Week 10+11  – Chapter 7 

The Nervous System

CHAPTER SUMMARY

The nervous system is the body’s fast-acting master controller. It monitors changes inside and outside the body, integrates sensory input, and effects an appropriate feedback response. In conjunction with the slower-acting endocrine system, which is the body’s second important regulating system, the nervous system is able to constantly regulate and maintain homeostasis within narrow limits. This chapter looks at both the structural and functional classifications of the nervous system, first separately and then as an integrated whole, to help students conceptualize the complexity of this system.

First, this chapter describes the structure and function of nervous tissue. The types and activities of the supporting cells are discussed, followed by a complete description of the anatomy of a neuron. Neurons are then classified as either afferent (sensory), efferent (motor), or association neurons, and the role of each type is presented. Discussion of the physiology of nerve impulses is next, focusing on the two functional properties of neurons, irritability and conductivity. Both of these properties are explored, and the mechanisms involved within simple and more complex reflex arcs are explained to help clarify application of these principles.

The next section of the chapter presents the central nervous system and its components. The structure and function of the cerebral hemispheres, diencephalon, brain stem, cerebellum, and spinal cord are explored, followed by a discussion of the protection provided to the CNS by the meninges and cerebrospinal fluid. A discussion of some of the more common brain dysfunctions showcases their variability and provides interesting starting points for classroom discussions.

The final section of this chapter examines the peripheral nervous system, beginning with the cranial and spinal nerves, followed by a discussion of the differences between the somatic and autonomic nervous systems. The autonomic nervous system is then further subdivided into its sympathetic and parasympathetic divisions, and the “fight-or-flight” mechanism of the sympathetic division is compared to the “resting and digesting” mechanism of the parasympathetic division. Finally, the developmental aspects of the nervous system are presented, along with a discussion of some of the more common congenital complications, such as cerebral palsy and spina bifida.

Suggested Lecture Outline


I.
Organization of The Nervous System (pp. 229–230)


A.
Structural Classification (p. 229)


1.
Central Nervous System (CNS)


a.
Brain


b.
Spinal Cord


2.
Peripheral Nervous System (PNS)


a.
Nerves


b.
Ganglia


B.
Functional Classification (pp. 229–230)


1.
Sensory (Afferent) Division


2.
Motor (Efferent) Division


a.
Somatic (Voluntary) Nervous System


b.
Autonomic (Involuntary) Nervous System (ANS)


II.
NERVOUS TISSUE: STRUCTURE AND FUNCTION (pp. 230–242)


A.
Supporting Cells in the CNS (pp. 230–232)


1.
Astrocytes


2.
Microglia


3.
Ependymal


4.
Oligodendrocytes


B.
Supporting Cells in the PNS


1.
Schwann Cells


2.
Satellite Cells


C.
Neurons (pp. 232–242)


1.
Anatomy


a.
Cell Body Processes


i.
Dendrites


ii.
Axons


b.
Myelin Sheaths


c.
Terminology


2.
Classification


a.
Functional Classification


i.
Sensory (Afferent) Neurons


ii.
Motor (Efferent) Neurons


iii.
Interneurons (Association Neurons)


