BRAIN AND BEHAVI




3rain and Benavior

BRYAN KOLB

University of Lethbridge

IAN Q. WHISHAW

University of Lethbridge

WORTH PUBLISHERS



An Introduction to Brain and Behavior
© 2001 by Worth Publishers

All rights reserved.

Printed in the United States of America
ISBN: 0-7167-5169-0

Third Printing, 2002

Sponsoring Editor: Jessica Bayne

Marketing Manager: Renee Altier

Developmental Editors: Mary Marshall, Cele Gardner
Project Editor: Tracey Kuehn

Designer: Michael Mendelsohn

Art Director and Cover Designer: Barbara Reingold
Production Manager: Sarah Segal

Mllustration Coordinator: Bill Page

Photo Editors: Elyse Rieder, Karen Barr
Supplements and Media Editor: Graig Donini
[llustrations: J/B Woolsey Associates

Composition: TSI Graphics

Printer and Binder: R.R. Donnelley and Sons Co.

Cover art: Charles Yuen, Jug Boy, 1994 (oil painting, 48” x 76”)

No part of this book may be reproduced by any mechanical, photographic, or electronic

process, or in the form of a phonographic recording, nor may it be stored in a retrieval sys-

tem, transmitted, or otherwise copied for public or private use, without written permission

from the publisher.

Library of Congress Cataloging in Publication Data available upon request.

Worth Publishers
41 Madison Avenue
New York, New York 10010

www.worthpublishers.com



Preface

In the past decades, scientific understanding of the brain and human behavior has
grown exponentially. In this book we have tried to communicate the excitement of re-
cent breakthroughs in brain science and some of our own experiences in studying the
brain over the past 30 years. We have tackled this story by imagining ourselves as stu-
dents taking this first brain-science course, and we have tried to make sense of it by
structuring the text around the key questions we ask about the brain, both as students
and as neuroscientists: Why do we have a brain? How is it organized? How do drugs af-
fect our behavior? How does the brain learn? How does it think? Emphasizing these
and other basic questions about the brain will help to make clear our reasons for cov-
ering the information we do in this book. For example, if the reader realizes that we are
ultimately interested in how the brain understands language or music, the functioning
of the ear becomes more relevant because the ear is where auditory information enters
the brain. And asking fundamental questions about the brain has another important
benefit: It piques students’ interest in the subject they are studying and challenges them
to join us on the journey of discovery that is brain science.

Learning Aids That Distinguish This Book
Scientific Background Provided

We have tried to describe this journey in a way that students just beginning to study
the brain and behavior will be able to understand. We have found that this course can
sometimes be quite daunting, largely because information from all of the basic sci-
ences is needed to understand brain function. This can be both a surprise and a shock
to introductory students, who often come to the course lacking the necessary back-
ground. Many books provide their readers with little assistance in acquiring this back-
ground, assuming that students can simply jump right into the fray. But often that is
not possible or appropriate. This book takes a different approach to dealing with the
problem. It provides all the background students require to understand an introduc-
tion to brain science. For example, we provide the philosophical background needed to
understand modern evolutionary theory, and we offer a short introduction to chem-
istry before describing the chemical activities of the brain. Similarly, we briefly discuss
electricity before exploring the brain’s electrical activity. In these ways the student is
able to tackle brain science with greater confidence.

Teaching Through Metaphors, Examples, and Principles

We've tried to develop this book in a style that students will enjoy, for if a textbook is
not enjoyed, it has little chance of teaching well. We have heightened student interest in
the material they are reading particularly through abundant use of metaphors and ex-
amples. We have also facilitated learning by reemphasizing main points, and by distill-
ing out sets of principles about brain function that can serve as frameworks to guide
students’ thinking. For instance, Chapter 2 contains a discussion of eight key principles
explaining how the various parts of the nervous system work together. This set of prin-
ciples forms the basis of many later discussions in the book. Similarly, Chapter 15
provides a summary of major points extracted from the previous 14 core chapters of
the book. Students will find that reading and rereading this summary can help them
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understand and remember the broader themes and messages of the book. This sum-
mary will also help students put the key information in each chapter into a meaningful
context.

