much as a yard long.  Most neurons have thousands of synapses; each dendritic spine serves as a synapse that is excitatory in nature (causes neurons to fire)
2.  COMMUNICATION—The neuron’s primary function is communication with other neurons (another role is self-nutrition through ingestion of nutrients through bloodstream). 

a.  Chemical transmission—through neurotransmitters, which can be either excitatory or inhibitory, depending on the effect on receptor site.  Is a certain transmitter excitatory or inhibitory?  The effect that a transmitter substance has on the postsynaptic membrane is not determined by the chemical itself but by the nature of the post-synaptic receptors it stimulates.  There are over 100 know neurotransmitters.  Those of most concern to us at this point are the monoamines, a family of compounds with similar molecular structure:

Monoamines

Serotonin (indolamine)—usually inhibitory, involved in regulation of mood, eating, sleeping, arousal

Catecholamines

1. Epinephrine (adrenaline)

2. Norepinephrine (noradrenaline)

3. Dopamine—movement, attention, learning; usually inhibitory

b.  Structural communication—communication also occurs across areas of the brain, through conduction fibers (white matter):  association fibers—communication within a hemisphere; commissural fibers—communication between hemispheres (coloring book, pp. 78-79); projection fibers—communication from subcortical to cortical systems

II.
FUNCTIONAL LOCALIZATION—how the brain is organized to subserve specific functions

A. DEVELOPMENTAL COURSE

1. Landmarks—The neural tube develops about the 3rd week of gestation.  Once the neural tube has closed off, its cells proliferate at a rate of 250,000/minute, forming the brain and spinal cord.  Brain cells are shot into appropriate areas of the neural tube (coloring book, pp. 57-59) prenatally and compete for space.  About 1/2 die off because they are unable to establish a connection (the ultimate “use it or lose it” machine).  This is called selective cell death; there is also selective elimination of synapses, probably for the sake of speed and efficiency. This pruning process continues until about age 10 to eliminate connections that are seldom or never used.  Cells are organized prenatally into physical maps based on electrochemical signals and hormones.  Cells on the cortex are organized into 6 layers during various prenatal stages.  Factors that can interrupt this process include environmental toxins, e.g., alcohol & drugs, that impair different brain regions, depending upon the stage of development.  Somesthetic neurons (process pain, touch, temperature, & pressure sensors in skin) become functional in the fetus at 7-8 weeks gestation.  The longitudinal fissure is apparent at 10 weeks, the lateral (Sylvian) fissure and parietal-occipital fissure at 14 weeks, central sulcus at 20 weeks.  The fetus has full quota of neurons at 6 months gestation.  During the 3rd trimester there is a major growth spurt which continues postnatally until 2 years of age.  Postnatal development is marked by greater cortical complexity as myelination greatly increases brain weight and allows for rapid conduction velocity. By age 2, a child’s brain contains twice as many synapses and consumes twice as much energy as the brain of a normal adult.  Other spurts in brain growth and complexity:  2-4 years, 6-8 years, 10-12 years, 14-16 years.  To what do these ages correspond? The myelination process is negatively affected by malnutrition, disease, injury, toxicity, and inadequate stimulation. Lack of visual stimulation at birth can cause associated brain cells to die or be diverted, underscoring the importance of removing vision-blocking cataracts right away.  The infant first bonds with the mother through the sense of smell.  Within seconds of the first contact, indelible networks form.  Without proper auditory stimulation, connections become scrambled in that the cells don’t form the neat columns expected, leading to possible language disorders.

2. Plasticity—during early life, refers to the ability of the brain to reorganize itself with greater ease than later in life; may also refer to system response to pathology—the capacity of one system to take over when another is injured.  Plasticity during this period of up to ages 2, 3, or 4.  The brain is very dynamic and the architecture is very responsive to stimulation.  Plasticity also refers to the degree to which recovery of function is possible and refers to both young and old brains.  Immature brain areas are less committed to specific functions.  Ex. From animal studies (within the first few days of life):  If the primary visual cortex is surgically eliminated, and the major pathways to the auditory cortex are severed…the neural pathways from the retina will be redirected to the primary auditory cortex (Trauner & Stiles, 1999).  Equipotentiality of hemispheres, which refers to either hemisphere taking over a given function, decreases with age.  By age 5, specific specialization and lateralization of function has occurred.  The corpus callosum is fairly well formed by 5 years of age.  By adolescence, neural specialization is about like that of adults. Damage that occurs during fetal development or early childhood may upset subsequent developmental processes, so that more extensive dysfunction results.  The outcome may not be seen until certain functions are expected (e.g., coordinated fine motor movements, such as drawing and coloring; reading; language).