b.
Structural Classification


i.
Multipolar


ii.
Bipolar


iii.
Unipolar


3.
Physiology


a.
Nerve Impulses


b.
Reflexes


i.
Somatic


ii.
Autonomic


III.
CENTRAL NERVOUS SYSTEM (pp. 242–258)


A.
Functional Anatomy of the Brain (pp. 242–248)


1.
Cerebral Hemispheres (Cerebrum)


a.
Cerebral Cortex


b.
Cerebral White Matter


c.
Basal Nuclei


2.
Diencephalon (Interbrain)


a.
Thalamus


b.
Hypothalamus


c.
Epithalamus


3.
Brain Stem


a.
Midbrain


b.
Pons


c.
Medulla Oblongata


d.
Reticular Formation


4.
Cerebellum


B.
Protection of the Central Nervous System (pp. 248–252)


1.
Bony Enclosures


2.
Meninges


a.
Dura Mater


b.
Arachnoid Mater


c.
Pia Mater


3.
Cerebrospinal Fluid (CSF)


4.
The Blood-Brain Barrier


C.
Brain Dysfunctions (pp. 252–255)


1.
Traumatic Brain Injuries


a.
Concussions


b.
Contusions


c.
Intracranial
Hemorrhage


d.
Cerebral Edema


2.
Cerebrovascular Accidents (CVA)—Stroke


a.
Paralysis


b.
Aphasias


c.
Transient Ischemic Attack (TI)


D.
Spinal Cord (pp. 255–258)


1.
Gray Matter of the Spinal Cords and Spinal Roots


2.
White Matter of the Spinal Cord


IV.
PERIPHERAL NERVOUS SYSTEM (pp. 258–270)


A.
Structure of a Nerve (p. 258)


B.
Cranial Nerves (pp. 258–262; Figure 7.24; Table 7.1)


C.
Spinal Nerves and Nerve Plexuses (p. 262; Figures 7.25 and 7.26; Table 7.2)


D.
Autonomic Nervous System (pp. 262–273)


1.
Somatic and Autonomic Nervous Systems Compared


2.
Anatomy of the Parasympathetic Division


3.
Anatomy of the Sympathetic Division


4.
Autonomic Functioning


a.
Sympathetic Division


b.
Parasympathetic Division


V.
DEVELOPMENTAL ASPECTS OF THE NERVOUS SYSTEM (pp. 272–275)


A.
Embryonic and Fetal Brain Development: Normal and Abnormal


1.
Cerebral Palsy


2.
Hydrocephalus


3.
Anencephaly


4.
Spina Bifida


B.
Premature Infants


C.
Childhood and Adolescent Brain Development


D.
Aging


1.
Orthostatic Hypertension


2.
Arteriosclerosis


3.
Senility

Key Terms

action potential (nerve impulse)

afferent division

arachnoid mater

arachnoid villi

arteriosclerosis

astrocytes

autonomic nervous system (ANS)

autonomic reflexes

axons

axon hillock

axon terminals

basal nuclei (ganglia)

bipolar neurons

blood-brain barrier

brain stem

Broca’s area

cauda equina

cell body

central canal

central nervous system (CNS)

central sulcus

cerebellum

cerebral aqueduct

cerebral cortex

cerebral hemispheres

cerebral peduncles

cerebral white matter

cerebrospinal fluid (CSF)

cerebrum

choroid plexus

collateral ganglion

columns

corpora quadrigemina

corpus callosum

cranial nerves

cutaneous sense organs

depolarization

dendrites

diencephalon (interbrain)

dorsal root ganglion

dorsal column

dorsal rami

dura matter

endoneurium

efferent division

endoneurium

ependymal cells

epineurium

epithalamus

falx cerebri

fascicles

fissures

frontal lobe

fourth ventricle

ganglia

glia

graded potential

gray matter 

gyri

hypothalamus

integration

interneurons (association) neurons

involuntary nervous system

lateral column

limbic system

lobes

mammilary bodies

medulla oblongata

meninges

microglia

midbrain

mixed nerves

motor (efferent) nerves

motor (efferent) neurons

motor homunculus

motor output

multipolar neuron

myelin

myelin sheath

nerve

nervous system

neural tube

neurilemma

neurofibrils

neuroglia

neuron (nerve cell)

neurotransmitters

nissl substance

nodes of Ranvier

nuclei

occipital lobe

oligodendrocytes

orthostatic hypotension

parasympathetic division

parietal lobe

perineurium

peripheral nervous system (PNS)

pia mater

pineal body

pituitary gland

plexuses

polarized

pons

postganglionic axon

preganglionic axon

primary motor area

processes

proprioceptors

pyramidal (corticospinal) tract

ramus communicans

receptors

reflex arcs

reflexes

reticular activating system (RAS)

