



Submit Search


Upload
Biopsychology e-book.pdf
•
6 likes•28,268 views

A
AshleyAnnBayacaFollow
This is an e-book for a  Biopsychology textbook.Read less

Read more
Science




Report
Share








Report
Share



1 of 608Download NowDownload to read offline









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Recommended
An Introduction to Biopsychology
An Introduction to BiopsychologyHelping Psychology 


History of biopsychology/Physiological Psychology
History of biopsychology/Physiological PsychologyShailesh Jaiswal 


Health psychology;Definition, areas,Aims, Need & Significance|Aboutpsy.com
Health psychology;Definition, areas,Aims, Need & Significance|Aboutpsy.comAboutPsy  


Physiological psychology
Physiological psychologyEdward Rogers 


Historical background health psychology lecture 
Historical background health psychology lecture aishaparacha2 


Biological approach
Biological approachsssfcpsychology 


Introduction to Physiological Psychology
Introduction to Physiological PsychologyMingMing Davis 


Unit 1, Clinical Psychology
Unit 1, Clinical Psychologyc.meza 










What's hot
Physiological psychology
Physiological psychologyShailesh Jaiswal 


Biological perspective
Biological perspectiveRustamAli44 


Perspectives in modern psychology
Perspectives in modern psychologyCol Mukteshwar Prasad 


Evolution of human brain & mind
Evolution of human brain & mindDevashish Konar 










What's hot
Indigenous Psychology: Incorporating “Culture” in Psychology Research
Indigenous Psychology: Incorporating “Culture” in Psychology ResearchHora  Tjitra 


Introduction To Clinical Psychology
Introduction To Clinical Psychologyrenjmat 


History Of Cognitive Psychology
History Of Cognitive PsychologyAli Hasan 


Contribution of E.B. Titchener in Structuralism
Contribution of E.B. Titchener in StructuralismSimrat Simrat 










What's hot
Biological approach in psychology
Biological approach in psychologyDarya Rostam 


Positive psychology
Positive psychologySaurabhChavan54 


Bio psychology
Bio psychologynoor_faiza 


AS The biological model of abnormality
AS The biological model of abnormalityJill Jan 










What's hot
History of abnormal psychology
History of abnormal psychologyAlex Vellappally 


Evolution of DSM
Evolution of DSMANVESH CHAUHAN 


Sex and brain 
Sex and brain Aulrhick Yhu 


Normality  & Mental health
Normality  & Mental healthprash2104 










More Related Content
What's hot
Physiological psychology
Physiological psychologyShailesh Jaiswal 



Biological perspective
Biological perspectiveRustamAli44 



Perspectives in modern psychology
Perspectives in modern psychologyCol Mukteshwar Prasad 



Evolution of human brain & mind
Evolution of human brain & mindDevashish Konar 



Indigenous Psychology: Incorporating “Culture” in Psychology Research
Indigenous Psychology: Incorporating “Culture” in Psychology ResearchHora  Tjitra 



Introduction To Clinical Psychology
Introduction To Clinical Psychologyrenjmat 



History Of Cognitive Psychology
History Of Cognitive PsychologyAli Hasan 



Contribution of E.B. Titchener in Structuralism
Contribution of E.B. Titchener in StructuralismSimrat Simrat 



Biological approach in psychology
Biological approach in psychologyDarya Rostam 



Positive psychology
Positive psychologySaurabhChavan54 



Bio psychology
Bio psychologynoor_faiza 



AS The biological model of abnormality
AS The biological model of abnormalityJill Jan 



History of abnormal psychology
History of abnormal psychologyAlex Vellappally 



Evolution of DSM
Evolution of DSMANVESH CHAUHAN 



Sex and brain 
Sex and brain Aulrhick Yhu 



Normality  & Mental health
Normality  & Mental healthprash2104 



History of Psychology: Historical roots 1
History of Psychology: Historical roots 1Catina Feresin 



problems of psychophysics for psychology students
problems of psychophysics for psychology studentsDr Rajesh  Verma 



Assessments in clinical settings
Assessments in clinical settingsSundas Paracha 



Biological perspective
Biological perspectivePriteshinde 





What's hot (20)
Physiological psychology
Physiological psychology 


Biological perspective
Biological perspective 


Perspectives in modern psychology
Perspectives in modern psychology 


Evolution of human brain & mind
Evolution of human brain & mind 


Indigenous Psychology: Incorporating “Culture” in Psychology Research
Indigenous Psychology: Incorporating “Culture” in Psychology Research 


Introduction To Clinical Psychology
Introduction To Clinical Psychology 


History Of Cognitive Psychology
History Of Cognitive Psychology 


Contribution of E.B. Titchener in Structuralism
Contribution of E.B. Titchener in Structuralism 


Biological approach in psychology
Biological approach in psychology 


Positive psychology
Positive psychology 


Bio psychology
Bio psychology 


AS The biological model of abnormality
AS The biological model of abnormality 


History of abnormal psychology
History of abnormal psychology 


Evolution of DSM
Evolution of DSM 


Sex and brain 
Sex and brain  


Normality  & Mental health
Normality  & Mental health 


History of Psychology: Historical roots 1
History of Psychology: Historical roots 1 


problems of psychophysics for psychology students
problems of psychophysics for psychology students 


Assessments in clinical settings
Assessments in clinical settings 


Biological perspective
Biological perspective 






Similar to Biopsychology e-book.pdf
1. Biopsicologa (Pinel_ 2007)(9).pdf
1. Biopsicologa (Pinel_ 2007)(9).pdfNoeliaBruna2 



Brain-Behavior-Easy-Intro_Neuropsychology.pdf
Brain-Behavior-Easy-Intro_Neuropsychology.pdfVibhaVerma45 



Prologue blog and  quizlet
Prologue blog and  quizletCurtis_Hunter 



PSY285 Chapter 6
PSY285 Chapter 6shawm3 



An introduction to structural and functional neuroimaging.pdf
An introduction to structural and functional neuroimaging.pdfFiona Phillips 



An introduction to structural and functional neuroimaging.pdf
An introduction to structural and functional neuroimaging.pdfAmy Isleb 



Prologue
PrologueKristal HOfer 



Ch1 ppt
Ch1 pptNicole Talbot 



Neuroethics: Two traditions at the intersection of mind, meaning, and morality
Neuroethics: Two traditions at the intersection of mind, meaning, and moralityThe Hastings Center 



Cholinergic transmission in CNS -An Overview
Cholinergic transmission in CNS -An OverviewVijaya Kumar 



Chapter1
Chapter1Maria Angela Leabres-Diopol 



Overview Write a 2–3-page assessment in which you respond to a ser.docx
Overview Write a 2–3-page assessment in which you respond to a ser.docxkarlacauq0 



Disadvantages Of Bclofen
Disadvantages Of BclofenJessica Hill 



Psychology Ppt
Psychology PptDana Tuazon 



Brainbonanza 2.3. Breathing and Autonomic Nervous System
Brainbonanza 2.3. Breathing and Autonomic Nervous SystemEric Serejski 



Pacitane nanoparticles drug release for brain disorder
Pacitane nanoparticles drug release for brain disorderIJSRED 



An Introduction to Psychology.pdf
An Introduction to Psychology.pdfHngVVn13 



(1) George Fink - Stress_ Neuroendocrinology and Neurobiology_ Handbook of St...
(1) George Fink - Stress_ Neuroendocrinology and Neurobiology_ Handbook of St...EricksonArthur 



Susan Gordon, PhD  Vitae
Susan Gordon, PhD  VitaeSusan Gordon 



King1 Ppt Ch01 3
King1 Ppt Ch01 3clyoungsey 





Similar to Biopsychology e-book.pdf (20)
1. Biopsicologa (Pinel_ 2007)(9).pdf
1. Biopsicologa (Pinel_ 2007)(9).pdf 


Brain-Behavior-Easy-Intro_Neuropsychology.pdf
Brain-Behavior-Easy-Intro_Neuropsychology.pdf 


Prologue blog and  quizlet
Prologue blog and  quizlet 


PSY285 Chapter 6
PSY285 Chapter 6 


An introduction to structural and functional neuroimaging.pdf
An introduction to structural and functional neuroimaging.pdf 


An introduction to structural and functional neuroimaging.pdf
An introduction to structural and functional neuroimaging.pdf 


Prologue
Prologue 


Ch1 ppt
Ch1 ppt 


Neuroethics: Two traditions at the intersection of mind, meaning, and morality
Neuroethics: Two traditions at the intersection of mind, meaning, and morality 


Cholinergic transmission in CNS -An Overview
Cholinergic transmission in CNS -An Overview 


Chapter1
Chapter1 


Overview Write a 2–3-page assessment in which you respond to a ser.docx
Overview Write a 2–3-page assessment in which you respond to a ser.docx 


Disadvantages Of Bclofen
Disadvantages Of Bclofen 


Psychology Ppt
Psychology Ppt 


Brainbonanza 2.3. Breathing and Autonomic Nervous System
Brainbonanza 2.3. Breathing and Autonomic Nervous System 


Pacitane nanoparticles drug release for brain disorder
Pacitane nanoparticles drug release for brain disorder 


An Introduction to Psychology.pdf
An Introduction to Psychology.pdf 


(1) George Fink - Stress_ Neuroendocrinology and Neurobiology_ Handbook of St...
(1) George Fink - Stress_ Neuroendocrinology and Neurobiology_ Handbook of St... 


Susan Gordon, PhD  Vitae
Susan Gordon, PhD  Vitae 


King1 Ppt Ch01 3
King1 Ppt Ch01 3 









Recently uploaded
GOOD JOURNAL guideline panduan penulisan proposal dan jurnal .pptx
GOOD JOURNAL guideline panduan penulisan proposal dan jurnal .pptxSyahyuti Si-Buyuang 



UKRAINIAN Kyiv Institute of Thermophysics Memorandum_English.pdf
UKRAINIAN Kyiv Institute of Thermophysics Memorandum_English.pdfThane Heins 



21cm cosmology with machine learning (Review))
21cm cosmology with machine learning (Review))Hayato Shimabukuro 



Lecture 9 .Parasympathetic agents.b pharmacy second year
Lecture 9 .Parasympathetic agents.b pharmacy second yearmanjusha kareppa 



Sucking Insect pests of rice, Identification, Binomics, Integrated Pest Manag...
Sucking Insect pests of rice, Identification, Binomics, Integrated Pest Manag...PirithiRaju 



Employability presentation for PSP3 module
Employability presentation for PSP3 modulemattellis82 



Role of mobile/ internet based software in modern fruit production & management.
Role of mobile/ internet based software in modern fruit production & management.shivamsinghaniya2 



Inroduction to LIPOSOMES & NIOSOMES.pptx
Inroduction to LIPOSOMES & NIOSOMES.pptxHarshadaa bafna 



The solar system (consists of all planets).pptx
The solar system (consists of all planets).pptxribhujena80 



Next-Generation Safety Assessment Tools for Advancing In Vivo to In Vitro Tra...
Next-Generation Safety Assessment Tools for Advancing In Vivo to In Vitro Tra...InsideScientific 



Introduction to ARBOVIRUS AND BACULOVIRUS
Introduction to ARBOVIRUS AND BACULOVIRUSaishnasrivastava 



Std 10 Science_Most important questions.pdf
Std 10 Science_Most important questions.pdfShivani  



Disease Resistance in plants : Detailed insights on Plant- Pathogen Interaction
Disease Resistance in plants : Detailed insights on Plant- Pathogen Interactionaishnasrivastava 



Explainable neural networks for evaluating patterns of climate change and var...
Explainable neural networks for evaluating patterns of climate change and var...Zachary Labe 



CHEMICAL TESTS FOR GLYCOSIDES AND ALKALOIDS.pptx
CHEMICAL TESTS FOR GLYCOSIDES AND ALKALOIDS.pptxASWIN ANANDH 



Indigenous Science and Technology in the Philippines
Indigenous Science and Technology in the PhilippinesCatherineLadinesLago 



Glycolysis Pathway
Glycolysis PathwayProf. Sanket P.  Shinde 



Introducing the Exoplanet Escape Factor and the Fishbowl Worlds (Two conceptu...
Introducing the Exoplanet Escape Factor and the Fishbowl Worlds (Two conceptu...Sérgio Sacani 



Modern Prospects of Nano science and their advancement in plant disease manag...
Modern Prospects of Nano science and their advancement in plant disease manag...sunilsuriya1 



Light microscopy.pptx bright dark phase contrast microscope
Light microscopy.pptx bright dark phase contrast microscopeDarshanN65 





Recently uploaded (20)
GOOD JOURNAL guideline panduan penulisan proposal dan jurnal .pptx
GOOD JOURNAL guideline panduan penulisan proposal dan jurnal .pptx 


UKRAINIAN Kyiv Institute of Thermophysics Memorandum_English.pdf
UKRAINIAN Kyiv Institute of Thermophysics Memorandum_English.pdf 


21cm cosmology with machine learning (Review))
21cm cosmology with machine learning (Review)) 


Lecture 9 .Parasympathetic agents.b pharmacy second year
Lecture 9 .Parasympathetic agents.b pharmacy second year 


Sucking Insect pests of rice, Identification, Binomics, Integrated Pest Manag...
Sucking Insect pests of rice, Identification, Binomics, Integrated Pest Manag... 