Abundant Chapter Pedagogy

In addition to the innovative teaching devices just described, you will find numerous
other pedagogical aids in every chapter. For instance, each chapter begins with both an
outline and an opening vignette that connects the world of brain and behavior to some
concrete experience. Within the chapters there are end-of-section reviews that help
students remember the major points, marginal pictures that add visual illustration of
concepts, and a marginal glossary that highlights and reinforces the definitions of im-
portant terms. Each chapter ends with a chapter summary organized around key ques-
tions, a list of additional questions to aid in review and preparation for tests, and a
number of provocative questions for further thought that explore interesting implica-
tions of chapter content. At the end of every chapter there is also a list of key terms
(with the page numbers on which those terms are defined in the book), an annotated
list of reccommended readings, and a list of on-line sources that can broaden a student’s
understanding of chapter topics.

Unique Illustration Program

Our most important learning aid you'll be able to see by simply paging through this
book. We have developed an expansive and, we believe, exceptional set of illustrations
which, hand in hand with our words, describe and illuminate the world of the brain. In
addition, the illustrations in every chapter are consistent and reinforce each other. For
example, in every picture we use the same color code for each aspect of the neuron,
and we often include an electronmicrograph image to show what a particular structure
actually looks like when viewed through a microscope. You will also find these images
on our Powerpoint presentations and integrated as labeling exercises in our study
guide and testing materials.

Our Integration of Certain Topics
Clinical Information

Instructors will find that the placement of some topics is novel relative to traditional
treatments. For example, we include brief descriptions of brain diseases close to dis-
cussions of basic processes that may involve those diseases. This placement is intended
to help the first-time student repeatedly see the close links between what they are
learning and real-life problems. The integration of real-life problems, especially behav-
ioral disorders, into every chapter is further accomplished by our many Focus on Dis-
orders boxes. These boxes typically employ interesting case studies to highlight specific
disorders that are related to a chapter’s content. We cover more than sixty disorders
from addiction to Tourette’s syndrome (a complete list of these discussions is pre-
sented in Table 15-2 on page 586). Our capstone Chapter 15 includes in-depth cover-
age of schizophrenia and affective disorders, along with a discussion of treatments,
causes, and classifications of abnormal behavior.

The Relationship of the Brain to Behavior

We feature the relationship between the brain and behavior in every chapter. For ex-
ample, when we first describe how neurons communicate, we also describe how plas-
ticity in connections between neurons can serve as the basis of learning. Later, in the
chapter directed to the question of how we learn, we explore how interactions between
different parts of the brain enable our more complex behaviors, a topic that is usually
reserved for a discussion of cognitive processes.



Research Methods

Some instructors may be surprised that we have not included a separate chapter on re-
search methods. The reason is that the subject of research methods has also been inte-
grated throughout the book. We believe that research methods are best understood in
the context of what they are used for. We've included coverage of more than twenty
methods (for a complete list, see Table 15-1 on page 585), many of which are accompa-
nied by an illustration in the text and an animation on the accompanying CD-ROM.
For instance, in describing how a neuron works, we explore how scientists record the
electrical activity of the neuron. When we discuss how humans think, we examine the
techniques of medical imaging that researchers use to see the brain in the act of think-
ing. And when answering the question of what motivates behavior, we delve into the
research methods of producing brain lesions or electrically stimulating the brain. In
these ways the uses of a particular method are made more meaningful to students.

Areas of Emphasis
Big-Picture Issues

One of the challenges in writing an introductory book on any topic is to decide what to
include and what to exclude. We have organized discussions so as to focus on the big-
ger picture. A prime example is the discussion of general principles of nervous system
function contained in Chapter 2. Although such a set of principles may be a bit arbi-
trary, it nevertheless gives students a useful framework for understanding the brain’s
activities. Similarly, in later chapters of this text we tackle topics in a more general way
than most contemporary books do. For instance, in Chapter 11 we revisit the experi-
ments and ideas of the 1960s as we try to understand why animals behave the way they
do, after which we consider behaviors as diverse as drinking and anxiety attacks. An-
other example of our focus on the larger picture is our discussion of learning and
memory, which occurs alongside a discussion of recovery from brain damage. We be-
lieve that such a broader focus helps students appreciate the larger problems that be-
havioral neuroscience is all about. Of course, broadening our focus has required us to
leave out some of the details that might be found in other texts. But for us, discussions
of larger problems and issues in the study of brain and behavior are more interesting
for, and more likely to be remembered by, the student who is new to this field.

