
CHAPTER 2

	NEUROSCIENCE & BEHAVIOR



OPENING THEMES

Many students have encountered the material in this unit before, either in biology or in high school psychology. The trick, then, is to make this material clear but also different enough in orientation from what they learned earlier so that it will engage their interest. To the extent that you are comfortable, enhance your lectures with material that has clinical relevance, such as information on brain disorders, psychological disorders involving neurotransmitter abnormalities, and applications to areas such as child development, aging, or gender differences.

Begin by pointing out that the early lectures in the course focus on biology, including human anatomy and the physiology of the nervous system and related structures. Unlike a biology course, this course will emphasize the connections between biology and behavior.
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Learning Objectives

2-1
Understand the significance of the biology that underlies behavior and identify reasons 

why psychologists study these biological underpinnings, especially the brain and the 

nervous system.

2-2
Describe the structure of the neuron and its parts.
2-3
Describe the all-or-none law of neural transmission, the resting state and action potential 

of the neuron.
2-4
Describe the complete transmission of a message from initial stimulation to transmission 

across the synapse.
2-5
Name the key neurotransmitters and their functions and describe their known or 

suspected roles in behavior as well as in illnesses.
2-6
Describe the major divisions of the nervous system, including the central and the 

peripheral, the autonomic and somatic, and the sympathetic and parasympathetic 

divisions.
2-7
Outline the major developments in the evolution of the nervous system and describe the 

associated fields of evolutionary psychology and behavioral genetics.
2-8
Describe the function of the endocrine system, including the relationship to the 

hypothalamus and the functions of the pituitary glands.
2-9
Name the techniques used to map and study the brain.
2-10
Name the components of the central core and describe the functions of its individual parts.
2-11
Name the major areas of the limbic system and describe the roles of each area in 

behavior.
2-12
Name the major areas of the cerebral hemispheres, especially the lobes and the cortex 

areas, and describe the roles of each area in behavior.
2-13
Understand the concept of neuroplasticity and the fact that the brain can repair itself 

throughout life.
2-14
Discuss the issues involved with brain specialization, brain lateralization, and the split-

brain operation, including what has been learned about the two hemispheres from this 

procedure.
2-15
Discuss the differences in brain lateralization as influenced by gender and culture.
2-16
Describe how biofeedback can be used to control some of the basic biological processes.
STUDENT ASSIGNMENTS

Connect Psychology Activity: The Structure of Neurons

This interactivity provides a dynamic, interactive overview of the neuron. Students can control the strength of a stimulus to learn how impulses are triggered according to the all-or-none law. An animation of the synapse illustrates the release of neurotransmitters. 

The Study of the Nervous System in Psychology

Ask students the following questions about the study of the nervous system:

· Why does a course on psychology begin by examining the structures and function of the nervous system?

· Do a Google search to find cases of famous people who have suffered from nervous system disorders. Describe the nature of their disorder and how it affected their behavior when alive as well as whether it caused them to die prematurely.

· What is your interpretation of the quote “the brain is wider than the sky”?

The Neuron and the Synapse

Ask students the following questions:

· Do you think medications for psychological disorders are overprescribed? (This point can also be used as a discussion question in class.)

· What are the implications of the fact that neurons communicate across synapses rather than being directly hard-wired?

· What are the advantages of having neurons in the nervous system fire according to the all-or-none law?

Parts of the Nervous System

Have students complete Handout 2–1 on the parts of the nervous system.

Behavioral Genetics

Instruct students to visit the Human Genome Project Web site. The site www.ornl.gov/sci/techresources/Human_Genome/ publicat/primer/index.shtml is an excellent resource that provides good background information on the human genome. Have students locate and describe three genes related to psychological functioning.

The Endocrine System

Have students complete Handout 2–2 on the parts of the endocrine system.

How the Endocrine System Functions

Ask students to answer these questions:

· What is meant by negative feedback? How does the endocrine system ensure that hormones do not reach too high a level in our bodies?

· What do you think the significance is of the fact that the hypothalamus is a structure in both the nervous and the endocrine systems?

