Chapter 4: Biology of Behavior

Learning Objectives

After studying the content of this chapter, studerts should be able 1o
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Outline the basic structure of the nerveus systeer. (pp. 85-87)

Describe the structures of the neuron and the action potential. (pp. §7-90)

Deescribe a synapse and the effects of synaptic tranimisason, and explain how & simple seural circult
transanits messages and the effects of nowomoduldors on this process. (pp. 90-93)

Drescribe methods for studying the brain snd for nasessing bradn damage. (pp. 96-99)

Dnscuas the evidence for the interacthon of heveditary and envinonmental factors on bruin developmen
{pp. $9-101)

Diescribe the primary sensory conex, primary moter corex, msog|stion corex, and ihe concept of
Imeralization of function. {pp. 102-106)

Dyescribe the functions of the fow lobes of the cercbral cortex and (he magical treatment of scizure
disorders. (pp. 106-108)

Diescribe the control of intermal functiens and automatic behavion by the braia stem, the corcbhellum, the
thalans, the hypothalamus, and the limbic syssem. (pp. 110-114)

Explain the effects of drugs that cause changes in symaptic ransenisaion o cawse sedation. (pp. 115-117)

4-10 Describe ihe effects of drugs that cause cxcitation, modify percepiions or produce hallecinations, and

4-11

describe payebotherapoutic druga. (pp. 117-119)
Evaluate the imponance of the distinction botween “physiological™ and “prychological” addiction.
(pp. 119-120)

Changes in the Fifth Edition

Several new and improved illustrations have boen added to the chapter

The chapter opons with a new vignetie, which ihutrates the relationhip between brais dumage and
chamges in bohanior,

The chapter kas been reorganized o place coverage of the sracture and fanction of the nervous sysiom
ﬂhmﬂhmﬂdﬂm muking for a more intorestng and logical introduction

to the relationship between biology and bebavior,
The coverage of ghal cells and their functions has boen expanded.

The new Bicdogy and Culture section features the jount roles of keredity and environment in shaping
train development.

The Evalwaring Scuwniific lsiuwes section now foouses on evidence for and against the hypothesis that
drug addiction is caused by physiclogical dependence (tolerance and withdrawal symptoms).

Coversgee of all drug-related topics and issues has been reorganized (o enhance student learning in this
el



CHAPTER-AT-A-GLANCE

Chapter OQutline

Instruction Ideas

Supplements

THE BRAIN AND ITS COMPONENTS (. 85)

Structure of the Mervous System

Lecture Tapics: 4.1-4.4
Demonstrations: 4, 1-4.2

Transparencies:
Biology 15, 14,7, 10, 11, 6,9

Calls of the Mervous System CDROM: 2.4, 2.7, 2.2, 2.3a
The Action Potentinl Major Divisions of the Nervous
Symapscs Syatent
A Simple Neural Circuit Bayic Sirwcture of tie Brain
Newromodulaters: Action ata Disiaece Mewrons: Thedr Basic Structire
Spnaptic Transmission

STUDY OF THE BRAIN (p. %) Lecture Topics: 4.5-4.7 | Transparencies:
Rescarch Methods of Physiological Psychology Demonstrations: 4.3 Biology 1, 13
Assessment of Damage to the Human Brain CNM 2:
Hivdogy avd Cultwre: Environmental Effects an The Mind's Eye

Brain Development
COMTROL OF BEHAVIOR (p, 102) Demonstrations: 4.4-4.6 | Transparencies:

Organization of the Cerebral Cortex

Lateralization of Function

Vision: The Occipital and Temporal Lobes

Audition: The Temporal Lobe

Spmatosensation and Spatial Perception: The
Paristal Lobe

Planming and Moving: The Frontal Lobe

Surgieal Treatment of Seizure Disorders

Biclogy 17, 18, 23
CMM 3: Brain Mappng
CD ROM: 2.8a, 2.8b, 2.9
Major Regions of the Cerebral
Clowriex
The Wernicke-Crescfneing
Muodel aof Husran Speech
Sowe Inrigning Effecis of
Severing the Corprs Callosum
Allyn & Bacon Video Library
The Behaving Brain
The Mind, Hidden and Divided
The Resporsive Braln
The Search for the Mind
Srates of Mind
The Teo Bralns

CONTROL OF INTERNAL FUNCTIONS
AND AUTOMATIC BEHAVIOR (p. 110)
The Brain Stem

The Cercbellum

Demonstration: 4.7

Transparencies:

Biglogy 16, 23-28, 2-4
CD ROM: 2.5, 2.10

The Aurenomic Nervous

Structures Within the Cercbral Hemispheres System
Locantan of the Endocrine
L el
DRUGE AND BEHAVIOR (p. 115) Lecture Topic: 4.8 CD ROM: 2.3k
Effects of Drugs on Synaptic Transmission Focus on Critical Drugs: How They faffuerce
Diugs That Cause Sedation Thinking Synapiic Treesmision

Drmugs That Coause Excittion

Drugs That Modify Perceptions or Produce
Hallucinations

Pavchatherapeutic Drugs

Evaluating Scientific lsues: “Physiological”
Versus “Psychalogical " Addiction

Allyn & Bacon Video Library,
Drug and Afeohol Toferance
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Chapter Overview

The chapter beging with a vignette that describes a woman who has had 5 strobe that impairs her ability 1o
uttend to perceplions arising from the left side of her body, This condition s known st unilateral neglect.
The stroke damaged the posterior portion of the right side of bor brain. Thans, the ability to perceive
information and the ability 1 attend 1o it are usder the control of different brain regions.

