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This is the second edition of Learning and Memory: From Brain to Behavior, fol-
lowing the success of our first edition, published in 2008. The new edition 
continues our approach of presenting a comprehensive, accessible, and engaging 

introduction to the scientific study of learning and memory. The biggest change we 
have introduced in the second edition is the adapting of chapters into a new, modular 
table of contents that allows the course to be taught in any of at least four different 
ways: (1) Learning first, then Memory; (2) Memory first, then Learning; (3) Memory 
only; or (4) Learning only. This new organization, in which the book as a whole is 
divided into conceptual modules consisting of from two to four chapters each, extends 
the theme established in the first edition (and continued here) in which all the core 
chapters have the same three subsections: Behavioral Processes, Brain Substrates, and 
Clinical Perspectives. As explained in more detail below, the innovative organization 
of our second edition results in a highly flexible curriculum suited to the many differ-
ent ways that teachers prefer to teach this material. Other notable changes since the 
first edition include 

■ Increased use of real-world examples, concrete applications, and clinically relevant 
perspectives.

■ Enhancement and integration of pedagogy to help students assess their own progress 
and understanding. By integrating pedagogy into the body of each chapter, we 
provide students with immediate practice and feedback, help them organize and 
prioritize information, and generally assist them in using the book more effectively. 

■ Stronger and more extensive teacher support through supplemental materials and 
a complete, ready-to-use package of PowerPoint slides for each section of each 
 chapter.

■ Expanded tutorial discussions of anatomy and biochemistry for students with little or no 
biology background.

■ Even more integration of topics across chapters, highlighting connections between 
themes and concepts that arise repeatedly in different parts of the book.

■ About 20% new references, reflecting rapid recent advances in the field and emphasiz-
ing important breakthroughs in all aspects of learning and memory research since 
the publication of the first edition in 2008.

As detailed in the following discussions, Learning and Memory: From Brain to Behavior, 
2nd Edition, is notable among textbooks in its field for the flexibility of its novel 
modular structure and for its strong neuroscience focus, integrative coverage of ani-
mal learning and human memory, engaging writing style, helpful pedagogical features 
incorporated throughout each chapter, extensive four-color art program, and empha-
sis on showing students how basic research has direct implications for everyday life 
and clinical practice. 

Flexible Modular Table of Contents—New for 2nd Edition
There are at least four different ways in which teachers can choose to teach this  
material:

1. Learning only. Focusing on animal conditioning and behaviorist approaches; 
teachers may or may not include neuroscience perspectives.

2. Memory only. Focusing primarily on human memory and cognition; teachers 
include varying degrees of cognitive neuroscience perspectives.

3. Learning, then memory. Starting with basic learning phenomena such as habitu-
ation, sensitization, and associative conditioning—phenomena most extensively 
studied in animals—and progressing to the more complex facets of human memory. 

PREFACE
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Neuroscience coverage, when included, begins with the most elemental 
building blocks of neurons and circuits and works up to the larger anatomical 
perspectives required by the human memory studies.

4. Memory, then learning. Here, teachers start with the most engaging and 
familiar material on human memory, including its many failings and idio-
syncrasies, topics that students usually find especially relevant and appeal-
ing. As the course progresses, teachers present material on how human 
memory is built up from basic processes that can be studied in greater 
precision in animal models. Neuroscience coverage begins with the most 
accessible and easily understandable big-picture view of anatomical regions 
and their functional relevance and then works toward presenting the 
greater detail and neuronal focus of studies that can be done invasively in 
animal preparations, especially studies of conditioning and other forms of 
associative learning.

Does the field really need four different types of textbooks to support the 
diversity of approaches to teaching this material? In the past, the answer was, 
unfortunately, “yes”: every textbook followed one of these approaches, and 
instructors had to find the book whose orientation, organization, and coverage 
best matched their own plans for the course. However, with the introduction 
this year of Learning and Memory: From Brain to Behavior, 2nd Edition, there is 
now available, for the first time, a single textbook that is sufficiently modular in 
its overall structure and in the execution of individual chapters to accommodate 
all four approaches to teaching this material. 