Review powerpoint slides of fetal development—abnormal.



B.  MATURE FUNCTION—We’ll first examine specific functional systems, moving from most basic to most complex, followed by general hemispheric specialization perspective.

Neurological Model—3 components (Gaddes & Edgell, 1994)

Sensory—afferent input (sensation)

Integration—processing, retrieval, etc. (cognition)

Motor—efferent output (response)




1.  SENSORY SYSTEMS





a.  SOMATOSENSORY (coloring book pp. 138-141 and homunculus handout)—Basic pathway for the sense of touch:  specialized neurons near the skin’s suface(sensory nerves(spinal cord through dorsal root(brainstem (decussate)(thalamus(sensory strip (primary somatosensory cortex) in parietal lobe.  Systems included here are proprioception:  position of limbs in space and form perception; and exteroception:  touch, temperature and pain.  Each primary somatosensory cortex (left and right hemisphere) is a map of the contralateral side of the body.  See homunculus diagram.





b.  VISUAL (coloring book, pp. 130-133 and handout)—Each eye receives information from both visual fields (loss of one eye, still get info from both fields). Passage is from retina (membrane)(optic nerves (optic chiasm(superior colliculi (tectum in midbrain)(optic tracts(lateral geniculate bodies of thalamus(optic radiations through parietal and temporal lobes(optic radiations to primary occipital cortex.  Simply, the left visual field of each eye is represented on the right occipital cortex.  Right visual field of each eye is represented on the left occipital cortex. See handouts on visual system.




c.  AUDITORY—(coloring book pp. 134-137  and handout)—Pathways run from both ears to both temporal lobes, specifically to Heschl’s gyrus, which lines the Sylvian fissure.  Basic pathway:  In the inner ear, sound waves set up vibrations that are converted into neural impulses in the auditory nerve (Cranial Nerve VIII)(brainstem (medulla)(pons (decussate)(inferior colliculi (tectum of midbrain)(medial geniculate nucleus of thalamus(primary auditory cortex of temporal lobe.  Each ear is connected to both temporal lobes, but fibers are stronger (3/1) between each ear and the contralateral lobe.  In most people, the right ear is more sensitive to verbal input and the left ear to nonlinguistic input, such as melodies and pitches.  Why?

Auditory imperception:

1)peripheral auditory nervous system (Cranial Nerve VIII or inner ear structural damage) can result in hearing loss or deafness

2)central auditory tracts in brain and auditory cortex can result in auditory agnosia (lack of knowledge), e.g., inability to recognize or decode auditory stimuli though hearing may be intact




2.  MOTOR SYSTEMS (coloring book, pp. 150-153; 158-159)—You can look at the homunculus diagram to see that the motor system is similar to the sensory system, but signals travel in opposite directions.  The corticospinal tract originates in the primary cortex(pons(ventral spinal cord.  Decussation of 90% of motor fibers occurs at the level of the medulla.  This is the pyramidal system.  There also exists another group of motor systems, termed the extrapyramidal system, which originates in the basal ganglia(reticular activating system(cerebellum.  This system is responsible for postural adjustments, background movements.  Lesions to the basal ganglia can result in Parkinson’s disease, characterized by tremor, difficulty initiating movement as a result of reduced dopamine.  Cerebellar damage can result in loss of muscle tone, incoordination of voluntary movement (ataxia), muscle weakness, gait problems.  Sensory integration involves a smooth blending of visual, tactile, auditory, and kinesthetic input, which must be coordinated with complex motor output.  This integrative response is necessary for perception and learning.  Important terms:

apraxia—defective motor accuracy and control, inability to imagine and carry out movements

ataxia—clumsiness

athetosis—involuntary movements




3.  LANGUAGE SYSTEMS (pp. 204-205 in coloring book)—Left hemisphere controls language in about 93% of people.  Left-handers may not have complete left hemisphere dominance for language, though most do.  Look at coloring book to identify Broca’s area (expressive speech), Wernicke’s area (receptive language), arcuate fasciculus (connecting fibers), and left angular gyrus, which translates the image of the written word into auditory code.  Go through the sequence in the coloring book—too simplistic, but conveys useful information.  Important terms: 

aphasia—loss of language

alexia—inability to learn or comprehend written or printed material

agraphia—loss of ability to write

Dysphasia, dyslexia, and dysgraphia refer to dysfunction or impairment in each of the above areas, respectively.