Employability presentation for PSP3 module
Employability presentation for PSP3 module 


Role of mobile/ internet based software in modern fruit production & management.
Role of mobile/ internet based software in modern fruit production & management. 


Inroduction to LIPOSOMES & NIOSOMES.pptx
Inroduction to LIPOSOMES & NIOSOMES.pptx 


The solar system (consists of all planets).pptx
The solar system (consists of all planets).pptx 


Next-Generation Safety Assessment Tools for Advancing In Vivo to In Vitro Tra...
Next-Generation Safety Assessment Tools for Advancing In Vivo to In Vitro Tra... 


Introduction to ARBOVIRUS AND BACULOVIRUS
Introduction to ARBOVIRUS AND BACULOVIRUS 


Std 10 Science_Most important questions.pdf
Std 10 Science_Most important questions.pdf 


Disease Resistance in plants : Detailed insights on Plant- Pathogen Interaction
Disease Resistance in plants : Detailed insights on Plant- Pathogen Interaction 


Explainable neural networks for evaluating patterns of climate change and var...
Explainable neural networks for evaluating patterns of climate change and var... 


CHEMICAL TESTS FOR GLYCOSIDES AND ALKALOIDS.pptx
CHEMICAL TESTS FOR GLYCOSIDES AND ALKALOIDS.pptx 


Indigenous Science and Technology in the Philippines
Indigenous Science and Technology in the Philippines 


Glycolysis Pathway
Glycolysis Pathway 


Introducing the Exoplanet Escape Factor and the Fishbowl Worlds (Two conceptu...
Introducing the Exoplanet Escape Factor and the Fishbowl Worlds (Two conceptu... 


Modern Prospects of Nano science and their advancement in plant disease manag...
Modern Prospects of Nano science and their advancement in plant disease manag... 


Light microscopy.pptx bright dark phase contrast microscope
Light microscopy.pptx bright dark phase contrast microscope 








Biopsychology e-book.pdf

	1. Biopsychology
Eighth Edition
John P.  J. Pinel
University of British Columbia
Allyn & Bacon
Boston Columbus Indianapolis New York San Francisco Upper Saddle River
Amsterdam Cape Town Dubai London Madrid Milan Munich Paris Montreal Toronto
Delhi Mexico City Sao Paulo Sydney Hong Kong Seoul Singapore Taipei Tokyo
 


	2. Editor in Chief:  Jessica Mosher
Executive Editor: Susan Hartman
Editorial Assistant: Laura Barry
Marketing Manager: Nicole Kunzmann
Senior Production Project Manager: Roberta Sherman
Manufacturing Buyer: Debbie Rossi
Cover Administrator: Joel Gendron
Editorial Production and Composition Service: Nesbitt
Interior Design: Nesbitt
Photo Researcher: Katherine S. Cebik
Developmental Editor: Erin K. L. Grelak
Production Editor: Jane Hoover
Credits appear on pages 564 565, which constitute an extension of the copyright page.
Copyright © 2011 Pearson Education, Inc., publishing as Allyn & Bacon, 75 Arlington Street,
Suite 300, Boston, MA 02116. All rights reserved. Manufactured in the United States of
America. This publication is protected by Copyright, and permission should be obtained from
the publisher prior to any prohibited reproduction, storage in a retrieval system, or
transmission in any from or by any means, electronic, mechanical, photocopying, recording,
or likewise. To obtain permission(s) to use material from this work, please submit a written
request to Pearson Higher Education, Rights and Contracts Department, 501 Boylston Street,
Suite 900, Boston, MA 02116, or fax your request to 617-671-3447.
Many of the designations by manufacturers and sellers to distinguish their products are
claimed as trademarks. Where those designations appear in this book, and the publisher was
aware of a trademark claim, the designations have been printed in initial caps or all caps.
Library of Congress Cataloging-in-Publication Data.
Pinel, John P. J.
Biopsychology / John P.J. Pinel. -- 8th ed.
p. ; cm.
Includes bibliographical references and index.
ISBN 978-0-205-83256-9 (alk. paper)
1. Psychobiology--Textbooks. I. Title.
[DNLM: 1. Psychophysiology--methods. 2. Behavior--physiology. 3.
Brain--physiology. 4. Brain Diseases--physiopathology. WL 103]
QP360.P463 2012
612.8--dc22
2010038756
10 9 8 7 6 5 4 3 RRD-OH 14 13 12 11
ISBN 10: 0-205-83256-3
www.pearsonhighered.com ISBN 13: 978-0-205-83256-9
To Maggie, the love of my life.
 


	3. iii
Part One
What Is  Biopsychology?
1 Biopsychology as a Neuroscience 1
What Is Biopsychology, Anyway?
Part Two
Foundations of Biopsychology
2 Evolution, Genetics, and Experience 20
Thinking about the Biology of Behavior
3 Anatomy of the Nervous System 50
Systems, Structures, and Cells That Make
Up Your Nervous System
4 Neural Conduction and Synaptic
Transmission 75
How Neurons Send and Receive Signals
5 The Research Methods
of Biopsychology 101
Understanding What Biopsychologists Do
Part Three
Sensory and Motor Systems
6 The Visual System 131
How We See
7 Mechanisms of Perception: Hearing,
Touch, Smell, Taste, and Attention 164
How You Know the World
8 The Sensorimotor System 191
How You Move
Part Four
Brain Plasticity
9 Development of the Nervous System 219
From Fertilized Egg to You
10 Brain Damage and Neuroplasticity 240
Can the Brain Recover from Damage?
11 Learning, Memory, and Amnesia 268
How Your Brain Stores Information
Part Five
Biopsychology of Motivation
12 Hunger, Eating, and Health 298
Why Do Many People Eat Too Much?
13 Hormones and Sex 327
What s Wrong with the Mamawawa?
14 Sleep, Dreaming, and
Circadian Rhythms 355
How Much Do You Need to Sleep?
15 Drug Addiction and the Brain s
Reward Circuits 383
Chemicals That Harm with Pleasure
Part Six
Disorders of Cognition and Emotion
16 Lateralization, Language, and
the Split Brain 411
The Left Brain and the Right Brain
of Language
17 Biopsychology of Emotion, Stress,
and Health 442
Fear, the Dark Side of Emotion
18 Biopsychology of
Psychiatric Disorders 466
The Brain Unhinged
Brief Contents
 


	4. Preface xvii
To the  Student xxiv
About the Author xxiv
Part One
What Is Biopsychology?
1 Biopsychology as a Neuroscience 1
What Is Biopsychology, Anyway?
The Case of Jimmie G., the Man Frozen in Time 2
Four Major Themes of This Book 3
1.1 What Is Biopsychology? 3
1.2 What Is the Relation between
Biopsychology and the Other
Disciplines of Neuroscience? 4
1.3 What Types of Research Characterize
the Biopsychological Approach? 4
Human and Nonhuman Subjects 4
Experiments and Nonexperiments 5
Pure and Applied Research 7
1.4 What Are the Divisions of Biopsychology? 8
Physiological Psychology 9
Psychopharmacology 9
Neuropsychology 9
The Case of Mr. R., the Brain-Damaged
Student Who Switched to Architecture 9
Psychophysiology 9
Cognitive Neuroscience 10
Comparative Psychology 11
1.5 Converging Operations: How Do
Biopsychologists Work Together? 12
1.6 Scientific Inference: How Do
Biopsychologists Study the
Unobservable Workings of the Brain? 13
1.7 Critical Thinking about
Biopsychological Claims 14
Case 1: José and the Bull 15
Case 2: Becky, Moniz, and Prefrontal Lobotomy 15
Themes Revisited 17
Think about It 18
Key Terms 18
Quick Review 19
Part Two
Foundations of Biopsychology
2 Evolution, Genetics, and Experience 20
Thinking about the Biology of Behavior
2.1 Thinking about the Biology of Behavior:
From Dichotomies to Interactions 21
Is It Physiological, or Is It Psychological? 21
Is It Inherited, or Is It Learned? 21
Problems with Thinking about the Biology of
Behavior in Terms of Traditional Dichotomies 22
The Case of the Man Who Fell Out of Bed 22
The Case of the Chimps and the Mirrors 23
The Case of the Thinking Student 24
2.2 Human Evolution 24
Evolution and Behavior 26
Course of Human Evolution 27
Thinking about Human Evolution 29
Evolution of the Human Brain 31
Contents
iv
 


	5. v
Contents
Evolutionary Psychology: Understanding
Mate  Bonding 33
Thinking about Evolutionary Psychology 35
2.3 Fundamental Genetics 35
Mendelian Genetics 35
Chromosomes: Reproduction
and Recombination 36
Chromosomes: Structure
and Replication 36
Sex Chromosomes and Sex-Linked Traits 38
The Genetic Code and Gene Expression 38
Mitochondrial DNA 39
Modern Genetics 39
2.4 Behavioral Development: Interaction
of Genetic Factors and Experience 42
Selective Breeding of Maze-Bright and
Maze-Dull Rats 42
Phenylketonuria: A Single-Gene
Metabolic Disorder 43
Development of Birdsong 44
2.5 Genetics of Human Psychological
Differences 45
Development of Individuals versus Devel-
opment of Differences among Individuals 46
Minnesota Study of Twins Reared Apart 46
Themes Revisited 48
Think about It 48
Key Terms 49
Quick Review 49
3 Anatomy of the Nervous System 50
Systems, Structures, and Cells That Make Up
Your Nervous System
3.1 General Layout of the Nervous System 51
Divisions of the Nervous System 51
Meninges, Ventricles, and
Cerebrospinal Fluid 53
Blood Brain Barrier 53
3.2 Cells of the Nervous System 55
Anatomy of Neurons 55
Glial Cells: The Forgotten Cells 57
3.3 Neuroanatomical Techniques and Directions 59
Neuroanatomical Techniques 59
Directions in the Vertebrate Nervous System 61
3.4 Spinal Cord 63
3.5 Five Major Divisions of the Brain 63
3.6 Major Structures of the Brain 64
Myelencephalon 64
Metencephalon 65
Mesencephalon 65
Diencephalon 66
Telencephalon 66
The Limbic System and the Basal Ganglia 69
Themes Revisited 73
Think about It 74
Key Terms 74
Quick Review 74
4 Neural Conduction and Synaptic
Transmission 75
How Neurons Send and Receive Signals
The Lizard, a Case of Parkinson s Disease 76
4.1 Resting Membrane Potential 76
Recording the Membrane Potential 76
Resting Membrane Potential 76
Ionic Basis of the Resting Potential 77
4.2 Generation and Conduction of
Postsynaptic Potentials 79
4.3 Integration of Postsynaptic Potentials
and Generation of Action Potentials 80
4.4 Conduction of Action Potentials 82
Ionic Basis of Action Potentials 82
Refractory Periods 83
Axonal Conduction of Action Potentials 83
 


	6. vi Contents
Conduction in  Myelinated Axons 84
The Velocity of Axonal Conduction 85
Conduction in Neurons without Axons 85
The Hodgkin-Huxley Model in Perspective 85
4.5 Synaptic Transmission: Chemical
Transmission of Signals among
Neurons 86
Structure of Synapses 86
Synthesis, Packaging, and Transport of
Neurotransmitter Molecules 87
Release of Neurotransmitter
Molecules 88
Activation of Receptors by Neurotransmitter
Molecules 89
Reuptake, Enzymatic Degradation,
and Recycling 90
Glial Function and Synaptic
Transmission 91
4.6 Neurotransmitters 92
Amino Acid Neurotransmitters 92
Monoamine Neurotransmitters 92
Acetylcholine 93
Unconventional Neurotransmitters 93
Neuropeptides 94
4.7 Pharmacology of Synaptic Transmission
and Behavior 95
How Drugs Influence Synaptic
Transmission 95
Behavioral Pharmacology: Three
Influential Lines of Research 95
Themes Revisited 98
Think about It 99
Key Terms 99
Quick Review 100
5 The Research Methods of
Biopsychology 101
Understanding What Biopsychologists Do
The Ironic Case of Professor P. 102
Part One Methods of Studying the
Nervous System
5.1 Methods of Visualizing and Stimulating
the Living Human Brain 102
Contrast X-Rays 103
X-Ray Computed Tomography 103
Magnetic Resonance Imaging 104
Positron Emission Tomography 104
Functional MRI 105
Magnetoencephalography 106
Transcranial Magnetic Stimulation 106
5.2 Recording Human Psychophysiological
Activity 107
Scalp Electroencephalography 107
Muscle Tension 109
Eye Movement 109
Skin Conductance 110
Cardiovascular Activity 110
5.3 Invasive Physiological Research Methods 111
Stereotaxic Surgery 111
Lesion Methods 111
Electrical Stimulation 113
Invasive Electrophysiological
Recording Methods 113
5.4 Pharmacological Research Methods 114
Routes of Drug Administration 114
Selective Chemical Lesions 115
Measuring Chemical Activity of the Brain 115
Locating Neurotransmitters and Receptors
in the Brain 116
5.5 Genetic Engineering 116
Gene Knockout Techniques 116
Gene Replacement Techniques 117
Fantastic Fluorescence and the Brainbow 117
Part Two Behavioral Research Methods
of Biopsychology
5.6 Neuropsychological Testing 119
Modern Approach to
Neuropsychological Testing 119
Tests of the Common Neuropsychological
Test Battery 120
Tests of Specific Neuropsychological Function 121
Frontal-Lobe Function 122
5.7 Behavioral Methods of
Cognitive Neuroscience 123
5.8 Biopsychological Paradigms
of Animal Behavior 124
Paradigms for Assessment of
Species-Common Behaviors 124
 