The Relevance of Neuroscience

Throughout this book we have repeatedly emphasized that neuroscience is a human
science — that everything in this book is relevant to our lives. Neuroscience helps us
understand how we learn, how we develop, and how we can help people who suffer
from sometimes deadly and destructive brain and behavioral disorders. We have
found that emphasizing the clinical aspects of neuroscience is especially useful in mo-
tivating introductory students and in demonstrating to them the relevance of our
field. Clinical material helps to make neurobiology particularly relevant to those who
are going on to careers in psychology, social work, or other mental-health-related
professions, as well as to students pursuing careers in the biological sciences. That is
why we have not only integrated clinical information throughout this text and fea-
tured it in our Focus on Disorders boxes, but have also expanded upon it in our final
chapter (Chapter 15).

The Biological Basis of Behavior

Another area of emphasis in this book is a focus on questions that relate to the biolog-
ical basis of behavior. For us, the excitement of neuroscience is in understanding how
the brain explains what we do, whether it be talking, sleeping, seeing, or learning.
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Readers will therefore find nearly as many illustrations about behavior as there are
illustrations about the brain. This emphasis on explaining behavior is another reason
why we have included three boxes on neurological disorders in every chapter.

Evolution, Genetics, and Psychopharmacology

We wanted to make sure that this book reflected the excitement of current neuro-
science, as we understand it as active researchers. Therefore, we have given emphasis to
coverage of evolution, genetic research, contemporary research methods, and psycho-
pharmacology. We cover the evolution of the brain in depth in Chapters 1 and 2 and
return to this perspective in almost every chapter. The foundations of genetic research
is introduced in depth in Chapter 3, but we discuss genetics in many other places in the
text. You'll find the newest research methods throughout the book, with PET in Chap-
ter 9, fMRI in Chapters 11 and 14, TMS in Chapter 14, and ERP in Chapter 4. We have
an entire chapter on drugs and behavior (Chapter 6), but we return to the topic in
many chapters, with coverage of drugs and information transfer in Chapter 4, drugs

and cellular communication in Chapter 5, drugs and motiva-

Evolution of the neuron, the brain, and hominids Chapter 1

Evolution of the human brain
Evolution of the synapse

Evolution of geniculostriate and tectopulvinar
pathways

Evolution of thought and language

Evolutionary and environmental influences
on thought and language

Evolutionary theories of sleep and dreaming

Evolution of spacial cognition, language,
and sex differences

COVERAGE OF THE EVOLUTION OF THE BRAIN tion in Chapter 11, drugs and sleep disorders in Chapter 12,
and cellular changes with drug use in Chapter 13.

Chapter 2
Chapter 5 COVERAGE OF GENETICS

Genes, cells, and behavior Chapter 3
Chapter 8

Metabotropic receptors and DNA Chapter 5
Chapter 9 ;

Learning and genes Chapter 5
Chapter 11 Genes and drug action Chapter 6
Chapter 12 Genes and development Chapter 7

Genetics of color vision Chapter 8
Chapter 14 Genetics of sleep disorders Chapter 12

Current Research

Finally, in this book we emphasize the findings of current research. You will not, how-
ever, find a great many citations embedded in the chapter discussions. We feel that nu-
merous citations can sometimes disrupt the flow of a text and distract students from
the task of mastering what they read. We have consequently been selective in our cita-
tion of the truly massive literature on the brain and behavior. We provide citations to
classic works by including the names of the researchers, and sometimes their pictures,
and by mentioning where the research was performed. In areas where there is contro-
versy or new breakthroughs, we also include more detailed citations to current papers,
citing papers from the year 2000 when possible. A reference list to all of the literature
used in developing this text is provided at the end of the book.

Supplements

A number of student and instructor materials are available to supplement our book.
You'll find the innovative Foundations of Behavioral Neuroscience CD-ROM in-
side the back cover of this book. Created by Uri Hasson from the Weizmann Institute
in Israel and Yehuda Shavit from Hebrew University of Jerusalem and produced by the
Open University of Israel, this CD includes five modules: Research Methods, Neural
Communication, Vision, Movement, and the Central Nervous System. References to
this CD (and to the book’s Web site, described below) appear in the margins of each



chapter, pointing to places where the text discussion is enhanced by a video clip or an
animation. The CD features rotating 3-D models of the human brain and eye, more
than twenty-five video clips, animations of key physiological mechanisms, and inter-
active examples of new neuroimaging technology. It also includes multiple-choice
questions for each chapter of the text.