reticular formation

repolarization

satellite cells

schwann cells

senility

sensory

sensory (afferent) nerves

sensory homunculus

sensory input

sensory (afferent) neurons

somatic nervous system

somatic reflexes

somatic sensory area

speech area

spinal cord

splanchnic nerves

subarachoid space

sulci

sympathetic chain (trunk)

sympathetic chain ganglion

sympathetic division

synapse

synaptic cleft

temporal lobe

tentorium cerebelli

terminal ganglion

thalamus

tracts

unipolar neurons

ventral column

ventral rami

ventricles

voluntary nervous system

white matter

Lecture Hints


1.
Before going into depth, outline the general organization of the nervous system on the board, comparing the central nervous system (the brain and spinal cord) to the peripheral nervous system (the cranial and spinal nerves). Further outline the two divisions of the peripheral nervous system, the sensory and motor divisions, followed by the two subdivisions of the motor division, the somatic (voluntary) and autonomic (involuntary) nervous systems. Give a brief description and a specific example of the distinct role of each division.



Key point: Point out that any attempt to divide the nervous system into discrete sections is done strictly to help us understand the workings of this complex system, and that the divisions are man-made for simplification purposes only.


2.
Discuss the neuroglia as the “glue that holds the nervous system together.” These supporting cells are frequently ignored in favor of the “star” (i.e., the functional neuron), and it is wise to emphasize their importance early.



Key point: Although the functional unit of the nervous system is the neuron, the neuroglia provide them with support, protection, access to nutrients, and numerous other life-sustaining services. 


3.
Use transparencies or images from the Instructor’s Resource CD-ROM to present the basic anatomy of a typical neuron. Point out to students that neurons come in a variety of shapes and sizes, and that we are looking at a representative sample to help us visualize commonalities.



Key point: It is important for students to first understand the general structure of a neuron before they learn of the many variations that are possible.


4.
To help students understand the importance of the myelin sheath, discuss multiple sclerosis and its effects. Point out that the types of abilities that are lost are dependent upon the position of the sclerotic patches within the nervous system, and thus accounts for the wide range of disability seen in people with MS.



Key point: Multiple sclerosis causes the conversion of the myelin sheath into sclerotic, or hard, patches that short-circuit the neurological transmissions that would normally pass through that point.


5.
Describe saltatory conduction, in which a nerve impulse leaps from node to node, as being similar to flying cross-country with quick stops in between as compared to traveling the entire distance by car. Saltatory conduction is significantly faster than continuous conduction, and nerve impulses traveling on myelinated fibers are faster than those traveling on unmyelinated fibers.



Key point: This visualization helps students understand the differences in the speed of transmission between gray matter and white matter.


6.
Differentiate between afferent, efferent, and association neurons and describe the role of each. Point out that nerves, which are bundles of neurons, can carry sensory, motor, or both types of neurons at the same time, similar to a telephone wire that transmits messages both ways.



Key point: Describe the direction in which the messages run as in relation to the CNS.


7.
Distribute handouts of “brain maps” that show the most current, detailed outlines of the activities attributed to various parts of the brain.



Key point: Students are fascinated to learn how much we have discovered through studying people with seizure disorders and other neurological conditions. 


8.
Discuss the effects of a stroke, or cerebrovascular accident, if the cranial bleed is located in Broca’s area. Further elaborate on the various types of aphasia and their causes. Ask the students to predict the results of a bleed in either the gustatory or olfactory area.



Key point: Students usually know that some people become aphasic following a stroke and others do not. This discussion helps them understand the processes involved.


9.
Discuss epilepsy, including its past and present treatment strategies. Discuss the different types of seizures associated with epilepsy. Determine the difference between seizures related to injury and seizures as part of epilepsy.



Key point: Students find brain dysfunction very interesting, and can often relate the information to either someone they know or TV programs they have watched.