	7. vii
Contents
Traditional Conditioning Paradigms  125
Seminatural Animal Learning Paradigms 126
Themes Revisited 128
Think about It 129
Key Terms 129
Quick Review 130
Part Three
Sensory and Motor Systems
6 The Visual System 131
How We See
The Case of Mrs. Richards: Fortification
Illusions and the Astronomer 132
6.1 Light Enters the Eye and Reaches
the Retina 133
The Pupil and the Lens 133
Eye Position and Binocular Disparity 134
6.2 The Retina and Translation of Light
into Neural Signals 136
Cone and Rod Vision 137
Spectral Sensitivity 139
Eye Movement 140
Visual Transduction: The Conversion
of Light to Neural Signals 141
6.3 From Retina to Primary Visual Cortex 142
Retinotopic Organization 143
The M and P Channels 143
6.4 Seeing Edges 144
Lateral Inhibition and Contrast Enhancement 144
Receptive Fields of Visual Neurons 145
Receptive Fields: Neurons of the
Retina-Geniculate-Striate System 146
Receptive Fields: Simple Cortical Cells 147
Receptive Fields: Complex Cortical Cells 148
Columnar Organization of Primary
Visual Cortex 148
The Case of Mrs. Richards, Revisited 149
Plasticity of Receptive Fields of Neurons
in the Visual Cortex 150
6.5 Seeing Color 150
Component and Opponent Processing 151
Color Constancy and the Retinex Theory 152
6.6 Cortical Mechanisms of Vision
and Conscious Awareness 154
Damage to Primary Visual Cortex:
Scotomas and Completion 155
The Case of the Physiological Psychologist
Who Made Faces Disappear 155
Damage to Primary Visual Cortex: Scotomas,
Blindsight, and Conscious Awareness 155
The Case of D.B., the Man Confused by
His Own Blindsight 156
Functional Areas of Secondary and
Association Visual Cortex 156
Dorsal and Ventral Streams 157
The Case of D.F., the Woman Who Could
Grasp Objects She Did Not Conciously See 158
The Case of A.T., the Woman Who Could Not
Accurately Grasp Unfamiliar Objects That
She Saw 158
Prosopagnosia 159
R.P., a Typical Case of Prosopagnosia 160
Akinetopsia 160
Two Cases of Drug-Induced Akinetopsia 160
Conclusion 161
Themes Revisited 161
Think about It 162
Key Terms 162
Quick Review 163
7 Mechanisms of Perception: Hearing,
Touch, Smell, Taste, and Attention 164
How You Know the World
The Case of the Man Who Could See Only One
Thing at a Time 165
 


	8. viii Contents
7.1 Principles  of Sensory System
Organization 165
Hierarchical Organization 165
The Case of the Man Who Mistook
His Wife for a Hat 166
Functional Segregation 166
Parallel Processing 166
Summary Model of Sensory System
Organization 166
7.2 The Auditory System 167
The Ear 168
From the Ear to the Primary Auditory
Cortex 170
Subcortical Mechanisms of Sound
Localization 170
Auditory Cortex 171
Effects of Damage to the Auditory
System 172
7.3 Somatosensory System: Touch and Pain 174
Cutaneous Receptors 174
Dermatomes 175
Two Major Somatosensory
Pathways 175
Cortical Areas of Somatosensation 177
Effects of Damage to the Primary
Somatosensory Cortex 179
Somatosensory System and Association
Cortex 179
The Case of W.M., Who Reduced His
Scotoma with His Hand 179
Somatosensory Agnosias 179
The Case of Aunt Betty, Who Lost Half
of Her Body 180
Perception of Pain 180
The Case of Miss C., the Woman
Who Felt No Pain 181
Neuropathic Pain 183
7.4 Chemical Senses: Smell and Taste 183
Olfactory System 183
Gustatory System 185
Brain Damage and the Chemical
Senses 186
7.5 Selective Attention 187
Change Blindness 188
Neural Mechanisms of Attention 188
Simultanagnosia 189
Themes Revisited 189
Think about It 189
Key Terms 190
Quick Review 190
8 The Sensorimotor System 191
How You Move
The Case of Rhonda, the Dexterous Cashier 192
8.1 Three Principles of Sensorimotor
Function 192
The Sensorimotor System Is
Hierarchically Organized 192
Motor Output Is Guided by Sensory
Input 193
The Case of G.O., the Man with Too Little
Feedback 193
Learning Changes the Nature and Locus
of Sensorimotor Control 193
A General Model of Sensorimotor
System Function 193
8.2 Sensorimotor Association Cortex 194
Posterior Parietal Association Cortex 194
The Case of Mrs. S., the Woman Who
Turned in Circles 195
Dorsolateral Prefrontal Association Cortex 197
8.3 Secondary Motor Cortex 197
Identifying the Areas of Secondary
Motor Cortex 197
Mirror Neurons 198
8.4 Primary Motor Cortex 200
Belle: The Monkey That Controlled
a Robot with Her Mind 201
8.5 Cerebellum and Basal Ganglia 202
Cerebellum 202
Basal Ganglia 202
8.6 Descending Motor Pathways 203
Dorsolateral Corticospinal Tract and
Dorsolateral Corticorubrospinal Tract 203
Ventromedial Corticospinal Tract and
Ventromedial Cortico-brainstem-spinal
Tract 205
Comparison of the Two Dorsolateral Motor
Pathways and the Two Ventromedial
Motor Pathways 205
 


	9. ix
Contents
9.2 Postnatal Cerebral  Development in
Human Infants 228
Postnatal Growth of the Human Brain 228
Development of the Prefrontal Cortex 229
9.3 Effects of Experience on the Early
Development, Maintenance, and
Reorganization of Neural Circuits 230
Early Studies of Experience and
Neurodevelopment: Deprivation and
Enrichment 230
Competitive Nature of Experience and
Neurodevelopment: Ocular Dominance
Columns 230
Effects of Experience on Topographic
Sensory Cortex Maps 231
Experience Fine-Tunes Neurodevelopment 231
9.4 Neuroplasticity in Adults 232
Neurogenesis in Adult Mammals 232
Effects of Experience on the Reorganization
of the Adult Cortex 233
9.5 Disorders of Neurodevelopment:
Autism and Williams Syndrome 234
Autism 234
The Case of Alex: Are You Ready to Rock? 234
Cases of Amazing Savant Abilities 235
Williams Syndrome 236
The Case of Anne Louise McGarrah: Uneven
Abilities of Those with Williams Syndrome 236
Epilogue 238
Themes Revisited 238
Think about It 239
Key Terms 239
Quick Review 239
10Brain Damage and Neuroplasticity 240
Can the Brain Recover from Damage?
The Ironic Case of Professor P. 241
10.1 Causes of Brain Damage 241
Brain Tumors 241
8.7 Sensorimotor Spinal Circuits 207
Muscles 207
Receptor Organs of Tendons and Muscles 208
Stretch Reflex 209
Withdrawal Reflex 210
Reciprocal Innervation 210
Recurrent Collateral Inhibition 210
Walking: A Complex Sensorimotor Reflex 211
8.8 Central Sensorimotor Programs 213
Central Sensorimotor Programs Are Capable
of Motor Equivalence 213
Sensory Information That Controls Central
Sensorimotor Programs Is Not Necessarily
Conscious 214
Central Sensorimotor Programs Can Develop
without Practice 214
Practice Can Create Central Sensorimotor
Programs 214
Functional Brain Imaging of Sensorimotor
Learning 215
The Case of Rhonda, Revisited 216
Themes Revisited 217
Think about It 217
Key Terms 217
Quick Review 218
Part Four
Brain Plasticity
9 Development of the Nervous System 219
From Fertilized Egg to You
The Case of Genie 220
9.1 Phases of Neurodevelopment 220
Induction of the Neural Plate 220
Neural Proliferation 222
Migration and Aggregation 222
Axon Growth and Synapse Formation 224
Neuron Death and Synapse Rearrangement 226
 


	10. x Contents
Cerebrovascular Disorders:  Strokes 242
Closed-Head Injuries 245
The Case of Jerry Quarry,
Ex-Boxer 245
Infections of the Brain 245
Neurotoxins 246
Genetic Factors 246
Programmed Cell Death 247
10.2 Neuropsychological Diseases 247
Epilepsy 247
The Subtlety of Complex Partial Seizures:
Two Cases 248
Parkinson s Disease 249
Huntington s Disease 250
Multiple Sclerosis 250
Alzheimer s Disease 251
10.3 Animal Models of Human
Neuropsychological Diseases 253
Kindling Model of Epilepsy 253
Transgenic Mouse Model of Alzheimer s
Disease 254
MPTP Model of Parkinson s Disease 254
The Case of the Frozen Addicts 254
10.4 Neuroplastic Responses to Nervous System
Damage: Degeneration, Regeneration,
Reorganization, and Recovery 255
Neural Degeneration 255
Neural Regeneration 257
Neural Reorganization 258
Recovery of Function after Brain
Damage 259
10.5 Neuroplasticity and the Treatment of
Nervous System Damage 261
Reducing Brain Damage by Blocking
Neurodegeneration 261
Promoting Recovery from CNS Damage
by Promoting Regeneration 262
Promoting Recovery from CNS Damage
by Neurotransplantation 262
The Case of Roberto Garcia d Orta:
The Lizard Gets an Autotransplant 263
Promoting Recovery from CNS
Damage by Rehabilitative Training 263
The Cases of Tom and Philip: Phantom
Limbs and Ramachandran 265
The Ironic Case of Professor P.:
Recovery 266
Themes Revisited 266
Think about It 266
Key Terms 267
Quick Review 267
11Learning, Memory, and Amnesia 268
How Your Brain Stores Information
11.1 Amnesic Effects of Bilateral Medial
Temporal Lobectomy 269
The Case of H.M., the Man Who Changed the
Study of Memory 269
Formal Assessment of H.M. s Anterograde
Amnesia: Discovery of Unconscious
Memories 270
Three Major Scientific Contributions of
H.M. s Case 272
Medial Temporal Lobe Amnesia 272
Semantic and Episodic Memories 273
The Case of K.C., the Man Who Can t Time
Travel 273
The Case of the Clever Neuropsychologist:
Spotting Episodic Memory Deficits 274
Effects of Cerebral Ischemia on the
Hippocampus and Memory 274
The Case of R.B., Product of a Bungled
Operation 274
11.2 Amnesia of Korsakoff s Syndrome 275
The Up-Your-Nose Case of N.A. 276
11.3 Amnesia of Alzheimer s Disease 276
11.4 Amnesia after Concussion: Evidence
for Consolidation 276
Posttraumatic Amnesia 276
Gradients of Retrograde Amnesia
and Memory Consolidation 277
Hippocampus and Consolidation 279
Reconsolidation 279
11.5 Neuroanatomy of Object-Recognition
Memory 280
Monkey Model of Object-Recognition
Amnesia: The Delayed Nonmatching-to
Sample Test 280
Delayed Nonmatching-to-Sample Test
for Rats 281
Neuroanatomical Basis of the Object-
Recognition Deficits Resulting from
Medial Temporal Lobectomy 281
 


	11. xi
Contents
11.6 Hippocampus and  Memory for Spatial
Location 284
Hippocampal Lesions Disrupt the
Performance of Spatial Tasks 285
Hippocampal Place Cells 286
Hippocampal and Entorhinal Grid Cells 286
Comparative Studies of the Hippocampus
and Spatial Memory 286
Theories of Hippocampal Function 287
11.7 Where Are Memories Stored? 287
Inferotemporal Cortex 287
Amygdala 288
Prefrontal Cortex 288
The Case of the Cook Who Couldn t 288
Cerebellum and Striatum 289
11.8 Synaptic Mechanisms of Learning
and Memory 290
Long-Term Potentiation 290
Induction of LTP: Learning 292
Maintenance and Expression of LTP:
Storage and Recall 292
Variability of LTP 294
11.9 Conclusion: Biopsychology
of Memory and You 294
Infantile Amnesia 294
Smart Drugs: Do They Work? 295
Posttraumatic Amnesia and Episodic Memory 295
The Case of R.M., the Biopsychologist Who
Remembered H.M. 295
Themes Revisited 296
Think about It 296
Key Terms 296
Quick Review 297
Part Five
Biopsychology of Motivation
12Hunger, Eating, and Health 298
Why Do Many People Eat Too Much?
The Case of the Man Who Forgot Not to Eat 299
12.1 Digestion, Energy Storage, and Energy
Utilization 299
Digestion 299
Energy Storage in the Body 300
Three Phases of Energy Metabolism 301
12.2 Theories of Hunger and Eating: Set
Points versus Positive Incentives 302
Set-Point Assumption 302
Glucostatic and Lipostatic Set-Point Theories
of Hunger and Eating 303
Problems with Set-Point Theories of Hunger
and Eating 303
Positive-Incentive Perspective 304
12.3 Factors That Determine What, When,
and How Much We Eat 305
Factors That Determine What We Eat 305
Factors That Influence When We Eat 306
Factors That Influence How Much We Eat 306
12.4 Physiological Research on Hunger
and Satiety 309
Role of Blood Glucose Levels in Hunger
and Satiety 309
Myth of Hypothalamic Hunger and
Satiety Centers 309
Role of the Gastrointestinal Tract in Satiety 311
Hunger and Satiety Peptides 312
Serotonin and Satiety 313
Prader-Willi Syndrome Patients with
Insatiable Hunger 313
Prader-Willi Syndrome: The Case of Miss A. 314
12.5 Body Weight Regulation: Set
Points versus Settling Points 314
Set-Point Assumptions about Body Weight
and Eating 314
Set Points and Settling Points in Weight
Control 315
12.6 Human Obesity: Causes, Mechanisms,
and Treatments 318
Who Needs to Be Concerned about
Obesity? 318
Why Is There an Epidemic of Obesity? 319
Why Do Some People Become Obese While
Others Do Not? 319
Why Are Weight-Loss Programs Typically
Inefffective? 319
Leptin and the Regulation of Body Fat 320
The Case of the Child with No Leptin 322
12.7 Anorexia and Bulimia Nervosa 322
Relation between Anorexia and Bulimia 322
Anorexia and Positive Incentives 324
Anorexia Nervosa: A Hypothesis 324
The Case of the Anorexic Student 324
 