· In times of stress, how do the endocrine and autonomic nervous systems work together?

Connect Psychology Activity: Areas and Functions of the Brain
Students learn about the functions of major brain structures by clicking on a diagram that shows names, locations, and functions of brain structures. Applications to real-life situations are tested with a timed game-like test.

Connect Psychology Activity: Brain Lateralization
Functional differences between the left and right sides of the brain are illustrated along with an activity that gives students a chance to experience the effects of brain lateralization.

Connect Psychology Activity: Localization of Function—Second-Language Learning and Brain Plasticity

This activity demonstrates how experience influences the ways the brain processes language.  As students will see through a series of short videos and self-reflective quizzes, the age at which a person learns a language influences where in the brain vocabulary and grammatical rules are represented.

Parts of the Brain

Handouts 2–3 and 2–4 contain assignments on the parts of the brain.

General Questions about the Brain

Ask students the following questions:

· Can machines ever be designed that would “read our minds”? Why or why not?

· What might be the importance of the fact that the amygdala and the hippocampus, the centers for emotion and memory, are located close together and are both part of the “old brain”?

· How might the findings on neuroplasticity be applied to issues such as retraining older workers or helping brain-injured individuals recover lost functions?

Left Brain–Right Brain Questionnaire

Have students complete Handout 2–5 on whether they are “right brain” or “left brain” types.
LECTURE IDEAS

Helpful Hints for Students

Here are some ways to make it easier for students to remember the parts of the neuron. Some students will groan, but all of these hints will come in handy.
Dendrites: These structures resemble the branches of a tree.
Axon: The length of this structure can vary greatly; although most are several millimeters in length, some can be as long as three feet. As a hint, tell students that an ax can be used to cut a tree branch—i.e., a dendrite.
Cell Body: This structure is similar to parts of all other cells in the body (i.e., CELLs in BODY).
Terminal Buttons: These are small bulges that actually look like buttons (i.e., BUTTONS that are TERMINAL).
Myelin Sheath: This is a protective coating of fat and protein (just as a dress is also a SHEATH). The thicker it is, the faster the speed of transmission down the axon.

All-or-None Law

Discuss the implications of the all-or-none law, which states that intense stimuli result not in higher peaks but more frequent impulses. It is especially important to point out that the synapse is not a hard-wired connection between neurons. This means not only that neurons can be more flexible, but also that more can “go wrong” in the nervous system. Irregularities include situations in which there is too much neurotransmitter present in the synapse (as when cocaine stimulates dopamine receptors), too little (as with dopamine in Parkinson’s disease), or too much activity by reuptake enzymes (as with serotonin and psychological disorders such as depression and anxiety). Emphasize the importance of the receptor sites on the postsynaptic surface. Talk about the variety of neurotransmitters and the functions they serve in the nervous system and the fact that some neurotransmitters can have different effects (excitatory vs. inhibitory), depending on the area of the nervous system in which they are acting.

Image Gallery
Download the figures for this chapter from the Image Gallery on the Online Learning Center to supplement Power Point slides or lecture notes, in order to reinforce key chapter content. 
Helpful Hints for Students
Here are some hints as you go through this figure to give students to help them remember the terms.

· Autonomic nervous system: Think of automatic. This part of the nervous system controls actions that we do not think about and that happen outside our control.

· Sympathetic nervous system: Think of sympathetic. When we get emotional, or sympathetic, we experience arousal and stimulation, which are exactly the actions of this part of the autonomic nervous system.

· Parasympathetic nervous system:  Think of pear. When your parasympathetic nervous system is aroused, you can eat food, like a pear.

· Somatic nervous system:  Soma stands for body. The somatic nervous system is the “bodily” nervous system, meaning that it translates information received through the bodily senses and gives instructions to the muscles and glands. This may be a long explanation; but if they remember body, it will help them remember the term.

Negative Feedback in the Endocrine System

Describe the process of hormone secretion in terms of a negative feedback loop. The hypothalamus-pituitary axis regulates hormone production in the other glands of the endocrine system when the blood levels of a hormone become too low or when the hypothalamus is triggered to release a hormone that, in turn, will increase the production of hormones by other glands. The pancreas operates on a separate dimension to regulate glucose metabolism.