A Web site, found at www.worthpublishers.com/kolb, with material provided by
Keith Trujillio of California State University at San Marcos, offers a variety of simula-
tions, video clips, tutorials, and quizzes. It is updated periodically with new links, exer-
cises, and developments in neuroscience. For the instructor, the site offers on-line
testing, a syllabus posting service, Web site building service, Powerpoint presentation
files, and access to electronic versions of the artwork from the book.

The Instructor’s Manual, written by Debora Baldwin of the University of Ten-
nessee, Knoxville, contains lecture suggestions, lab activities, and handouts for student
projects. Course planning suggestions, ideas for term projects, and a guide to videos
and Internet resources are also included.

A battery of more than 2000 test questions is available in a Test Bank written by
Robert Sainsbury of the University of Calgary. The Test Bank provides true/false, mul-
tiple-choice, short-answer, and essay questions, as well as labeling exercises tied to the
art in the text. Each question is keyed to a learning objective and page-referenced to the
textbook. The Test Bank is also available on a dual-platform CD-ROM, which allows
instructors to quickly add, edit, re-format, and re-sequence questions. The CD is also
the access point for Diploma On-line Testing, which allows instructors to create and
administer secure exams over a network and over the Internet,

The Student Study Guide, written by Terry Bazzett of the State University of New
York at Geneseo, is a carefully crafted guide with multiple tools for learning and retain-
ing text material. Each chapter includes a review of key concepts, terms, practice tests,
short-answer questions, illustrations for labeling and identification, Internet activities,
CD-ROM questions, and crossword puzzles,

Other helpful supplements for instructors include the transparency package,
available as traditional acetates as well as on-line in our Web site. There is also a library
of videos, including a collection of Scientific American Frontiers segments on the
brain and behavior featuring the work of Irene Pepperberg, Steve Pinker, and Linda
Bartoshuk, as well as the revised second editions of both The Brain and The Mind
Video Teaching Modules, updated by Frank Vattano and his colleagues at Colorado
State University.
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Twelve years ago, | survived a serious head injury. In the sec-
ond it took for my car to crash head-on, my life was perma-
nently changed, and | hecame another statistic in what has
been called “the silent epidemic.”

During the next months, my family and | began to un-
derstand something of the reality of the experience of head
injury. | had begun the painful task of recognizing and ac-
cepting my physical, mental, and emotional deficits. |
couldn't taste or smell. | couldn't read even the simplest
sentence without forgetting the beginning before | got to the
end. | had a hair-trigger temper that could ignite instantly
into rage over the most trivial incident.

During the first year, | could not take too much stimu-
lation from other people. My brain would simply overload,
and | would have to go off into my room to get away. Noise
was hard for me to take, and | wanted the place to be kept
quiet, which was an impossibility in a small house with
three youngsters in it. | remember laying down some impos-
sible rules for all of us. For example, | made rules that
everybody had to be in bed by 9:30 pm, that all lights had to
be out, and that no noise of any kind was permitted after
that time. No TV, radios, or talking was allowed. Eventually
the whole family was in an uproar.

Two years after my injury, | wrote a short article:
“What Does It Feel Like to Be Brain Damaged?” At that
time, 1 was still intensely focusing on myself and my own
struggle. (Every head-injured survivor | have met seems to
go through this stage of narcissistic preoccupation, which
creates a necessary shield to protect them from the painful
realities of the situation until they have a chance to heal.)
I had very little sense of anything beyond the material world
and could only write about things that could be described
in factual terms. | wrote, for example, about my various im-
pairments and how | learned to compensate for them by a
variety of methods.

At this point in my life, I began to involve myself with
other brain-damaged people. This came about in part after
the publication of my article. To my surprise, it was reprinted
in many different publications, copied, and handed out to
thousands of survivors and families. It brought me an enor-
mous outpouring of letters, phone calls, and personal visits
that continue to this day. Many were struggling as | had strug-
gled, with no diagnosis, no planning, no rehabilitation, and
most of all, no hope.