	12. xii Contents
Themes Revisited  325
Think about It 325
Key Terms 326
Quick Review 326
13Hormones and Sex 327
What s Wrong with the Mamawawa?
Men-Are-Men-and-Women-Are-Women
Assumption 328
Developmental and Activational Effects
of Sex Hormones 328
13.1 The Neuroendocrine System 328
Glands 329
Gonads 329
Classes of Hormones 329
Sex Steroids 329
Hormones of the Pituitary 330
Female Gonadal Hormone Levels Are Cyclic;
Male Gonadal Hormone Levels Are Steady 330
Neural Control of the Pituitary 331
Control of the Anterior and Posterior
Pituitary by the Hypothalamus 331
Discovery of Hypothalamic Releasing
Hormones 331
Regulation of Hormone Levels 332
Pulsatile Hormone Release 333
Summary Model of Gonadal Endocrine
Regulation 333
13.2 Hormones and Sexual Development
of the Body 333
Fetal Hormones and Development of
Reproductive Organs 334
Puberty: Hormones and Development of
Secondary Sex Characteristics 335
13.3 Hormones and Sexual Development
of Brain and Behavior 336
Sex Differences in the Brain 336
Perinatal Hormones and Behavioral
Development 339
13.4 Three Cases of Exceptional Human
Sexual Development 340
The Case of Anne S., the Woman Who
Wasn t 340
The Case of the Little Girl Who Grew into
a Boy 341
The Case of the Twin Who Lost His Penis 342
Do the Exceptional Cases Prove the Rule? 342
13.5 Effects of Gonadal Hormones on Adults 343
Male Reproduction-Related Behavior
and Testosterone 343
The Case of the Man Who Lost and
Regained His Manhood 343
Female Reproduction-Related Behavior
and Gonadal Hormones 344
Anabolic Steroid Abuse 345
Neuroprotective Effects of Estradiol 347
13.6 Neural Mechanisms of Sexual Behavior 348
Structural Differences between the Male
Hypothalamus and Female Hypothalamus 348
Hypothalamus and Male Sexual Behavior 349
Hypothalamus and Female Sexual Behavior 349
13.7 Sexual Orientation and Sexual Identity 350
Sexual Orientation and Genes 350
Sexual Orientation and Early Hormones 350
What Triggers the Development of
Sexual Attraction? 351
Is There a Difference in the Brains of
Homosexuals and Heterosexuals? 351
Sexual Identity 351
Independence of Sexual Orientation and
Sexual Identity 352
Themes Revisited 353
Think about It 353
Key Terms 353
Quick Review 354
14Sleep, Dreaming, and
Circadian Rhythms 355
How Much Do You Need to Sleep?
The Case of the Woman Who Wouldn t Sleep 356
 


	13. xiii
Contents
14.1 Stages of  Sleep 356
Three Standard Psychophysiological
Measures of Sleep 356
Four Stages of Sleep EEG 357
REM Sleep and Dreaming 358
Testing Common Beliefs about
Dreaming 359
The Interpretation of Dreams 359
14.2 Why Do We Sleep, and Why Do
We Sleep When We Do? 359
Comparative Analysis of Sleep 360
14.3 Effects of Sleep Deprivation 361
Interpretation of the Effects of Sleep
Deprivation: The Stress Problem 361
Predictions of Recuperation Theries about
Sleep Deprivation 361
Two Classic Sleep-Deprivation
Case Studies 362
The Case of the Sleep-Deprived Students 362
The Case of Randy Gardner 362
Experimental Studies of Sleep Deprivation
in Humans 362
Sleep-Deprivation Studies with Laboratory
Animals 363
REM-Sleep Deprivation 364
Sleep Deprivation Increases the Efficiency
of Sleep 365
14.4 Circadian Sleep Cycles 366
Free-Running Circadian Sleep Wake Cycles 366
Jet Lag and Shift Work 367
A Circadian Clock in the Suprachiasmatic
Nuclei 368
Neural Mechanisms of Entrainment 369
Genetics of Circadian Rhythms 369
14.5 Four Areas of the Brain Involved
in Sleep 370
Two Areas of the Hypothalamus Involved
in Sleep 370
The Case of Constantin von Economo, the
Insightful Neurologist 370
Reticular Formation and Sleep 370
Reticular REM-Sleep Nuclei 372
14.6 Drugs That Affect Sleep 373
Hypnotic Drugs 373
Antihypnotic Drugs 374
Melatonin 374
14.7 Sleep Disorders 375
Insomnia 375
Mr. B., the Case of Iatrogenic Insomnia 375
Hypersomnia 376
REM-Sleep Related Disorders 377
The Case of the Sleeper Who Ran Over
Tackle 377
14.8 Effects of Long-Term Sleep Reduction 377
Differences Between Short and Long
Sleepers 377
Long-Term Reduction of Nightly Sleep 378
Long-Term Sleep Reduction by Napping 378
Effects of Shorter Sleep Times on Health 379
Long-Term Sleep Reduction: A Personal
Case Study 379
The Case of the Author Who Reduced
His Sleep 380
Conclusion 380
Themes Revisited 381
Think about It 381
Key Terms 381
Quick Review 382
15Drug Addiction and the Brain s
Reward Circuits 383
Chemicals That Harm with Pleasure
The Case of the Drugged High School
Teachers 384
15.1 Basic Principles of Drug Action 384
Drug Administration and Absorption 384
Drug Penetration of the Central Nervous
System 385
Mechanisms of Drug Action 385
Drug Metabolism and Elimination 385
Drug Tolerance 385
Drug Withdrawal Effects and Physical
Dependence 386
Addiction: What Is It? 386
15.2 Role of Learning in Drug Tolerance 387
Contingent Drug Tolerance 387
Conditioned Drug Tolerance 388
Thinking about Drug Conditioning 389
 


	14. xiv Contents
15.3 Five  Commonly Abused
Drugs 389
Tobacco 389
Alcohol 390
Marijuana 392
Cocaine and Other Stimulants 394
The Opiates: Heroin and
Morphine 395
Comparison of the Hazards of Tobacco,
Alcohol, Marijuana, Cocaine, and Heroin 398
15.4 Biopsychological Approaches to
Theories of Addiction 399
Physical-Dependence and
Positive-Incentive Perspectives
of Addiction 399
From Pleasure to Compulsion: Incentive-
Sensitization Theory 399
Relapse and Its Causes 400
15.5 Intracranial Self-Stimulation and
the Pleasure Centers of the Brain 401
Fundamental Characteristics of Intracranial
Self-Stimulation 401
Mesotelencephalic Dopamine System and
Intracranial Self-Stimulation 402
15.6 Early Studies of Brain Mechanisms
of Addiction: Dopamine 403
Two Key Methods for Measuring Drug-
Produced Reinforcement in Laboratory
Animals 403
Early Evidence of the Involvement of
Dopamine in Drug Addiction 404
The Nucleus Accumbens and Drug
Addition 404
Support for the Involvement of Dopamine
in Addiction: Evidence from Imaging
Human Brains 405
Dopamine Release in the Nucleus
Accumbens: What Is Its Function? 405
15.7 Current Approaches to Brain
Mechanisms of Addiction 406
Current Issues in Addiction
Research 406
Brain Structures That Mediate Addiction:
The Current View 407
15.8 A Noteworthy Case of
Addiction 408
The Case of Sigmund Freud 408
Themes Revisited 408
Think about It 409
Key Terms 409
Quick Review 410
Part Six
Disorders of Cognition and Emotion
16Lateralization, Language,
and the Split Brain 411
The Left Brain and the Right Brain of Language
16.1 Cerebral Lateralization of Function:
Introduction 412
Discovery of the Specific Contributions
of Left-Hemisphere Damage to Aphasia
and Apraxia 412
Tests of Cerebral Lateralization 413
Discovery of the Relation between
Speech Laterality and Handedness 414
Sex Differences in Brain Lateralization 414
16.2 The Split Brain 414
Groundbreaking Experiment
of Myers and Sperry 415
Commissurotomy in Human Epileptics 416
Evidence That the Hemispheres of Split-
Brain Patients Can Function Independently 418
Cross-Cuing 418
Doing Two Things at Once 419
The Z Lens 419
Dual Mental Functioning and Conflict
in Split-Brain Patients 420
The Case of Peter, the Split-Brain Patient
Tormented by Conflict 420
Independence of Split Hemispheres:
Current Perspective 421
16.3 Differences between the Left
and Right Hemispheres 422
Examples of Cerebral Lateralization
of Function 422
What Is Lateralized Broad Clusters of Abilities
or Individual Cognitive Processes? 424
Anatomical Asymmetries of the Brain 424
16.4 Evolutionary Perspective of Cerebral
Lateralization and Language 426
Theories of the Evolution of Cerebral
Lateralization 426
 


	15. xv
Contents
The Case of  W.L., the Man Who
Experienced Aphasia for Sign Language 426
When Did Cerebral Lateralization Evolve? 427
What Are the Survival Advantages
of Cerebral Lateralization? 427
Evolution of Human Language 427
16.5 Cortical Localization of Language:
The Wernicke-Geschwind Model 429
Historical Antecedents of the
Wernicke-Geschwind Model 429
The Wernicke-Geschwind Model 430
16.6 Wernicke-Geschwind Model: The
Evidence 430
Effects of Cortical Damage on
Language Abilities 431
Effects of Electrical Stimulation to
the Cortex on Language Abilities 433
Current Status of the Wernicke-Geschwind
Model 435
16.7 Cognitive Neuroscience of Language 435
Functional Brain Imaging and the
Localization of Language 436
16.8 Cognitive Neuroscience of Dyslexia 437
Developmental Dsylexia: Causes
and Neural Mechanisms 437
Developmental Dyslexia and Culture 438
Cognitive Neuroscience of Deep
and Surface Dyslexia 438
The Case of N.I., the Woman Who
Read with Her Right Hemisphere 439
Themes Revisited 440
Think about It 440
Key Terms 440
Quick Review 441
17Biopsychology of Emotion,
Stress, and Health 442
Fear, the Dark Side of Emotion
17.1 Biopsychology of Emotion:
Introduction 443
Early Landmarks in the Biopsychological
Investigation of Emotion 443
The Mind-Blowing Case of Phineas Gage 443
A Human Case of Kluver-Bucy
Syndrome 446
Emotions and the Autonomic Nervous
System 446
Emotions and Facial
Expression 447
17.2 Fear, Defense, and Aggression 450
Types of Aggressive and Defensive
Behaviors 450
Aggression and Testosterone 452
17.3 Neural Mechanisms of Fear
Conditioning 452
Amygdala and Fear Conditioning 453
Contextual Fear Conditioning and the
Hippocampus 453
Amygdala Complex and Fear
Conditioning 443
17.4 Stress and Health 454
The Stress Response 454
Animal Models of Stress 455
Psychosomatic Disorders: The Case of
Gastric Ulcers 456
Psychoneuroimmunology: Stress,
the Immune System, and the Brain 456
Early Experience of Stress 459
Stress and the Hippocampus 460
17.5 Brain Mechanisms of Human
Emotion 461
Cognitive Neuroscience
of Emotion 461
Amygdala and Human
Emotion 461
The Case of S.P., the Woman Who
Couldn t Perceive Fear 462
Medial Prefrontal Lobes and Human
Emotion 462
Lateralization of Emotion 463
Individual Differences in the Neural
Mechanisms of Emotion 463
The Case of Charles Whitman, the Texas
Tower Sniper 464
Themes Revisited 464
Think about It 465
Key Terms 465
Quick Review 465
 