4.  MEMORY SYSTEMS—“You are what you know”.  Learning produces changes in how we perceive, act, think, and feel.  It does so by producing changes in the nervous system involving connections in the perceptual and motor systems.  The capacity for memory and learning is central to all intellectual functions.  There is not an underlying and distinct memory system, unlike the sensory and motor systems.  It is known that damage to the medial aspect of the temporal lobe or midline diencephalon produces impaired memory function.  Limbic/temporal structures are critical for certain aspects of memory processing and retrieval.  Whole brain integrity underlies intact memory.  Left hemisphere deficits more greatly affect verbal memory, while right hemisphere deficits more greatly affect visual-spatial memory.

1)Registration—sensory store of 1-2 seconds:  attention, focus, selection (icon is visual, echo is auditory)

2)Short-term memory—immediate memory or working memory is of limited capacity, from 30 seconds to several minutes without rehearsal.  Rehearsal lengthens duration of memory trace from hours to 1-2 days, but still sensitive to interference.

3)Long-term memory—results from consolidation, mostly semantic (meaning based), but rote repetition and association can also lead to consolidation

4)Effective retrieval system—recall or recognition:  can be procedural  or declarative (memory for events [episodic] or verbal facts/information [semantic]).  Storage takes place in cortical networks throughout the brain.




5.  EXECUTIVE FUNCTIONS—prefrontal areas (anterior frontal lobes).  Damage or disease may lead to behavioral and personality change.  May lead to defects in a)goal formulation:  determining needs and wants; conceptualizing future realization (not thinking of anything to do, not initiating); b)planning—conceiving of alternatives, making choices, conceptualizing outcomes (may see haphazard, fragmented approach); c)carrying out goal-directed plans (may see perseveration, inflexibility, programming problems); d)effective performance—monitoring and self-correcting behavior based on feedback (may see poor use of space, failure to finish communications, inability to respond to nonverbal cues).




6.  EMOTIONAL REGULATION—(pp. 190-191 in coloring book)-- Much of the entire brain is involved in emotional control.  To experience a certain emotional state, one must have the appropriate cognitive set and the appropriate level of arousal.  Ex:  poor lighting, few people around, individual walking toward you.  What happens?  Arousal, visual scanning, executive function (planning), emotional labeling.  Cognition and arousal are intimately intertwined in emotional experience. Emotional-behavioral functioning is an interaction of the limbic system (hypothalamus, amygdala, hippocampus, cingulated gyrus) with the cortex, primarily frontal. If the amygdala is severed, there is a striking inability to gauge the emotional significance of events—it seems to be the storehouse of emotional memory.  Tears are triggered by the amygdala and cingulate gyrus. 
 HEMISPHERIC SPECIALIZATION, HANDEDNESS, & LATERALITY

1.  Luria’s dynamic functional organization—handout; 3 functional units are emphasized; dynamic systems rather than functional localization

2. Lateralization and dominance issues—Cerebral dominance refers to the specialization of each hemisphere for different forms of information processing.  Left—serial order, verbal cognition, motor responses, logical, sequential analysis, spoken & written language, calculations.  Right—spatial and holistic material, spatial-perceptual-constructional tasks, simultaneous processing, musical interpretation, emotional expression.  Most cognitive tasks are accomplished with bilateral brain involvement.  Dominance can exist at the cerebral or motor level.  Cerebral dominance refers to asymmetry of hemispheric functions, as described above.  Lateral dominance refers to asymmetry of motor behavior (hand and foot dominance).  Research has shown that hemispheric dominance is related to lateral dominance, with the above patterns typical of right-handers.  Left-handers show more variability in pattern of brain organization.  Association between handedness and speech lateralization—left hemisphere speech for almost all right handers and >50% of left handers.  Estimates for left-handers:  61% have left hemisphere language, 20% bilateral, 19% right hemisphere.  What about when the left hemisphere is damaged.  Shift to right hemisphere for language can occur wholly, in part, or not at all (study of 27 adults)  Complete shift—results in seeming normality, but may be at expense of typical right hemisphere functions (Satz & Wader (1990-1992).  Show diagram on split brain function as illustration of need for interhemispheric communication.

Asymmetry in the 2 hemispheres:  LH—greater ratio of gray/white matter

RH—greater ratio of white/gray matter.  Implication:  RH has greater capacity for handling informational complexity because of intraregional connections; specialized for multiple modality processing due to greater association zones where sensory modalities converge; better able to process novel information. LH—greater capacity for processing unimodal stimuli; seems more able to work efficiently with information with preexisting codes, such as in language.
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