The far-ranging effects of head injury on the survivor's
life and that of his or her family cannot be overemphasized.
In my own case | realize that it was for me the single most

significant event of my lifetime. The catastrophic effect of
my injury was such that | was shattered and then remolded
by the experience, and | emerged from it a profoundly
different person with a different set of convictions, values,
and priorities. Above all, | have learned that there is no
limit to the power of faith, hope, and love. With these, |
made the journey out of the shadows into a larger, brighter
world than the one | had left behind before my injury.
(Linge, 1990)

his description of what it is like to be brain injured

was written by Fred Linge, a clinical psychologist

with a degree in brain research. (For an explanation
of how the brain can be injured in an accident, see
“Closed Head Injury” on page 2.) In the years after his in-
jury, Linge made an immense journey. He traveled from a
time before the car crash, when he gave less thought to
the relation between his brain and his behavior than he
did to the way in which he dressed. At the end of the jour-
ney, thoughts about his brain and his behavior dominated
his life. He became a consultant and advisor to many peo-
ple who also had suffered brain injury.

Most of you are like Fred Linge before he took that
journey. Your brain does its work so efficiently and unob-
trusively that you hardly give it any thought. You may be
unaware that the human brain has hundreds of parts, each
of which participates in certain tasks. You may have no
knowledge that the brain changes as you age, as you un-
dergo major life events, and even as you engage in seem-
ingly trivial behaviors, such as reading the words on this
page. In learning about the origins of the universe, the
world, and human beings, you may have encountered no
mention of the brain and its relation to behavior. Yet, if you
ever had first-hand experience with brain damage, you,
too, would be confronted with the workings of this most
wonderful and complex machine.

The purpose of this book is to take you on a journey
not unlike the one that Fred Linge took. Through it you,
too, will come to understand the link between brain and
behavior. Of course, we do not ask that you experience
brain damage to undertake this journey. The road that we
offer is simply one of information and discovery. Yet, along



CHAPTER 1

Closed Head Injury
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Closed head injury results from a (A)
blow to the head that subjects the
brain to a variety of forces. First, the
force exerted on the skull at the site
of the blow causes bruising (contu-
sion) known as a “coup.” Second,
the blow may force the brain
against the opposite side of the
skull, additional

bruise called a “countercoup” (see

producing an
the accompanying illustration).
Third, the movement of the brain “\
may cause a twisting or shearing of
nerve fibers, causing microscopic
lesions. Such lesions may be found
throughout the brain, but they are most common in the
frontal and temporal lobes. Fourth, the bruises and strains
caused by the impact may produce bleeding (hemorrhage).
Because the blood is trapped within the skull, it acts as a
growing mass (hematoma), which exerts pressure on sur-
rounding brain regions. Finally, like blows to other parts of
the body, blows to the brain produce swelling (edema). This
swelling, which is a collection of fluid in and around dam-
aged tissue, is another source of pressure on the brain.
People who sustain closed head injury often lose con-
sciousness because the injury affects fibers in lower parts of
the brain that are associated with waking. The severity of
coma can indicate the severity of the injury. Closed head in-

juries resulting from motor vehicle accidents are particularly

it, you will find that much of the evidence that we have
about the brain and behavior comes from the study of
changes in people who have suffered brain injury. At the
same time, we are also learning more and more about
how the brain works when we are healthy. This emerging
knowledge is changing how we think about ourselves,
how we structure education and our social interactions,
and how we aid those with brain injury.

(B)

A variety of mechanical
forces cause closed head
injuries as a result of a
blow to the head.

The damage at the site of impact is
called a coup (shown in pink).

Direction of blow —= 3

The pressure resulting from a coup may
produce a countercoup on the opposite
side of the brain (shown in blue).

Movement of the brain may shear nerve
fibers, causing microscopic lesions, especially
in frontal and temporal lobes. Blood trapped
in the skull (hematoma) and swelling (edema)
cause pressure on the brain.

Shading (pink and blue) indicates regions of the brain most
frequently damaged in closed head injury. A blow can
produce a contusion both at the site of impact and at the
opposite side of the brain owing to compression of the
brain against the front (A) or back (B) of the skull.

severe because the head is moving when the blow is struck,
thereby increasing the velocity of the impact.

The diffuse effects of closed head injuries make diagno-
sis very difficult, which is why these kinds of injuries have
been collectively called a “silent epidemic.” Victims of se-
vere closed head injury can suffer serious repercussions in
their everyday lives. Like Fred Linge, many have difficulty re-
turning to their former levels of functioning, including carry-

ing out their previous jobs.

In this chapter, we answer the question, What are the
origins of brain and behavior? We begin by defining both
the brain and behavior and outlining the nervous system’s
basic structure. We then look at how people through his-
tory have viewed the relation between brain and behavior,
starting with the mentalistic perspective of Aristotle and
progressing to the biological perspective of today. With

this background in mind, we explore the evolution of