	16. xvi Contents
18Biopsychology of  Psychiatric
Disorders 466
The Brain Unhinged
18.1 Schizophrenia 467
The Case of Lena, the Catatonic
Schizophrenic 467
What Is Schizophrenia? 468
Causal Factors in Schizophrenia 468
Discovery of the First Antischizophrenic
Drugs 469
Dopamine Theory of Schizophrenia 469
Neural Basis of Schizophrenia: Limitations
of the Dopamine Theory 471
18.2 Affective Disorders:
Depression and Mania 473
The Case of P.S., the Weeping Widow 473
Major Categories of Affective Disorders 474
Causal Factors in Affective Disorders 474
Discovery of Antidepressant Drugs 475
Brain Pathology and Affective Disorders 477
Theories of Depression 477
Treatment of Depression with Brain
Stimulation 478
18.3 Anxiety Disorders 479
The Case of M.R., the Woman Who
Was Afraid to Go Out 479
Five Classes of Anxiety Disorders 479
Etiology of Anxiety Disorders 480
Pharmacological Treatment of Anxiety
Disorders 480
Animal Models of Anxiety 480
Neural Bases of Anxiety Disorders 481
18.4 Tourette Syndrome 481
The Case of R.G. Barking Mad 481
What Is Tourette Syndrome? 482
Neuropathology of Tourette Syndrome 482
Treatment of Tourette Syndrome 483
The Case of P.H., the Neuroscientist
with Tourette Syndrome 483
18.5 Clinical Trials: Development of New
Psychotherapeutic Drugs 484
Clinical Trials: The Three Phases 485
Controversial Aspects of Clinical Trials 486
Effectiveness of Clinical Trials 487
Conclusion 487
The Case of S.B., the Biopsychology
Student Who Took Control 487
Themes Revisited 488
Think about It 488
Key Terms 489
Quick Review 489
Epilogue 490
Appendixes 491
Glossary 497
References 516
Credits 564
Name Index 566
Subject Index 574
 


	17. Preface
W
elcome to the  Eighth Edition of Biopsychology!
This edition builds on the strengths of its pred-
ecessors, but it also takes important new steps:
In addition to covering many new cutting-edge research
topics, it sharpens its focus on the human element of
biopsychology and on promoting student thinking. Most
importantly, this is the first edition of Biopsychology to
focus on the role of creative thinking in scientific progress:
It emphasizes instances in which progress in biopsycho-
logical science has been a product of creative thinking,
and it encourages students to develop their own creative-
thinking skills.
The Eighth Edition of Biopsychology is a clear, engag-
ing introduction to current biopsychological theory and
research. It is intended for use as a primary text in one- or
two-semester courses in biopsychology variously titled
Biopsychology, Physiological Psychology, Brain and Be-
havior, Psychobiology, Behavioral Neuroscience, or Be-
havioral Neurobiology.
The defining feature of Biopsychology is its unique
combination of biopsychological science and personal,
reader-oriented discourse. It is a textbook that is untext-
booklike. Instead of presenting the concepts of biopsy-
chology in the usual textbook fashion, it addresses
students directly and interweaves the fundamentals of
the field with clinical case studies, social issues, personal
implications, useful metaphors, and memorable anec-
dotes.
Key Features Maintained
in the Eighth Edition
The following are features that have characterized recent
editions of Biopsychology and have been maintained or
expanded in this edition.
Emphasis on Broad Themes The emphasis of Biopsy-
chology is the big picture. Four broad themes are high-
lighted throughout the text by distinctive tabs: (1)
thinking creatively, (2) clinical implications, (3) evolu-
tionary perspective, and (4) neuroplasticity. A Themes
Revisited section at the end of each chapter briefly sum-
marizes how each theme was developed in that chapter.
The four major themes provide excellent topics for essay
assignments and exam questions.
Effective Use of Case Studies Biopsychology features
many carefully selected case studies, which are high-
lighted in the text. These provocative cases stimulate
interest, promote retention, and allow students to learn
how biopsychological principles apply to the diagnosis
and treatment of brain disorders.
Remarkable Illustrations The illustrations in Biopsy-
chology are special. Each one was conceptualized and
meticulously designed to clarify and reinforce the text by
a uniquely qualified scientist artist team: Pinel and his
artist/designer wife, Maggie Edwards.
Focus on Behavior In some biopsychological text-
books, the coverage of neurophysiology, neurochemistry,
and neuroanatomy subverts the coverage of behavioral
research. Biopsychology gives top billing to behavior: It
stresses that neuroscience is a team effort and that the
unique contribution made by biopsychologists to this ef-
fort is their behavioral expertise.
Emphasis on the Scientific Method Biopsychology
emphasizes the scientific method. It portrays the scientific
method as a means of answering questions that is as
applicable in daily life as in the laboratory. And Biopsy-
chology emphasizes that being a scientist is fun.
Discussion of Personal and Social Implications
Several chapters of Biopsychology particularly those on
eating, sleeping, sex, and drug addiction carry strong
personal and social messages. In these chapters, students
are encouraged to consider the relevance of biopsycho-
logical research to their lives outside the classroom.
Engaging, Inspiring Voice Arguably the strongest
pedagogical feature of Biopsychology is its personal tone.
Pinel addresses students directly and talks to them with
warmth, enthusiasm, and good humor about recent
xvii
Clinical
Implications
Evolutiona
Perspective
Ne roplasticity Thinking Creatively
 


	18. advances in biopsychological  science. Many students re-
port being engaged and inspired by this approach.
Additions to the Eighth Edition
Six new or expanded features appear in the Eighth Edi-
tion of Biopsychology.
NEW! Thinking Creatively Theme Many important
advances in biopsychological research have been a prod-
uct of creative thinking (thinking in productive, uncon-
ventional ways that are consistent with the evidence):
Researchers who have sidestepped the constraints of
convention and approached their problems from original
perspectives have often made major breakthroughs. Al-
though the role of critical thinking in science has been ad-
dressed by many textbooks, including this one, few have
addressed the role of creative thinking. The role of creative
thinking in scientific progress is one of the four major
themes of the Eighth Edition of Biopsychology. Discover-
ies that are clearly attributable to creative thinking and
points where Pinel challenges students to engage in
creative thinking themselves are marked by thinking
creatively tabs. The addition of this theme makes biopsy-
chological research more interesting, teaches students an
important lesson about the role of creativity in science,
and fosters creative thinking in students.
NEW! Additional Check It Out Demonstrations
Biopsychology s Check It Out demonstrations encourage
students to experience biopsychological concepts and
phenomena for themselves. Several Check It Outs have
been added to this edition. They are integrated into the
flow of the text at points where their positive impact on
understanding and retention is maximized.
NEW! MyPsychLab (www.mypsychlab.com) MyPsychLab
is an online study resource that offers a wealth of anima-
tions and practice tests, as well as additional study and re-
search tools. There are over 150 assessments for students,
a wealth of Web and video/media links, flashcards, and a
fully interactive brain called the Virtual Brain.
NEW! More Illustrations and Brain Images Building
on Biopsychology s strong art package, a number of new il-
lustrations and brain images have been added. These have
been carefully selected, designed, and positioned to sup-
port interest, clarity, and memorability.
NEW! End-of-Chapter Study Questions Sample study
questions are now included at the end of each chapter of
Biopsychology to allow students to experience their useful-
ness and to encourage them to visit MyPsychLab for other
learning and study resources.
NEW! Diagram-Based Test Questions For the first
time, the test bank for this edition of Biopsychology
includes test questions referring to and accompanied by
line drawings of the brain adapted from the text.
New Coverage in the Eighth Edition
Biopsychology remains one of the most rapidly progress-
ing scientific fields. Like previous editions, the Eighth Edi-
tion of Biopsychology has meticulously incorporated recent
developments in the field it contains 748 citations of ar-
ticles or books that did not appear in the preceding edition.
These recent developments have dictated changes to many
parts of the text. The following list presents some of the
content changes to this edition, organized by chapter.
Chapter 1: Biopsychology as a Neuroscience
* Introduction of creative thinking as one of Biopsy-
chology s four major themes
* New list of Web sites on the ethics of animal research
* Discussion of the relationship between creative think-
ing and critical thinking in science
* Case of Howard Dully, the boy who was lobotomized
at the insistence of his stepmother
* 10 new research citations
Chapter 2: Evolution, Genetics, and Experience
* Increased emphasis on epigenetic mechanisms
* Introduction of the term enhancers
* Emphasis of the fact that only a small proportion of
chromosome segments contain protein-coding genes
* New discussions of microRNAs, alternative splicing,
and monoallelic expression
* 56 new research citations
Chapter 3: Anatomy of the Nervous System
* Introduction of the reciprocal connections between
thalamic nuclei and the neocortex
* Explanation of subcortical white matter
* 19 new research citations
Chapter 4: Neural Conduction and Synaptic Trans-
mission
* Presentation of the Hodgkin-Huxley model from a
modern perspective
* Increased emphasis on gap junctions
* Enhanced discussion of the diversity of neuron
physiology
* 18 new research citations
Chapter 5: The Research Methods of Biopsychology
* Discussion of the weaknesses of the fMRI technique
* Added coverage of transcranial magnetic stimulation,
with an interesting example
* Added coverage of genetic engineering, with illustra-
tive examples
xviii Preface
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Preface
* Introduction of  green fluorescent protein and its use
as a neural stain
* Introduction of the brainbow neural staining technique
* Introduction of the fMRI default mode network
* Three striking new images: green fluorescent protein,
brainbow, and default mode network
* 28 new research citations
Chapter 6: The Visual System
* Discussion of gap junctions in the retina
* Comparative analysis of color vision
* Description of transgenic mice that have an extra
photopigment
* More systematic coverage of prosopagnosia
* Introduction of akinetopsia, with two new case studies
* Discussion and new illustration of area MT of the cortex
* 24 new research citations
Chapter 7: Mechanisms of Perception: Hearing,
Touch, Smell, Taste, and Attention
* Reorganization of the coverage of the auditory system
* Updated descriptions of core, belt, and parabelt areas
of auditory cortex
* Description of the discovery of a gene associated with
the congenital absence of pain
* Discussion of the systematic layout of olfactory
receptors
* Discussion of taste receptor proteins
* Introduction of olfactory glomeruli
* 46 new research citations
Chapter 8: The Sensorimotor System
* Description of the effects of posterior parietal cortex
stimulation of conscious neurosurgical patients
* Discussion of the fact that some patients can stretch
otherwise paralyzed limbs when they yawn
* 39 new research citations
Chapter 9: Development of the Nervous System
* Explanation of the role of gap junctions in neural mi-
gration and aggregation
* Description of various triggers for apoptosis
* Emphasis of the fact that experience fine-tunes nor-
mal neural development
* Introduction of autism spectrum disorders and As-
perger s syndrome
* Review of studies of the brain damage commonly as-
sociated with autism
* 66 new research citations
Chapter 10: Brain Damage and Neuroplasticity
* Presentation of evidence that concussion can have
lasting neurological consequences
* Explanation of how viruses can be used to map neu-
ral circuits
* Systematic discussion of the epidemiology of multiple
sclerosis
* Description of various causal factors in multiple sclerosis
* Emphasis on epigenetic mechanisms in neuropsycho-
logical disorders
* Discussion of treatments for multiple sclerosis
* More systematic coverage of the role of neuroplastic
responses in recovery from brain damage
* 74 new research citations
Chapter 11: Learning, Memory, and Amnesia
* Introduction of remote memory, grid cells, and smart
drugs
* Systematic coverage of place cells, grid cells, and head-
direction cells in the hippocampus and entorhinal
cortex
* Explanation of the shortcomings of the cognitive map
theory of hippocampal function
* Critical review of the evidence on the effectiveness of
smart drugs
* 39 new research citations
Chapter 12: Hunger, Eating, and Health
* Integration of research on hunger and eating with the
thinking creatively theme
* Surgical treatment of extreme obesity with illustra-
tions of two common procedures
* Discussion of the increases in obesity typically associ-
ated with aging
* New important point: the reality of neuroplasticity is
more compatible with theories of hunger that empha-
size adaptation rather than set points
* 29 new research citations
Chapter 13: Hormones and Sex
* New section on hormones and sexual differentiation
of the brain
* Systematic evaluation of the aromatization hypothesis
* Discussion of the limitations of the female default
theory of brain development
* Examples of the independence of masculinization and
defeminization and of feminization and demasculin-
ization
* Up-to-date summary of research on the relation between
menstrual cycles and variations in the female libido
* Discussion of the role of dopamine in male reproduc-
tive behavior
* Increased emphasis on human sexual identity
* 39 new references
Chapter 14: Sleep, Dreaming, and Circadian Rhythms
* Explanation of why the findings from the comparative
study of sleep, which has been based almost entirely
on animals in captivity, can be misleading
* Updated coverage of the comparative study of sleep
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* Increased  coverage of the treatment of sleep disor-
ders
* Review of research on natural short sleepers and long
sleepers
* Reordering of sections for clearer presentation
* 63 new research citations
Chapter 15: Drug Addiction and the Brain s Reward
Circuits
* Discussion of the teratogenic effects of nicotine and
the development of nicotine addiction and its treat-
ment with nicotine patches
* Discussion of the risks of moderate alcohol drinking
* Critical evaluation of the evidence that moderate
drinking is good for the heart
* Description of the relationship between marijuana
use and schizophrenia
* New brain scans of the loss of cortex in methamphet-
amine users
* Description of the teratogenic effects of stimulants
* New brain scans of changes of dopamine binding
observed in cocaine users
* New section on current issues in addiction research
* Review of research on deaths attributable to heroin
overdose
* 80 new research citations
Chapter 16: Lateralization, Language, and the Split
Brain
* New section on the evolutionary perspective of cere-
bral lateralization and language
* New illustration of the chimeric figures test used with
split-brain patients
* Updated coverage of structural brain asymmetry
* Reduced coverage of the evidence against the Wernicke-
Geschwind model
* Discussion of why functional brain imaging evidence
does not prove causation
* 29 new research citations
Chapter 17: Biopsychology of Emotion, Stress, and
Health
* New illustration of Ekmans six primary facial expres-
sions programmed on a digitized face
* New illustration of a false smile
* Emphasis on the fact that stress can have both delete-
rious and beneficial effects on health
* New section on the cognitive neuroscience of emotion
* New brain scans showing that empathy is associated
with activity in areas of sensorimotor cortex
* New brain scan showing that the recognition of facial
expressions produces greater activity in the right
hemisphere
* New brain scans showing calcification of the amyg-
dalae in twins with Urbach-Wiethe disease
* 39 new research citations
Chapter 18: Biopsychology of Psychiatric Disorders
* Nine new figures, mostly brain images
* New discussion of the problems of diagnosis
* Discussion of the higher incidence of schizophrenia
among people whose mothers suffered the effects of
famine while pregnant
* Discussion of the relationships among hallucinogenic
drugs, serotonin, and schizophrenia
* Description of the developmental course of brain
pathology in schizophrenic patients
* Increased coverage of the concept of positive and neg-
ative symptoms of schizophrenia
* Introduction of the term mood disorder
* Description of the physical health problems associ-
ated with affective disorders
* Up-to-date discussion of SSRIs and suicide
* Improved description of mood stabilizers
* Up-to-date coverage on the effectiveness of antide-
pressants
* Description of the pathology of the amygdala and the
cingulate gyrus associated with bipolar depression
* Description of the use of chronic stimulation of the
brain through implanted electrodes to treat bipolar
depression
* Discussion of the comorbidity of anxiety and affective
disorders
* Clarification of a common misunderstanding about
rebound following the suppression of Tourette tics
* Discussion of sensorimotor cortex involvement in
Tourette syndrome
* A letter from Tourette patient, P.H.
* 50 new research citations
Pedagogical Learning Aids
Biopsychology has several features expressly designed to
help students learn and remember the material:
* Scan Your Brain study exercises appear within chapters
at key transition points,where students can benefit most
from pausing to consolidate material before continuing.
This section has discussed five commonly abused drugs. To check that you have absorbed this material, list the
major direct health hazards of each drug. To make the comparison fair, ignore the indirect hazards that result
from a drug s legal or social status.
Tobacco Alcohol Marijuana Cocaine Heroin
1. ____________ 1. ____________ 1. ____________ 1. ____________ 1. ____________
2. ____________ 2. ____________ 2. ____________ 2. ____________ 2. ____________
3. ____________ 3. ____________ 3. ____________ 3. ____________ 3. ____________
4. ____________ 4. ____________ 4. ____________ 4. ____________ 4. ____________
5. ____________ 5. ____________ 5. ____________ 5. ____________ 5. ____________
6. ____________ 6. ____________ 6. ____________ 6. ____________ 6. ____________
On the basis of comparisons
among your lists, rank the five
drugs in terms of their overall
health risks.
Most hazardous 1. ____________
2. ____________
3. ____________
4. ____________
Least hazardous 5. ____________
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Preface
* Think about  It discussion questions at the end of each
chapter challenge students to think critically and cre-
atively about the content.
* Check It Out demonstrations apply biopsychological
phenomena and concepts so that students can experi-
ence them themselves.
instructor s manual contains helpful teaching tools, in-
cluding at-a-glance grids, activities and demonstrations
for the classroom, handouts, lecture notes, chapter out-
lines, and other valuable course organization material for
new and experienced instructors.
NEW! Interactive PowerPoint Slides These slides,
available on the Instructor s DVD (0-205-03361-X), bring
highlights of this edition of Biopsychology right into the
classroom, drawing students into the lecture and provid-
ing engaging interactive activities, visuals, and videos.
Standard Lecture PowerPoint Slides (0-205-03639-2)
Created by Jeffrey Grimm, Western Washington Univer-
sity, these slides have a more traditional format, with ex-
cerpts of the text material and artwork, and are also
available on the Instructor s DVD (0-205-15055-1) as
well as online at www.pearsonhighered.com/irc.
Films for the Humanities and Sciences Video for Bi-
ological Psychology (0-205-31913-0) This 60-minute
biopsychology videotape is available to adopters of
Biopsychology. Based on the Films for the Humanities series,
this video provides students with glimpses of important
biopsychological phenomena such as sleep recording, axon
growth, memory testing in monkeys, the formation of
synapses, gender differences in brain structure, human am-
nesic patients,rewarding brain stimulation,and brain scans.
For Students
NEW! MyPsychLab (www.mypsychlab.com) MyPsychLab,
a new online student resource that replaces the CD-ROM
available with previous editions of Biopsychology, pro-
vides a wealth of study tools for students looking to clar-
ify and deepen their understanding of biopsychology
concepts. MyPsychLab contains animations and videos,
many of which were specifically designed to support, ex-
pand upon, and complement Biopsychology. Students can
immerse themselves in interactive environments using
BioFlix, a tutoring tool composed of 3-minute anima-
tions and accompanying PowerPoint® slideshows, as well
as the Virtual Brain, an interactive diagram of the brain as-
sembled with major content contributions from Deborah
Carroll, PhD and Professor of Psychology at Southern
Connecticut State University. The Virtual Brain contains
a 3D interactive brain, assessments, and real-life scenar-
ios. MyPsychLab also presents a set of self-scoring prac-
tice tests, interactive glossary flashcards, and access to
MySearchLab, a resource that can help students with all
parts of the writing process for research papers.
MyPsychLab test questions authored by Ginger LeBlanc,
Bakersfield College. Instructions on how to log onto
MyPsychLab can be found at www.mypsychlab.com.
Study Card for Physiological Psychology (0-205-45346-5)
Colorful, affordable, and packed with useful information,
If you compare the views from each eye (by quickly closing one
eye and then the other) of objects at various distances in front
of you for example, your finger held at different distances
you will notice that the
disparity between the
two views is greater for
closer objects. Now try
the mysterious demon-
stration of the cocktail
sausage. Face the far-
thest wall in the room
(or some other distant
object) and bring the
tips or your two point-
ing fingers together at
arm s length in front of you with the backs of your fingers
away from you, unless you prefer sausages with fingernails.
Now, with both eyes open, look through the notch between
your touching finger-
tips, but focus on the
wall. Do you see the
cocktail sausage be-
tween your fingertips?
Where did it come from?
To prove to yourself that
the sausage is a product
of binocularity, make it
disappear by shutting
one eye. Warning: Do
not eat this sausage.
Check It Out
BINOCULAR DISPARITY AND THE MYSTERIOUS COCKTAIL SAUSAGE
* Themes Revisited section at the end of each chapter
summarizes the ways in which the book s four major
themes relate to that chapter s subject matter.
* Key Terms appear in boldface, and other important
terms of lesser significance appear in italics.
* Appendixes serve as convenient sources of additional
information for students who want to expand their
knowledge of selected biopsychology topics.
Ancillary Materials Available
with Biopsychology
For Instructors
Pearson Education is pleased to offer the following sup-
plements to qualified adopters.
Test Bank (0-205-03358-X) The test bank for the
Eighth Edition of Biopsychology comprises more than
2,000 multiple-choice questions, including questions about
accompanying brain images. The difficulty of each item is
rated easy (1), moderate (2), or difficult (3) to assist
instructors with test construction. Each item is also la-
beled with a topic and a page reference so that instruc-
tors can easily select appropriate questions for their tests.
Textbook authors rarely prepare their own test banks; the
fact that Pinel insists on preparing the Biopsychology test
bank attests to its consistency with the text and his
commitment to helping students learn.
MyTest Test Bank (0-205-03359-8) This test bank is
available in computerized format, which allows instruc-
tors to create and print quizzes and exams. Questions and
tests can be authored online, allowing instructors maxi-
mum flexibility and the ability to efficiently manage as-
sessments anytime, anywhere. Instructors can easily
access existing questions and edit, create, and store ques-
tions using simple drag-and-drop controls. For more
information, go to www.PearsonMyTest.com.
Instructor s Manual (0-205-03357-1) Skillfully prepared
by Caroline Olko, Nassau Community College, the
 