10.
Ask the students if they can guess whether they are predominantly left- or right-brained, and then list some of the characteristics associated with dominance of each on the board.



Key point: “Artistic” or “analytic” are some of the adjectives frequently used to describe brain dominance. Explain that we all have the ability to use both sides of our brain, but that we typically display more characteristics of dominance by one side or the other. Note that a cerebrovascular accident (CVA) on the left side of the brain will affect the limbs on the right side of the body (and vice versa). Explain how the left side of the brain can compensate and “learn” some of the activities that were originally associated with the right side (and vice versa) after a brain injury or CVA. It is also important to explain how some brain functions may be permanently destroyed.


11.
Emphasize that the hypothalamus is one of the key regulators of homeostasis and that it is particularly important in temperature control, water balance, metabolism, and hormone regulation. Also note that the medulla oblongata is important in maintaining homeostasis in that it regulates the vital activities of heart rate, blood pressure, and breathing.



Key point: It is important to recognize the significance of these two regions of the brain in homeostasis, as they will be emphasized again in future chapters.


12.
Describe the differences between Alzheimer’s disease, Parkinson’s disease, and Huntington’s disease, and explain the reasons for their differences.



Key point: These three conditions are well known and generate a lot of discussion in the classroom. Explain current research and treatment options.


13.
Describe and discuss brain conditions that require psychiatric treatment such as depression, bipolar disorder, schizophrenia, multiple personality disorder, sociopathic behavior, or psychosis.



Key point: By gaining knowledge of these conditions, students can better appreciate the complexity and individual variation within the nervous system.


14.
Students have usually heard about “subdural hematomas” and the presentation of material on the meninges provides a good opportunity for discussion of this condition. This is also a good time to explain where an epidural anesthetic would be placed.



Key point: These examples help students to visualize the layers of the meninges, along with their protective functions.


15.
Tell the students of the mnemnonic device, On Occasion, Our Trusty Truck Acts Funny—Very Good Vehicle Anyhow, used for memorization of the 12 pairs of cranial nerves.



Key point: This mnemnonic device requires a bit of explanation, but is still useful for memorizing the cranial nerves.


16.
Ask the students to tell you all the things that they think would happen if they were faced with a sudden, stressful situation, and list their responses on the board. Relate their responses to the “fight-or-flight” mechanism of the sympathetic division of the autonomic nervous system, and then point out that the parasympathetic division is charged with the responsibility of bringing all of these physiological changes back to normal.



Key point: In our fast-paced society, people are in sympathetic mode a good share of the time, and it is helpful for students to see the necessity of allowing the parasympathetic system to bring them back into homeostatic balance.


17.
Discuss the relationship of spinal nerves to the vertebrae. Make sure to remind students that while a normal human has seven cervical vertebrae, he or she will have eight cervical nerves.



Key point: Vertebrae are singular and the spinal nerves are in pairs. The first pair of cervical nerves arise superior to the first cervical vertebra.


18.
Describe autism and all of its various types and treatments.



Key point: Autism has been receiving a great deal of media attention and is widely misunderstood. A discussion of this topic, perhaps even using a guest speaker, can give further insight about this condition to the students.


19.
List the conditions that have been treated (or are currently treated) by a partial lobotomy. Be sure to indicate the success rate for each.



Key point: Students can associate the changes in brain function with removal of parts of brain regions.


20.
Discuss the severity of a ruptured brain aneurysm, and why it is often fatal.



Key point: This injury illustrates the brain’s immense need for glucose and oxygen, and that deprivation of either can lead to brain death very quickly. As well, the students can appreciate how brain tissue is easily damaged if exposed directly to blood.