How can one textbook suit every teaching approach?
To accomplish this feat, we have divided the book into four multichapter 
modules: 

■ The Introductory Module is the natural starting point for all courses; teach-
ers can assign either or both of two introductory chapters, one a conceptual 
and historical overview of the study of psychology and behavior, the other an 
introduction to the neuroscience of learning and memory. 

■ The heart of the book consists of two “parallel” modules, the Learning 
Module and the Memory Module. These can be covered singly (for those 
teachers who wish to teach only learning or only memory) or in either order, 
allowing for a learning-then-memory syllabus or a memory-then-learning 
syllabus. Each of these modules is a self-contained collection of chapters, 
neither of which assumes that the student has read the other module. The 
Learning Module has four chapters, covering non-associative learning (pri-
marily habituation and sensitization); classical conditioning; instrumental 
conditioning; and, finally, generalization, discrimination, and similarity. The 
Memory Module has three chapters, covering episodic and semantic memory, 
skill memory, and working memory and cognitive control. 

■ The final module of the book, the Integrative Topics Module, consists 
of three optional stand-alone chapters (so that any subset of the three can 
be assigned), covering emotional learning and memory, social learning and 
memory, and lifespan changes in learning and memory, from prenatal devel-
opment to old age.

Given the book’s flexible, modifiable, and modular structure, we believe 
we have written the first textbook for every instructor in the fields of learning 
and/or memory, reflecting and respecting the heterogeneity and diversity of the 
many different approaches to teaching this material. 
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Can this book be used for a Principles of Learning and Behavior course?
Indeed it can. Although more and more colleges are offering courses that inte-
grate animal learning and human memory and include ever-increasing amounts 
of neuroscience, there are still a large number of teachers who prefer to focus 
primarily on animal learning and conditioning, along with modest coverage of 
related studies of human associative learning, all presented primarily from a 
behavioral perspective. 

For such a course, we recommend starting with Chapter 1, “The Psychology 
of Learning and Memory,” then covering the four chapters of the Learning 
Module (Chapters 3 through 6), and concluding with Chapter 10, “Emotional 
Influences on Learning and Memory,” which examines key topics in fear con-
ditioning. Together these six chapters present a lucid, compelling, accessible, 
and engaging introduction to the principles of learning and behavior. We rec-
ognize, of course, that six chapters cannot provide as much detailed coverage as 
a single-approach textbook with 12 or more chapters on these topics. For this 
reason, we have included extensive additional materials on learning and behav-
ior in the teacher’s supplemental materials for the Learning Module chapters. 
These materials provide the additional flexibility and content to support spend-
ing two weeks, rather than one week, on each of the four Learning Module 
chapters. This combination of textbook and supplemental materials serves well 
the  teacher who wishes to spend 10 or more weeks on principles of learning and 
behavior with a primary focus on animal learning and conditioning.

Specialized learning and behavior textbooks are often dry and unappealing 
to most students. By adopting our book, instructors who prefer the learning 
and behavior approach will be providing their students with a text that has a 
uniquely engaging writing style, helpful integrated pedagogy, extensive four-
color art, and a strong focus on showing students how basic research has direct 
implications for everyday life and clinical practice.

Neuroscience Focus
Neuroscience has altered the landscape for behavioral research, shifting priori-
ties and changing our ideas about the brain mechanisms of behavior. Learning 
and Memory: From Brain to Behavior integrates neuroscience research into 
each chapter, emphasizing how new findings from neuroscience have allowed 
psychologists to consider the functional and physiological mechanisms that 
underlie the behavioral processes of learning and memory. Chapter 2, “The 
Neuroscience of Learning and Memory,” offers an accessible introduction 
to neuroscience for students unfamiliar with the basics of brain structure and 
function. Thereafter, the “Brain Substrates” section of each of the book’s core 
chapters (3 through 12) presents the neuroscience perspectives relevant to the 
chapter topic, to be assigned or not as the teacher wishes (omitted by those 
teachers who prefer to present only a behavioral perspective).