	22. study cards make  studying easier, more efficient, and
more enjoyable. Course information is distilled down to
the basics, helping students quickly master the funda-
mentals, review for understanding, or prepare for an
exam.
A Colorful Introduction to the Anatomy of the
Human Brain, Second Edition (0-205-54874-1) This
book, written by John P. J. Pinel and Maggie Edwards,
provides an easy and enjoyable means of learning or re-
viewing the fundamentals of human neuroanatomy
through the acclaimed directed-coloring method.
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	24. To the Student
I
n  the 1960s, I was, in the parlance of the times, turned
on by an undergraduate course in biopsychology. I
could not imagine anything more interesting than a
field of science dedicated to studying the relation between
psychological processes and the brain. My initial fascina-
tion led to a long career as a student, researcher, teacher,
and writer of biopsychological science. Biopsychology is
my attempt to share my fascination with you.
I have tried to make Biopsychology a different kind of
textbook, a textbook that includes clear, concise, and well-
organized explanations of the key points but is still inter-
esting to read a book from which you might suggest a
suitable chapter to an interested friend or relative. To ac-
complish this goal, I thought about what kind of textbook
I would have liked when I was a student, and I decided
immediately to avoid the stern formality and ponderous
style of conventional textbook writing.
I wanted Biopsychology to have a relaxed and personal
style. In order to accomplish this, I imagined that you and
I were chatting as I wrote, and that I was telling you
usually over a glass of something about the interesting
things that go on in the field of biopsychology. Imagining
these chats kept my writing from drifting back into con-
ventional textbookese, and it never let me forget that I
was writing this book for you.
I am particularly excited, and a bit nervous, about this
edition of Biopsychology. This edition marks the first time
that I am trying to share something about biopsychological
research that has fascinated me throughout my career:
Often science and creativity are considered to be oppo-
sites, but in my experience many of the major advances in
biopsychological science have resulted from creative
thinking. These major advances have been made by
biopsychologists who have recognized that there are alter-
natives to the conventional ways of thinking about
biopsychological issues that have been engrained in them
by their culture and training and have adopted creative
new approaches. Two things in particular have fascinated
me about the interplay between creative thinking and
biopsychological science: how difficult it is to identify and
shed conventional approaches even when they clearly
haven t been working, and how often solutions to long-
standing problems become apparent when they are ap-
proached from a new perspective. I hope that my focus on
creative thinking makes the study of biopsychology more
interesting for you and that it helps you become a more
creative thinker.
I hope that Biopsychology teaches you much, and that
reading it generates in you the same positive feelings that
writing it did in me. If you are so inclined, I welcome your
comments and suggestions.You can contact me at the De-
partment of Psychology, University of British Columbia,
Vancouver, BC, Canada,V6T 1Z4,or at the following e-mail
address:
jpinel@psych.ubc.ca
About the Author
John Pinel, the author of Biopsychology, obtained his
Ph.D. from McGill University in Montreal and worked
briefly at the Massachusetts Institute of Technology be-
fore taking a faculty position at the University of British
Columbia in Vancouver, where he is currently Professor
Emeritus. Professor Pinel is an award-winning teacher
and the author of over 200 scientific papers. However, he
feels that Biopsychology is his major career-related accom-
plishment: It ties together everything I love about my
job: students, teaching, writing, and research.
Pinel attributes much of his success to his wife, Maggie,
who is an artist and professional designer. Over the years,
they have collaborated on many projects, and the high
quality of Biopsychology s illustrations is largely attributa-
ble to her skill and effort.
Pinel is an enthusiastic West African drummer who
performs at local clubs, festivals, and drum circles with
Nigerian drum master Kwasi Iruoje. For relaxation, his
favorite pastime is cuddling his three cats: Rastaman,
Sambala, and Squeak.
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	25. Biopsychology
as a Neuroscience
What  Is Biopsychology, Anyway?
1.1 What Is Biopsychology?
1.2 What Is the Relation between Biopsychology
and the Other Disciplines of Neuroscience?
1.3 What Types of Research Characterize the
Biopsychological Approach?
1.4 What Are the Divisions of Biopsychology?
1.5 Converging Operations: How Do
Biopsychologists Work Together?
1.6 Scientific Inference: How Do Biopsychologists
Study the Unobservable Workings of the
Brain?
1.7 Critical Thinking about Biopsychological
Claims
1
 