Answers to End Of Chapter Review Questions

Questions appear on pp. 277–279

Multiple Choice


1.
b (p. 229)


2.
a, b, c (pp. 245, 256)


3.
d (p. 251)


4.
d (pp. 232, 234)


5.
c (p. 247)


6.
1-d; 2-h; 3-e; 4-g; 5-b; 6-f; 7-i; 8-a (pp. 245–246, 248)


7.
a, c (p. 255; Table 7.2)


8.
c (p. 256)


9.
a, c (Figure 7.24; Table 7.1)


10.
a, c (Table 7.2)


11.
d (p. 231)


12.
d (pp. 262, 267; Figure 7.28)

Short Answer Essay


13.
Nervous system and endocrine system. (p. 229)


14.
The structural classification includes all the nervous system organs. The major subdivisions are the central nervous system which includes the brain and spinal cord, and the peripheral nervous system which is mainly nerves. The functional classification divides the peripheral nervous system into afferent (sensory) and efferent (motor) branches. The motor division is further divided into the somatic and autonomic branches. (pp. 229–230)


15.
The functional classification of neurons is based on the general direction of the impulse. Impulses traveling from sensory receptors to the CNS are afferent (sensory) neurons. Impulses traveling from the CNS to effector organs travel along efferent (motor) neurons. Neurons that are in the CNS and connect afferent and efferent pathways are called interneurons (or association neurons). (pp. 229–230)


16.
Neurons are the “nervous cells”; they exhibit irritability and conductivity. The major functions of the glia are protection, support, myelination, and a nutritive/metabolic function relative to the neurons. Schwann cells are myelinating cells in the peripheral nervous system. (pp. 230–232)


17.
A threshold stimulus causes a change in membrane permeability that allows Na+ to enter the neuron through sodium gates. This causes local depolarization and generates the action potential, which is then self-propagating. This event is quickly followed by a second permeability change that restricts Na+ entry but allows K+ to leave the neuron, causing repolarization or resumption of the polarized state. One-way conduction occurs at synapses because axons (not dendrites) release the neurotransmitter. (pp. 232, 237–238)


18.
Pain receptors; Pacinian corpuscles (deep pressure) and Meissner’s corpuscles (light pressure); temperature receptors (e.g., Ruffini’s corpuscles [heat]). The pain receptors are most numerous because pain indicates actual or possible tissue damage. (p. 235; Figure 7.7)


19.
The minimum components of a reflex arc include a receptor, an afferent neuron, an integration center, an efferent neuron, and an effector. (p. 240; Figure 7.11)


20.
Student drawings and responses can be checked by referring to Figure 7.13 and p. 243.


21.
The pons also has important nuclei that participate in the control of respiratory rhythm. The medulla is vital because it contains the major respiratory centers, the vasomotor center (which controls blood vessel diameter, hence blood pressure), and the cardiac centers. Without breathing and heart activity, life stops. (p. 248)


22.
The thalamus is a relay station for sensory impulses ascending to the cerebral cortex for interpretation; as impulses pass through the thalamus, one crudely senses that the incoming stimulus is pleasant or unpleasant. The hypothalamus is a major autonomic clearing center whose important functions include temperature regulation, water balance, and metabolic control; it also serves as an important center for emotions and drives (sex, rage, pleasure, satiety/appetite, thirst). (p. 246)


23.
Bone: Enclosed by the skull. (p. 248) Membranes: The meningeal membranes—dura mater, arachnoid mater, and pia mater—enclose the brain within the skull and provide a passage for the circulation of CSF and its return to the blood. (pp. 249, 250) Fluid: Cerebrospinal fluid (CSF) cushions the brain from physical trauma. (p. 251) Capillaries: The capillaries of the brain are permeable only to glucose, a few amino acids, and respiratory gases. Hence, they protect the brain from possibly harmful substances in the blood. (p. 252)


24.
Gray matter is neural tissue composed primarily of nerve cell bodies and unmyelinated fibers. White matter is composed primarily of myelinated fibers (p. 235). In the cerebral hemispheres, most of the gray matter is outermost (superficial), and the white matter is deep (pp. 243, 245); in the spinal cord, the white matter is outermost and the gray matter is internal or deep. (p. 256)