Hormonal Supplements

Ask students what they think of hormonal supplements such as steroids for body builders and athletes (there are many recent examples of this) and estrogen for women going through menopause. Some aging baby boomers are turning to growth hormone as the key to maintaining their youthful vitality. However, all these strategies carry risks. Are the dangers of steroid replacement and supplement use worth the possible harmful effects?

Overhead: Parts of the Brain

Use these definitions for the parts of the brain that relate to an image of the brain. There are a few brain images in the Image Library on the Online Learning Center to choose from. 
	Medulla


	Controls critical body functions, including breathing and heartbeat.

	Pons


	Transmits motor information. Coordinates muscles and integrates movement between the right and left halves of the body. Involved in the control of sleep.

	Cerebellum
	Helps maintain balance by monitoring feedback from the muscles to coordinate their placement, movement, and tension. Also involved in some cognitive functions. 

	Reticular formation 


	Activates other parts of the brain to produce general bodily arousal. During sleep, filters out background stimuli.

	Thalamus


	Relay station for information concerning the senses. Integrates information from higher parts of the brain to send to the cerebellum and medulla.

	Hypothalamus
	Maintains a steady internal environment for the body. Produces and regulates behavior critical to the survival of the species, such as eating, self-protection, and sex.

	Limbic system (amygdala, hippocampus, fornix)
	Serves basic functions relating to emotions and self-preservation, such as eating, aggression, and reproduction. Plays an important role in learning and memory.


Overhead: Parts of the Cortex
Download the figures for this chapter from the Image Gallery on the Online Learning Center to supplement Power Point slides or lecture notes, in order to reinforce key chapter content. 
You can use these definitions for the parts of the cortex that are depicted on the image of the cortex.
	Visual cortex


	Raw sensory input of images from the eyes is received in this area of the brain and transformed into meaningful stimuli. 

	Primary auditory cortex


	Responsible for the sense of hearing. Stimulation of this area results in the experience of sounds such as clicks or hums.

	Primary somatic sensory cortex
	Specific locations associated with the ability to perceive touch and pressure in a particular area of the body.

	Primary motor cortex


	Responsible for the body’s voluntary movement.



	Broca’s area


	Responsible for the production of speech.

	Wernicke’s area
	Responsible for the comprehension of speech.

	Frontal lobe
	Responsible for planning and judgment.


Helpful Hints for Students
Here are some hints to help students remember the terms. (Spoiler alert: The puns here are really bad—but effective!)
· Medulla:  Without breathing, you would be very dull.

· Pons: Pond’s hand cream is something you put on your hands, and it could help your muscles move.

· Cerebellum:  You need this for balance—Cere-(balance)-um.
· Reticular formation:  Like a military formation, this sends messages up and down within the brain.

· Thalamus:  You would throw a ball during a relay race. The thalamus is a relay station.

· Hypothalamus:  Sounds like homeostasis, which is the state of stability in the body’s internal environment.

· Limbic system:  When you dance the limbo, you feel happy (emotion function) and later remember having had a good time (memory function).
· Hippocampus: You’d remember if you saw a hippo while you were camping out in the woods.

· Broca’s area:  Think of Tom Brokaw, the long-time TV newscaster. Without speech, he wouldn’t have been able to announce the news.

· Wernicke’s area:  Not Broca’s area.

Biography of Roger Sperry (from Pettijohn’s Connectext) 
Roger Sperry was born August 20, 1913, in Hartford, Connecticut. He was awarded a Nobel Prize in physiology and medicine in 1981 for his more than 40 years of research on the brain. The prize was given specifically for his work on the split brain, in which he discovered that the two cerebral hemispheres of the brain had distinct functions. The left, usually the dominant side, is involved in reasoning, language, writing, and reading, whereas the right, or less dominant side, is more involved in nonverbal processes, such as art, music, and creative behavior.