	26. traveling to the  moon and to
the depths of the sea; and of
experiencing the wonders of
an alpine sunset, a new-
born infant, and a re-
verse slam dunk
must be complex.
Paradoxically, neuroscience (the scientific
study of the nervous system) may prove to
be the brains ultimate challenge: Does
the brain have the capacity to under-
stand something as complex as itself?
Neuroscience comprises several re-
lated disciplines. The primary pur-
pose of this chapter is to introduce
you to one of them: biopsychology.
Each of this chapter s seven sections
characterizes the neuroscience of
biopsychology in a different way.
Before you proceed to the body of
this chapter, I would like to tell you about
two things: (1) the case of Jimmie G.,
which will give you a taste of the interesting
things that lie ahead, and
(2) the major themes of this
book.
T
he appearance of the human brain is far from im-
pressive (see Figure 1.1). The human brain is a
squishy, wrinkled, walnut-shaped hunk of tissue
weighing about 1.3
kilograms. It looks
more like some-
thing that you
might find washed up on a beach than
like one of the wonders of the world
which it surely is. Despite its disagree-
able external appearance, the human
brain is an amazingly intricate net-
work of neurons (cells that receive
and transmit electrochemical sig-
nals). Contemplate for a moment
the complexity of your own brain s
neural circuits. Consider the 100
billion neurons in complex array
(see Azevedo et al., 2009), the esti-
mated 100 trillion connections among
them, and the almost infinite number of
paths that neural signals can follow
through this morass. The complexity of the
human brain is hardly surprising, considering
what it can do. An organ capable of creating a Mona
Lisa, an artificial limb, and a supersonic aircraft; of
2 Chapter 1 * Biopsychology as a Neuroscience
FIGURE 1.1 The human brain.
The Case of Jimmie G., the Man Frozen in Time
Jimmie G. was a good-looking, friendly 49-year-old. He
liked to talk about his school days and his experiences in
the navy, which he was able to describe in detail. Jimmie
was an intelligent man with superior abilities in math
and science. In fact, it was not readily apparent why he
was a resident of a neurological ward.
When Jimmie talked about his past, there was a hint
of his problem. When he talked about his school days, he
used the past tense; when he recounted his early experi-
ences in the navy, however, he switched to the present
tense. More worrisome was that he never talked about
anything that happened to him after his time in the navy.
Jimmie G. was tested by eminent neurologist Oliver
Sacks, and a few simple questions revealed a curious
fact: The 49-year-old patient believed that he was 19.
When he was asked to describe what he saw in a mirror,
Jimmie became so frantic and confused that Dr. Sacks
immediately took the mirror out of the room.
Returning a few minutes later, Dr. Sacks was greeted
by a once-again cheerful Jimmie, who acted as if he had
never seen Sacks before. Indeed, even when Sacks sug-
gested that they had met recently, Jimmie was certain
that they had not.
Then Dr.Sacks asked where Jimmie thought he was.Jim-
mie replied that all the beds and patients made him think
that the place was a hospital. But he couldnt understand
why he would be in a hospital. He was afraid that he might
have been admitted because he was sick, but didn t know it.
Further testing confirmed what Dr. Sacks feared. Al-
though Jimmie had good sensory, motor, and cognitive
abilities, he had one terrible problem: He forgot every-
thing that was said or shown to him within a few seconds.
Basically, Jimmie could not remember anything that had
happened to him since his early 20s, and he was not
going to remember anything that happened to him for
the rest of his life. Sacks was stunned by the implications
of Jimmie s condition.
Jimmie G.s situation was heart-wrenching. Unable to
form new lasting memories, he was, in effect, a man
frozen in time, a man without a recent past and no
prospects for a future, stuck in a continuous present, lack-
ing any context or meaning.
( The Case of Jimmie G., the Man Frozen in Time, reprinted with the per-
mission of Simon & Schuster Adult Publishing Group from The Man Who
Mistook His Wife for a Hat and Other Clinical Tales by Oliver Sacks. Copy-
right © 1970, 1981, 1983, 1984, 1986 by Oliver Sacks.)
Simulate
Visit the Virtual Brain, an
interactive tool that allows you
to explore Biopsychology
through simulations, videos,
and quizzes.
www.mypsychlab.com
Simulate
How Neurons Work
www.mypsychlab.com
 


	27. This book focuses  on the interplay between brain dys-
function and biopsychology, and each major example of
that interplay is highlighted by a clinical implications tab.
The Evolutionary Perspective Although the events
that led to the evolution of the human species can never
be determined with certainty, thinking of the environ-
mental pressures that likely led to the evolution of our
brains and behavior often leads to important biopsy-
chological insights. This approach is
called the evolutionary perspective. An
important component of the evolutionary
perspective is the comparative approach (trying to under-
stand biological phenomena by comparing them in different
species). You will learn throughout the text that we humans
have learned much about ourselves by studying species that
are related to us through evolution. The evolutionary ap-
proach has proven to be one of the cornerstones of modern
biopsychological inquiry. Each discussion that relates to the
evolutionary perspective is marked by an evolutionary per-
spective tab. A closely related topic, the genetics of behavior,
is covered in Chapter 2.
Neuroplasticity Until the early 1990s, most neurosci-
entists thought of the brain as a three-dimensional array
of neural elements wired together in a massive net-
work of circuits. The complexity of this wiring dia-
gram of the brain was staggering, but it failed to
capture one of the brain s most important features. In
the last two decades, research has clearly
demonstrated that the adult brain is not
a static network of neurons: It is a plastic
(changeable) organ that continuously grows and changes
in response to the individual s genes and experiences. The
discovery of neuroplasticity, arguably the single most in-
fluential discovery in modem neuroscience, is currently
influencing many areas of biopsychological research.
Each example of such research is marked in this book by
a neuroplasticity tab.
1.1
What Is Biopsychology?
Biopsychology is the scientific study of the biology of
behavior see Dewsbury (1991). Some refer to this
field as psychobiology, behavioral biology, or behavioral
neuroscience; but I prefer the term biopsychology because it
denotes a biological approach to the study of psychology
rather than a psychological approach to the study of biol-
ogy: Psychology commands center stage in this text.
Psychology is the scientific study of behavior the scientific
study of all overt activities of the organism as well as all the
internal processes that are presumed to underlie them (e.g.,
learning, memory, motivation, perception, and emotion).
3
1.1 * What Is Biopsychology?
Remember Jimmie G.; you will encounter him again,
later in this chapter.
Four Major Themes of This Book
You will learn many new facts in this book new find-
ings, concepts, terms, and the like. But more impor-
tantly, many years from now, long after you have
forgotten most of those facts,
you will still be carrying with
you productive new ways of
thinking. I have selected four
of these for special emphasis:
They are the major themes of
this book.
To help you give these themes the special attention
they deserve and to help you follow their development
as you progress though the book, I have marked relevant
passages with tabs. The following are the four major
themes and their related tabs.
Thinking Creatively about Biopsychology Because
many biopsychological topics are so interesting (as you
have already seen in the case of Jimmie G.) and relevant
to everyday life, we are fed a steady diet of biopsycholog-
ical information and opinion by television, newspa-
pers, the Internet, friends, relatives, books, teachers, etc.
As a result, you almost certainly hold strong views, based
on conventional wisdom, about many of the topics that
you are going to encounter in this book. Because these
preconceptions are shared by many biopsychological
researchers, they have often impeded scientific progress.
But, some of the most important advances in biopsycho-
logical science have been made by researchers who have
managed to overcome the restrictive effects of conven-
tional thinking and have taken creative new approaches
that are consistent with the evidence. Indeed, thinking
creatively (thinking in productive, unconventional ways)
is the cornerstone of any science. The thinking creatively
tab marks points in the text where I
describe research that involves
thinking outside the box, where I
have tried to be creative myself in the analysis of the research
that I am presenting, and where I encourage you to base
your thinking on the evidence rather than on widely
accepted views.
Clinical Implications Clinical (pertaining to illness or
treatment) considerations are woven through the fabric
of biopsychology. There are two aspects to clinical impli-
cations: Much of what biopsychologists
learn about the functioning of the nor-
mal brain comes from studying the dis-
eased or damaged brain; and, conversely, much of what
biopsychologists discover has relevance for the treatment
of brain disorders.
Watch
Watch the author explain how
and why the themes of Biopsy-
chology have been highlighted
for your convenience.
www.mypsychlab.com
Thinking Creatively
Evolutiona
Perspective
Ne roplasticity
Clinical
Implications
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The study of the biology of behavior has a long his-
tory, but biopsychology did not develop into a major
neuroscientific discipline until the 20th century. Al-
though it is not possible to specify the exact date of
biopsychology s birth, the publication of The Organiza-
tion of Behavior in 1949 by D. O. Hebb played a key role
in its emergence (see Brown & Milner, 2003; Cooper,
2005; Milner, 1993). In his book, Hebb developed the
first comprehensive theory of how complex psychologi-
cal phenomena, such as perceptions, emotions, thoughts,
and memories, might be produced by brain activity.
Hebb s theory did much to discredit the view that psy-
chological functioning is too complex to have its roots in
the physiology and chemistry of the brain. Hebb based
his theory on experiments involving both humans and
laboratory animals, on clinical case studies, and on logi-
cal arguments developed from his own insightful obser-
vations of daily life. This eclectic approach has become a
hallmark of biopsychological inquiry.
In comparison to physics, chemistry, and biology,
biopsychology is an infant a healthy, rapidly growing
infant, but an infant nonetheless. In this book, you will
reap the benefits of biopsychology s youth. Because
biopsychology does not have a long and complex history,
you will be able to move directly to the excitement of cur-
rent research.
1.2
What Is the Relation between
Biopsychology and the Other
Disciplines of Neuroscience?
Neuroscience is a team effort, and biopsychologists are
important members of the team (see Albright, Kandel, &
Posner, 2000; Kandel & Squire, 2000). Biopsychology can
be further defined by its relation to other neuroscientific
disciplines.
Biopsychologists are neuroscientists who bring to their
research a knowledge of behavior and of the methods of
behavioral research. It is their behavioral orientation and
expertise that make their contribution to neuroscience
unique (see Cacioppo & Decety, 2009). You will be able to
better appreciate the importance of this contribution if
you consider that the ultimate purpose of the nervous
system is to produce and control behavior (see Grillner &
Dickinson, 2002).
Biopsychology is an integrative discipline. Biopsychol-
ogists draw together knowledge from the other neurosci-
entific disciplines and apply it to the study of behavior.
The following are a few of the disciplines of neuroscience
that are particularly relevant to biopsychology:
Neuroanatomy. The study of the structure of the
nervous system (see Chapter 3).
Neurochemistry. The study of the chemical bases of
neural activity (see Chapter 4).
Neuroendocrinology. The study of interactions be-
tween the nervous system and the endocrine system
(see Chapters 13 and 17).
Neuropathology. The study of nervous system disor-
ders (see Chapter 10).
Neuropharmacology. The study of the effects of drugs
on neural activity (see Chapters 4, 15, and 18).
Neurophysiology. The study of the functions and ac-
tivities of the nervous system (see Chapter 4).
1.3
What Types of Research
Characterize the
Biopsychological Approach?
Although biopsychology is only one of many disciplines
that contribute to neuroscience, it is itself broad and di-
verse. Biopsychologists study many different phenom-
ena, and they approach their research in many different
ways. In order to characterize biopsychological research,
this section discusses three major dimensions along
which approaches to biopsychological research vary.
Biopsychological research can involve either human or
nonhuman subjects; it can take the form of either formal
experiments or nonexperimental studies; and it can be
either pure or applied.
Human and Nonhuman Subjects
Both human and nonhuman animals are the subject of
biopsychological research. Of the nonhumans, rats are
the most common subjects; however, mice, cats, dogs, and
nonhuman primates are also widely studied.
Humans have several advantages over other animals as
experimental subjects of biopsychological research: They
can follow instructions, they can report their subjective
experiences, and their cages are easier to clean. Of course,
I am joking about the cages, but the joke does serve to
draw attention to one advantage that humans have over
other species of experimental subjects: Humans are often
cheaper. Because only the highest standards of animal
care are acceptable, the cost of maintaining an animal lab-
oratory can be prohibitive for all but the most well-
funded researchers.
Of course, the greatest advantage that humans have
as subjects in a field aimed at understanding the intrica-
cies of human brain function is that they have human
brains. In fact, you might wonder why
biopsychologists would bother studying
nonhuman subjects at all. The answer lies
in the evolutionary continuity of the brain. The brains
Evolutiona
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	29. of humans differ  from the brains of other mammals pri-
marily in their overall size and the extent of their corti-
cal development. In other words, the differences
between the brains of humans and those of related
species are more quantitative than qualitative, and thus
many of the principles of human brain function can be
clarified by the study of nonhumans (see Nakahara et al.,
2002; Passingham, 2009; Platt & Spelke, 2009).
Conversely, nonhuman animals have three advantages
over humans as subjects in biopsychological research. The
first is that the brains and behavior of nonhuman subjects
are simpler than those of human subjects. Hence, the
study of nonhuman species is more likely to reveal funda-
mental brain behavior interactions. The second advan-
tage is that insights frequently arise from the comparative
approach, the study of biological processes by comparing
different species. For example, comparing the behavior of
species that do not have a cerebral cortex with the behav-
ior of species that do can provide valuable clues about
cortical function. The third advantage is that it is possible
to conduct research on laboratory animals that, for ethi-
cal reasons, is not possible with human subjects. This is
not to say that the study of nonhuman animals is not gov-
erned by a strict code of ethics (see Demers et al., 2006;
Goldberg & Hartung, 2006) it is. However, there are
fewer ethical constraints on the study of laboratory
species than on the study of humans.
In my experience, most biopsychologists display con-
siderable concern for their subjects, whether they are of
their own species or not; however, ethical issues are not
left to the discretion of the individual researcher. All
biopsychological research, whether it involves human or
nonhuman subjects, is regulated by independent com-
mittees according to strict ethical guidelines: Researchers
cannot escape the logic that if the animals we observe are
reasonable models of our own most intricate actions,
then they must be respected as we would respect our own
sensibilities (Ulrich, 1991, p. 197).
If you are concerned about the ethics of biopsycholog-
ical research on nonhuman species, be sure to read the
Check It Out feature.
Experiments and Nonexperiments
Biopsychological research involves both experiments and
nonexperimental studies. Two common types of nonex-
perimental studies are quasiexperimental studies and case
studies.
Experiments The experiment is the method used by
scientists to study causation, that is, to find out what
causes what. As such, it has been almost single-handedly
responsible for the knowledge that is the basis for our
modern way of life. It is paradoxical that a method capa-
ble of such complex feats is itself so simple. To conduct an
experiment involving living subjects, the experimenter
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first designs two or more conditions under which the
subjects will be tested. Usually, a different group of sub-
jects is tested under each condition (between-subjects
design), but sometimes it is possible to test the same
group of subjects under each condition (within-subjects
design). The experimenter assigns the subjects to condi-
tions, administers the treatments, and measures the out-
come in such a way that there is only one relevant
difference between the conditions that are being com-
Ethical issues are never straightforward. Is the stress on
nonhuman animals caused by being research subjects
outweighed by the potential benefits of the research? Web
sites addressing this question fall into one of two cate-
gories: those that argue that the ethics of research on non-
human animals is a complex issue that needs careful
consideration, and those that oppose the use of nonhuman
animals as research subjects under any circumstance.
I do not want to influence your position on this ques-
tion; I am still wrestling with aspects of it myself. How-
ever, I think that it is important to warn you against
people who take extreme positions on difficult and com-
plex issues. Often their positions are based on emotion
and misconception rather than on a careful consideration
of the evidence. Please check out sites from the following
two lists.
For the Responsible Use of Nonhuman Animals
in Research
American Psychological Association (APA): Guidelines for
Ethical Conduct in the Care and Use of Animals
www.apa.org/science/leadership/care/guidelines.aspx
Understanding Animal Research
www.understandinganimalresearch.org.uk
Animal Research for Life
www.animalresearchforlife.eu
American Physiological Society (APS): Animal Research
www.the-aps.org/pa/policy/animals/intro.htm
Against the Use of Nonhuman Animals
in Research Under Any Circumstance
Uncaged: Protecting Animals
www.uncaged.co.uk
National Anti-Vivisection Society (NAVS)
www.navs.org
Stop Animal Tests
www.stopanimaltests.com
Check It Out
THE ETHICS OF BIOPSYCHOLOGICAL
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	30. pared. This difference  between the conditions is called the
independent variable. The variable that is measured by
the experimenter to assess the effect of the independent
variable is called the dependent variable. If the experi-
ment is done correctly, any differences in the dependent
variable between the conditions must have been caused
by the independent variable.
Why is it critical that there be no differences between
conditions other than the independent variable? The rea-
son is that when there is more than one difference that
could affect the dependent variable, it is difficult to deter-
mine whether it was the independent variable or the unin-
tended difference called a confounded variable that
led to the observed effects on the dependent variable. Al-
though the experimental method is conceptually simple,
eliminating all confounded variables can be quite diffi-
cult. Readers of research papers must be constantly on the
alert for confounded variables that have gone unnoticed
by the experimenters themselves.
An experiment by Lester and Gorzalka (1988) illus-
trates the experimental method in action. The experiment
was a demonstration of the Coolidge effect. The Coolidge
effect is the fact that a copulating male who becomes inca-
pable of continuing to copulate with one sex partner can
often recommence copulating with a new sex partner (see
Figure 1.2). Before your imagination starts running wild, I
should mention that the subjects in Lester and Gorzalkas
experiment were hamsters, not students from the under-
graduate subject pool.
Lester and Gorzalka argued that the Coolidge effect
had not been demonstrated in females because it is more
difficult to conduct well-controlled Coolidge-effect ex-
periments with females not because females do not dis-
play a Coolidge effect. The confusion, according to Lester
and Gorzalka, stemmed from the fact that the males of
most mammalian species become sexually fatigued more
readily than do the females. As a result, attempts to
demonstrate the Coolidge effect in females are often con-
founded by the fatigue of the males. When, in the midst
of copulation, a female is provided with a new sex part-
ner, the increase in her sexual receptivity could be either a
legitimate Coolidge effect or a reaction to the greater
vigor of the new male. Because female mammals usually
display little sexual fatigue, this confounded variable is
not a serious problem in demonstrations of the Coolidge
effect in males.
Lester and Gorzalka devised a clever new procedure to
control for this confounded variable. At the same time
that a female subject was copulating with one male (the
familiar male), the other male to be used in the test (the
unfamiliar male) was copulating
with another female. Then, both
males were given a rest while the fe-
male was copulating with a third male. Finally, the female
subject was tested with either the familiar male or the un-
familiar male. The dependent variable was the amount of
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time that the female displayed lordosis (the arched-back,
rump-up, tail-diverted posture of female rodent sexual re-
ceptivity) during each sex test. As Figure 1.3 illustrates, the
females responded more vigorously to the unfamiliar
males than they did to the familiar males during the third
test, despite the fact that both the unfamiliar and familiar
males were equally fatigued and both mounted the females
with equal vigor. This experiment illustrates the impor-
tance of good experimental design as well as making a
point that you will encounter in Chapter 13: that males and
females are more similar than many people appreciate.
FIGURE 1.2 President Calvin Coolidge and Mrs. Grace
Coolidge. Many students think that the Coolidge effect is named
after a biopsychologist named Coolidge. In fact, it is named after
President Calvin Coolidge, of whom the following story is told.
(If the story isn t true, it should be.) During a tour of a poultry
farm, Mrs. Coolidge inquired of the farmer how his farm man-
aged to produce so many eggs with such a small number
of roosters. The farmer proudly explained that his roosters
performed their duty dozens of times each day.
Perhaps you could point that out to Mr. Coolidge, replied
the First Lady in a pointedly loud voice.
The President, overhearing the remark, asked the farmer,
Does each rooster service the same hen each time?
No, replied the farmer, there are many hens for each
rooster.
Perhaps you could point that out to Mrs. Coolidge, replied
the President.
Thinking Creatively
 