25.
Major reflex center; pathway for ascending sensory impulses and descending motor impulses. (p. 255)


26.
Twelve pairs. Purely sensory: Olfactory (I), optic (II), and vestibulocochlear (VIII). Activates the chewing muscles: trigeminal (V). Regulates heartbeat, etc.: Vagus (X). (p. 258; Table 7.1)


27.
The head and neck region. (p. 258)


28.
Thirty-one pairs. They arise from the dorsal (sensory) and ventral (motor) roots of the spinal cord. (p. 262)


29.
Dorsal rami: Posterior body trunk. Ventral rami: Limbs and anterior, lateral body trunk. (p. 262)


30.
Cervical plexus: Diaphragm, shoulder and neck muscles. Brachial plexus: Arm, forearm, wrist, and hand. Lumbar plexus: Lower abdomen, buttocks, anterior thigh, medial thigh, anteromedial leg. Sacral plexus: Lower posterior trunk, posterior thigh, leg, and foot. (Table 7.2)


31.
The autonomic nervous system has a chain of two motor neurons (rather than one) extending from the CNS and is controlled involuntarily (rather than voluntarily). The ANS has different effector organs (cardiac muscle, smooth muscle, and glands), and it can release both acetylcholine (parasympathetic nervous system) and norepinephrine (sympathetic nervous system). This system has cell bodies of motor neurons inside and outside the CNS. Also, the two divisions of the ANS have antagonist actions to each other. (pp. 262, 266; Figure 7.27) 


32.
The parasympathetic division of the ANS is the “housekeeping system”; it acts to conserve body energy and to keep the body running at minimum levels of energy use during nonemergency periods. Its effect is seen primarily in the normal operation of the digestive system and the urinary system. The sympathetic division is the “fight-or-flight” system; it acts during periods of short-term stress to increase heart rate and blood pressure and to shunt blood glucose levels. Generally, sympathetic activity inhibits digestive system functioning. The parasympathetic system has the opposite effect. (pp. 268–270; Table 7.3)


33.
Although both the sympathetic and presympathetic preganglionic fibers release acetylcholine, their postganglionic fibers (in close contact with the effector organs) release different neurotransmitters. The sympathetic fibers release norepinephrine and the parasympathetic fibers release acetylcholine. These different neurotransmitters produce opposing effects in the effector organs. (pp. 268–270)


34.
Schwann cells produce myelin outside the CNS. They are specialized support cells that wrap tightly around an axon and enclose it. As a result, the neuron is insulated. (p. 232)


35.
Both CVAs and TIAs result from restricted blood flow to brain tissue. CVAs result in permanent or long-lasting deficits, including paralysis, aphasias, and visual disturbances. In TIAs, the disturbances, though similar, are temporary because neurons do not die. (pp. 252, 254–255)


36.
Senility is age-related mental deterioration (i.e., changes in intellect, memory, etc.). Permanent causes include factors that deprive neurons of adequate oxygen (such as arteriosclerosis) and degenerative structural changes (as in Alzheimer’s disease). Reversible causes include drug effects, low blood pressure, poor nutrition, and hormone imbalances. (p. 273)

Answers to Critical Thinking and Clinical Application Questions


37.
Alzheimer’s disease. (p. 253)


38.
Hypoglossal (XII). (Table 7.1)


39.
The parasympathetic division is involved in the activation of the digestive viscera and with conserving body energy. Following a meal, this system promotes digestive activity and lowers the heart rate and the respiratory rate. The sympathetic division is only minimally active at this time. Therefore, the person will feel “very sleepy.” If the person is overweight, he probably should not overexert himself. However, doing the dishes would not be hazardous to his health. (p. 270; Table 7.3)