The frst secthon of the text describes the basic structure of the contral and peripheral pervous systems,
Meurons and their interactions are described after the basic structure and function of the nervous system;
sudents are better prepared to study symaptic ransmission and their excitatory and inhibitory efTects after
they have seen whal the nervous system accomplishes. Synaptic tranamission i discussed in some detail
because of the nature of addictive behavior and because of the importance that beological irterventions play
i the treatment of menial and behavior disorders

The secand section of the chaptor briclly describes laboratory rescarch methoda of physialogical
psychology aned the benelits it brain imaging systens have provided 1o the rescarch efforts of
experimental neuropsychologiag, The section entithed Biofogy and Culnere discusses the rode of
environmental stimali in the development of the nervous system. This section shows that the queition
“Nature o meture?” is inappeopriale.

The third section describes the argeniration of the corebral cortex iato the primary sersory cortex, the
motor conex, and the association conex. The hasic functions of the four lobes are described, along with
their interactions in porceiving cavironmental situstions and planning sctions.

The fourth section describes the control of intermal functions and sutomatic behaviors by the older
structurcs of the brain: the brain stem, the cercbelium, and the subcorical regions of the corcbral
hemigpheres.

The final section discusses the major calepories of drugs that affect behavior: drags that Canse sedation,
cause excitation (and reinforcsment), modify peroeptions, drugs thet or produce hallucinations, and are wsed
for psychotherapeutic purpases. The Evaluating Sclentific [towes section explaine why addiction is caused
by the reinforcing propentics of drugs and not by tolerance or withdrawal symptoms.

Lecture and Demonsiration Suggestions
The Brain and lts Components

Lecture Topic 4.1: Leading Of the Chapter

Your students may find the presence of 3 chapter o “tiolopy™ pursliag in o peychology textboox. An
elfective lead off for the chapler ix to point out cur tendency to take for granted the integrity and nonral
furctioning of the nervous system. Only when there is damage throogh siroke, diveate, or brain trauma do
we realize the importance of the norvous system. [ there is an example from your personal life that is
apropos here, such as a family member with a nourological discase, consider sharing i€ with your stusdents,
Students may add their own storbes as well to highlight te impornance of sdying “biolegy™ in a
paychology class.
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Lecture Topkc 4.2 The Velocily of Merve Impulses

I a millisecond timer is available with separate push button switches 1o contro starting and stopping, it is
possible 1o approximate Helmhboliz's measurement of the velocity of the nerve impulse. Choose a subject
and ask him or her to 1ake off a shoe and sock. Explain to the class that you will simultaneously touch the
subject’s big toe and start the timer, and that the subject will not be able w see you do this because his or
her eves will be closed. (Be sure that starting the timer does not make o sound, or you will be testing the
subject’s auditary reaction time. ) Ask the subject 1o press the bution 1 stop the timer as soon as the touch is
felt. Make the same messurement towching the subject’s finger and cheek. The differences in reaction times
mssociated with a near and a far touch can be anribaged primarily 1o tee time required for the nerve impulse
fo travel the distance between the two points. Also tell stedents that the number of synapses hetween the
sense receptor in the skin and primary somatosensory corlex is the same in both cases. Review the design
principles preseated in Chapier 2 by discussing design problems associated with praciice effects and the
necessity of counterbalancing repemed meaneres. Drop seme hings to gel the stadents 1o realize that we mis
assume that the vebocity of the action potential in the axons in both circuits must be the same for the
demonsiration to be valid.

Lecture Topic 4.3: The Action Potential a8 a Stadium Wave

Use “The Wave,” 2 popular sctivity at sport arenas, as an analogy for the action petential. Like "The
Wave" the action potential travels the length of the neuron; the neuron does not all al once experience the
action potential. To extend the analogy, suggest that right after people stand up in “The Wave," they musi
it down and wait (i.e., refractory period) in order to be prepared for the next go-around (ie., action
peotential).

Lecture Tapic 4.4: Monosynaptic Refllexes

The patellar reflex (knee jerk) is well-known (o most siedents. 1t is an example of 5 monosymaptic reflex
becouse there is only one synapse in the reflex arc, which is composed of afferent and efferent neurons. The
patellar reflex 1akes about 30 nulliseconds froam stam o Dish. 10 e brain became involved, with sensory
informeation going 1o the brain and then the molor message: om the baain going 1o the muscls, e response
would take about 200 milliseconds to complete, That™s a long time in the world of reflexes. It would take
longer for the same response 1o happen because the brain is multisynaptic and transmission of neural
information is more time consuming in the brain compared 1o the monosynaptic reflex arc of the spinal
cord, Consider using Demonstration 4.1 to illustrate the usefulness of a monosynaptic reflex.

Diemonsiration 4.1: Demonstrating the Riceps Sireich Heflex

To demonsirate the biceps stretch reflex, ask someone to stand, forearms held straight out, elbows clos to
the body and hands open. Ask the subject to close his or her eyes. Mext drop a book on the arms. The arms
should dip, then retum #o thieir original pesition. The weight of the books stretches the bicep, which
ultimately induces the reflexive shomening of the bicep. The arms return to their horizontal position befone
the brain has “realized’” what has happencd.

Demanstration 4.2 Heman Neuronal Chain

This activity demonstrates that iransmission of messages within the nervous sysiem s ol instantancous.,
With twenty students in a row, ask the last siedent to tap either shoulder of the next person and each
subsequent person (o continue the process through the entire line using the same shoulder and never
crossing the body de.g.. left hand o dght shoulder). Using & stopsatch, it becomes apparent that reacting to
a stimulas and the tramsmission of messages take some time,

For more detailed information, consult: Harcum, E. . Reaction time as a behavioral demonsiration of
neural mechanisms for a large introductory psychology class, Teaching of Pspchology, 1988, 15, 208-209,
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