	31. Quasiexperimental Studies It  is not possible for
biopsychologists to bring the experimental method to
bear on all problems of interest to them. There are fre-
quently physical or ethical impediments that make it
impossible to assign subjects to particular conditions
or to administer the conditions once the subjects have
been assigned to them. For example, experiments on
the causes of brain damage in human alcoholics are
not feasible because it would not be ethical to assign a
subject to a condition that involves years of alcohol
consumption. (Some of you may be more concerned
about the ethics of assigning subjects to a control con-
dition that involves years of sobriety.) In such prohib-
itive situations, biopsychologists sometimes conduct
quasiexperimental studies studies of groups of sub-
jects who have been exposed to the conditions of inter-
est in the real world. These studies have the appearance
of experiments, but they are not true experiments be-
cause potential confounded variables have not been
controlled for example, by the random assignment of
subjects to conditions.
In one quasiexperimental study, a team of re-
searchers compared 100 detoxified male alcoholics
from an alcoholism treatment unit with 50 male non-
drinkers obtained from various sources (Acker et al.,
1984). The alcoholics as a group performed more
poorly on various tests of perceptual, motor, and cogni-
tive ability, and their brain scans revealed extensive
7
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brain damage. Although this quasiexperimental study
seems like an experiment, it is not. Because the partici-
pants themselves decided which group they would be
in by drinking alcohol or not the researchers had no
means of ensuring that exposure to alcohol was the
only variable that distinguished the two groups. Can
you think of differences other than exposure to alcohol
that could reasonably be expected to exist between a
group of alcoholics and a group of abstainers differ-
ences that could have contributed to the neuroanatom-
ical or intellectual differences that were observed
between them? There are several. For example, alco-
holics as a group tend to be more poorly educated,
more prone to accidental head injury, more likely to use
other drugs, and more likely to have poor diets. Accord-
ingly, quasiexperimental studies have revealed that al-
coholics tend to have more brain damage than
nonalcoholics, but such studies have not indicated why.
Have you forgotten Jimmie G.? His condition was a
product of long-term alcohol consumption.
Case Studies Studies that focus on a single case or sub-
ject are called case studies. Because they focus on a single
case, they often provide a more in-depth picture than that
provided by an experiment or a quasiexperimental study,
and they are an excellent source of testable hypotheses.
However, there is a major problem with all case studies:
their generalizability the degree to which their results
can be applied to other cases. Because humans differ from
one another in both brain function and behavior, it is im-
portant to be skeptical of any biopsychological theory
based entirely on a few case studies.
Pure and Applied Research
Biopsychological research can be either pure or applied.
Pure research and applied research differ in a number of
respects, but they are distinguished less by their own at-
tributes than by the motives of the individuals involved in
their pursuit. Pure research is research motivated prima-
rily by the curiosity of the researcher it is done solely for
the purpose of acquiring knowledge. In contrast, applied
research is research intended to bring about some direct
benefit to humankind.
Many scientists believe that pure research will ulti-
mately prove to be of more practical benefit than applied
research. Their view is that applications flow readily from
an understanding of basic principles and that attempts to
move directly to application without first gaining a basic
understanding are shortsighted. Of course, it is not neces-
sary for a research project to be completely pure or com-
pletely applied; many research programs have elements of
both approaches.
One important difference between pure and applied
research is that pure research is more vulnerable to the
vagaries of political regulation because politicians and the
FIGURE 1.3 The experimental design and results of Lester and
Gorzalka (1988). On the third test, the female hamsters were
more sexually receptive to an unfamiliar male than they were to
the male with which they had copulated on the first test.
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	32. voting public have  difficulty understanding why research
of no immediate practical benefit should be supported. If
the decision were yours, would you be willing to grant
hundreds of thousands of dollars to support the study of
squid motor neurons (neurons that control muscles),
learning in recently hatched geese, the activity of single
nerve cells in the visual systems of monkeys, the hormones
released by the hypothalamus (a small neural structure at
the base of the brain) of pigs and sheep, or the function of
the corpus callosum (the large neural pathway that con-
nects the left and right halves of the brain)? Which, if any,
of these projects would you consider worthy of support?
Each of these seemingly esoteric projects was supported,
and each earned a Nobel Prize for the scientist(s) involved.
Table 1.1 lists some of the Nobel Prizes awarded for re-
search related to the brain and behavior (see Benjamin,
2003). The purpose of this list is to give you a general sense
of the official recognition that behavioral and brain re-
search has received, not to have you memorize the list. You
will learn later in the chapter
that, when it comes to evalu-
ating science, the Nobel Com-
mittee has not been infallible.
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1.4
What Are the Divisions
of Biopsychology?
As you have just learned, biopsychologists conduct their
research in a variety of fundamentally different ways.
Biopsychologists who take the same approaches to their
research tend to publish their research in the same jour-
nals, attend the same scientific meetings, and belong to
the same professional societies. The particular approaches
to biopsychology that have flourished and grown have
gained wide recognition as separate divisions of biopsy-
chological research. The purpose of this section of the
chapter is to give you a clearer sense of biopsychology and
its diversity by describing six of its major divisions: (1)
physiological psychology, (2) psychopharmacology, (3)
neuropsychology, (4) psychophysiology, (5) cognitive
neuroscience, and (6) comparative psychology. For sim-
plicity, they are presented as distinct approaches; but
there is much overlap among them, and many biopsy-
chologists regularly follow more than one approach.
TABLE 1.1 Nobel Prizes Specifically Related to the Nervous System or Behavior
Nobel Winner Date Accomplishment
Ivan Pavlov 1904 Research on the physiology of digestion
Camillo Golgi and Santiago Romón y Cajal 1906 Research on the structure of the nervous system
Charles Sherrington and Edgar Adrian 1932 Discoveries about the functions of neurons
Henry Dale and Otto Loewi 1936 Discoveries about the transmission of nerve impulses
Joseph Erlanger and Herbert Gasser 1944 Research on the functions of single nerve fibers
Walter Hess 1949 Research on the role of the brain in behavior
Egas Moniz 1949 Development of prefrontal lobotomy
Georg von Békésy 1961 Research on the auditory system
John Eccles, Alan Hodgkin, and Andrew Huxley 1963 Research on the ionic basis of neural transmission
Ragnor Granit, Haldan Hartline, and George Wald 1967 Research on the chemistry and physiology of vision
Bernard Katz, Ulf von Euler, and Julius Axelrod 1970 Discoveries related to synaptic transmission
Karl Von Frisch, Konrad Lorenz, and Nikolass Tinbergen 1973 Studies of animal behavior
Roger Guillemin and Andrew Schally 1977 Discoveries related to hormone production by the brain
Herbert Simon 1979 Research on human cognition
Roger Sperry 1981 Research on separation of the cerebral hemispheres
David Hubel and Torsten Wiesel 1981 Research on neurons of the visual system
Rita Levi-Montalcini and Stanley Cohen 1986 Discovery and study of nerve growth factors
Erwin Neher and Bert Sakmann 1991 Research on ion channels
Alfred Gilman and Martin Rodbell 1994 Discovery of G-protein coupled receptors
Arvid Carlsson, Paul Greengard, and Eric Kandel 2000 Discoveries related to synaptic transmission
Linda Buck and Richard Axel 2004 Research on the olfactory system
Simulate
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