In one of his most important studies, Sperry asked subjects who had undergone split-brain surgery to focus on the center of a divided display screen. The word key was flashed on the left side of the screen, while the word ring was projected on the right side. When asked what they saw, the split-brain patients answered ring but denied that any other word was also projected onto the screen. Only the word ring went to the speech center in the left hemisphere. Although the right hemisphere could not verbalize the information (the word key) that was projected on the left side of the screen, subjects were able to identify the information nonverbally. Sperry asked subjects to pick up the object just named without looking at it. If subjects were told to use their left hand, they could easily identify a key. However, if asked what they had just touched, they would respond ring.

Sperry received his PhD from the University of Chicago in 1941. He did his early research at the Yerkes Primate Laboratory and the National Institutes of Health before joining the staff of the California Institute of Technology in 1954 as Hixon Professor of Psychobiology. In his original studies of cats he found that the corpus callosum, or nerve bundle connecting the two cerebral hemispheres, was necessary for the transfer of information from one side of the brain to the other.

Sperry next began to study epileptic patients whose corpus callosum had been severed to prevent seizures. His research on the syndrome of hemisphere deconnection has contributed valuable information to the treatment of various brain disorders. Sperry continued to be an active researcher until his death in 1994.

Background on the Split Brain

Go to serendip.brynmawr.edu/bb/neuro/neuro03/web1/sfeidt.html, which documents various aspects of the split-brain phenomenon, including procedures for testing patients with split brains.

Go to www.indiana.edu/~pietsch/split-brain.html, which documents Gazzaniga’s work on split-brain patients.

Media Presentation Ideas

Dushkin Web Site: The Spinal Reflex

This Web site contains an animated illustration of the spinal reflex:  http://198.45.22.27/connectext/psy/  
This link will take you to the main page for the resource. When you are there, click on Resource List. This will take you to a page entitled Web-Based Learning Materials. When you are on this page, click on Figure. Spinal Reflex should be listed under Figure at the top of the page. 
Media Resources: Brain Plasticity

The Scientific American Frontiers video titled Make Up Your Mind includes a segment called “The Power of Half”. It presents the case of a young girl who was born with half of her brain after suffering a stroke in utero.  The fact that she is able to perform functions that are usually controlled by both the left and right halves of the brian illustrates the principle of brain plasticity. This video can be viewed at www.pbs.org/saf/1302/index.html. 

Another option is to show a documentary featuring an individual with a neurological disorder, or a scene from the movie Awakenings, in which patients suffered from encephalitis lethargica, can provide an extreme example of the impact that brain disease has on behavior. 

Popular Movies 
The Limbic System

A very funny scene that students will enjoy is the medulla oblongata take from the movie The Water Boy, in which the protagonist argues with his professor about the role of the brain in behavior. This is a short scene that will definitely lighten up the lecture. It also is a good scene to show because it is actually inaccurate; when they discuss the medulla oblongata as having a role in aggression and happiness, they are actually referring to the amygdala. 
Coping with Brain Damage
Other older movies illustrating people who must cope with brain damage are Regarding Henry and Rocky V. 
Dushkin Web Site: Interactive Diagram on the Brain: Lobes of the cerebral cortex
See this Web site for an interactive diagram on the lobes of the cerebral cortex: www.dushkin.com/connectext/psy/ch02/brain.mhtml.
This link will take you to the main page for the resource. When you are there, click on Resource List. This will take you to a page entitled Web-Based Learning Materials. When you are on this page, click on Interactive Figure. Lobes of the cerebral cortex should be listed under Interactive Figure at the top of the page. 
National Geographic Channel Resource

The video called Incredible Human Machine provides outstanding, if sometimes strange, animations and high-technology interior shots of the human body performing various functions. The video can be purchased at 

channel.nationalgeographic.com/episode/incredible-human-machine-3077/Overview#tab-Overview. 
There are also interactive activities and photos for downloading on the Web site.

HBO Documentary

The two-hour documentary Coma provides moving stories of individuals who are in a persistent vegetative state.  Although you would be unlikely to show the entire film, it can be segmented to illustrate specific stories. There also is extensive background information at www.hbo.com/docs/programs/coma/index.html. 
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