40.
Intracranial hemorrhage. (p. 252)


41.
Sternocleidomastoid and trapezius muscles. (Table 7.1)


42.
Cerebral palsy—it will not get worse. (p. 272)


43.
Brachial plexus. (Table 7.2)


44.
Schwann cells and oligodendrocytes deposit a fatty coat called myelin around axons. Like the rubber coat around household wires, myelin acts as an electrical insulator. (p. 232)


45.
The reticular activating system was damaged. (p. 248)


46.
The nervous system is formed during the first month of development so exposure to toxins at this time will cause great neural damage. (p. 272)


47.
The femoral nerve, which originates at lumbar vertebrae one, two, three, and four (Table 7.2), experienced trauma by hockey stick. The femoral motor nerve innervates the rectus femoris muscle, which is the only one of the four quadriceps muscles that cause both hip joint flexion and knee joint extension. This nerve is also responsible for cutaneous sensation in that area. Clancy is not feeling any pain, which further indicates femoral nerve damage. (p. 214 in Chapter 6).


48.
Accessory (IX) nerves. (Table 7.1)

Classroom Demonstrations and Student Activities

Classroom Demonstrations


1.
Film(s) or other media of choice.


2.
Demonstrate a knee-jerk reflex. Ask for a student volunteer to come to the front of the class to assist you with the demonstration. Tap their knee with a reflex hammer and note the response. If the student is nervous and appears to be holding the knee still, distract them by asking them to look at one of their classmates off to the side, then tap their knee and note the difference in response.


3.
Demonstrate a few other reflexes commonly used as diagnostic tools in medicine, such as Babinski’s reflex, the biceps reflex, and Chaddock’s reflex.


4.
Use a dissectible human brain model to point out its various structural and functional areas.


5.
Use a 3-D model of a motor neuron to point out structural characteristics of nerve cells.


6.
Use a spinal cord model to illustrate the way in which the spinal nerves originate from the dorsal and ventral roots, and then split into rami.


7.
Using the sciatic nerve of a frog, a stimulator, and an oscilloscope, demonstrate an action potential, or show a filmed version of this demonstration.


8.
Invite a pharmacist to discuss the effects of selected drugs on the brain and nervous system. Include some of the more common street drugs, such as alcohol and cocaine, on the discussion list.


9.
Demonstrate a TENS Unit, which reduces pain in a similar manner as “scratching an itch.”

Student Activities


1.
Have students clasp their hands together. Ask them whether they have the thumb of their left hand or their right hand on top, and whether this correlates with their understanding of which hemisphere of their brain is dominant.


2.
Have students hold their index finger and thumb together on each hand, then touch the two hands together to form a small diamond between index fingers and thumbs. Have students focus on an object in the diamond with both eyes open. Close first one eye and then the other without moving your head or hands. Determine which eye is dominant based on the eye that is actually focused on the object in the diamond.


3.
Provide full and cross-sectional drawings of the brain for students to color and label.


4.
Have the students draw and label the ventricles of the brain.


5.
Provide reflex hammers and the instructions for producing the patellar and Achilles stretch reflexes, and the plantar reflex. Have students work in pairs to produce and observe these reflexes.


6.
Have students measure their heart and breathing rates at rest. Without giving any warning, blow a shrill whistle to produce a startle response in the members of the class. Have students retest their heart and breathing rates. Then, initiate a class discussion on the effects of the sympathetic division of the autonomic nervous system by asking students to indicate which of their body organs were affected by the sound and what the organ response was.


7.
Have students practice conducting cranial nerve tests.


8.
Ask students to bring in articles from magazines or from the Internet that discuss research about sex differences in the brain. Discuss the articles in class.


9.
Ask students to bring in articles from magazines or from the Internet that discuss the role of neurotransmitters in depression and in brain disorders such as Parkinson’s, or articles that cover the effect that common street drugs have upon them. Discuss the various articles.


10.
Show a ten-minute clip of Lorenzo’s Oil or Regarding Henry and engage the students in a class discussion.


11.
Have students test their reaction times before and after exercise. Discuss results.