Integrated Presentation of Learning and Memory 
Research across Species
The field of learning and memory has undergone enormous changes over the 
last decade, primarily as a result of new developments in neuroscience. As we 
have gained a greater understanding of the neurobiological bases of behavior, 
the strict conceptual boundary between the biological approach and the psycho-
logical approach to the study of learning and memory has begun to disappear. 
Moreover, after several decades during which learning by humans was studied 
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and described in one field of science and learning by animals was studied in 
another, the discovery of basic  biological mechanisms common to all species 
has launched a unified approach to behavioral studies. Although our book 
takes a modular approach to teaching this course, distinguishing the chapters 
that focus primarily on learning from those that focus primarily on memory, 
the story that emerges from covering both sets of chapters is, we believe, the 
strongest and most up-to-date representation of the field as a whole.

Clinical Perspectives
In addition to examining and explaining new research in learning and memory, 
Learning and Memory: From Brain to Behavior, 2nd Edition, traces how these 
findings have spurred the development of new diagnoses and treatments for a 
variety of neurological and psychiatric disorders. Recent advances in neurosci-
ence have produced dramatic changes in clinical practices over the last decade, 
greatly affecting how neurologists, psychiatrists, clinical psychologists, nurses, 
and rehabilitation specialists diagnose and treat the clinical disorders of learn-
ing and memory. Alzheimer’s disease, autism, schizophrenia, Parkinson’s dis-
ease, Huntington’s disease, dyslexia, ADHD, and stroke are just a few of the 
disorders for which new treatment options have been developed as a result of 
basic behavioral and cognitive neuroscience studies of learning and memory. 
To reflect this broader impact of the field of learning and memory, each of the 
core chapters (Chapters 3 through 12) includes a “Clinical Perspectives” sec-
tion that shows how knowledge of behavioral processes and brain substrates is 
being applied to understand clinical disorders that lead to disruptions of learn-
ing and memory. These sections are one way in which the book emphasizes 
the influence of learning and memory research in the real world and shows 
how neuropsychological research informs our understanding of memory 
mechanisms.

Student Friendliness 
■ No Prerequisites. We understand that students may come to this course from 

different backgrounds, even different disciplines, so we do not assume any 
previous level of familiarity with basic psychology or neuroscience concepts. 
The first two chapters of the text offer a complete overview of the field of 
the psychology of learning and memory and the neuroscience foundations of 
behavior. Later chapters explain all new concepts clearly with emphasis on 
real-life examples and teaching-oriented illustrations.

■ Engaging Narrative. Our aim has been to create a lively, clear, and example-
rich narrative, a colorful conversation between authors and readers that com-
municates our vision of an exciting field in transition and captures the interest 
of students by igniting their curiosity.

■ Full-Color Art Program. The full-color art program consists of original 
anatomical art, state-of-the-art brain scans, and color-coded figures to help 
students visualize the processes involved in learning and memory. Photos 
offer a link to the real world, as well as a look back in time; cartoons provide 
occasional comical commentary (and often additional insights) alongside the 
main narrative.

■ Real-World Implications. Learning and Memory: From Brain to Behavior is 
noted for a strong focus on applications and on the relevance of learning and 
memory concepts to everyday life. In addition to the “Clinical Perspectives” 
section at the end of every core chapter, we have included throughout each 
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chapter many concrete, real-world examples of learning and memory that 
help students grasp the implications of what they are studying and its rel-
evance in their own lives. 

■ Consistent Organization. The integration of both neuroscience and relevant 
clinical issues throughout the text is made more accessible to the student 
by the book’s consistent tripartite division of each chapter into the sections 
“Behavioral Processes,” “Brain Substrates,” and “Clinical Perspectives.” As 
described above, this also allows teachers to selectively omit the discussions 
of brain substrates or clinical perspectives from some or all of the reading 
assignments if that better suits a teacher’s syllabus.

Extensive Pedagogy
■ Test Your Knowledge exercises introduced at intervals throughout each chap-

ter give students the opportunity to check their comprehension and reten-
tion of more challenging topics immediately after having read about them. 
Suggested answers are provided.

■ Learning and Memory in Everyday Life boxes in each chapter illustrate the 
practical implications of research, especially those that are relevant and inter-
esting to undergraduate students. 

■ Interim Summaries follow each chapter subsection to help students review 
major concepts presented in the pages they have just finished reading.

■ Concept Checks at the end of each chapter ask critical-thinking questions that 
require an understanding and synthesis of the key material in the chapter. 
These exercises ask students to apply the knowledge they’ve gained to a real-
life situation. Suggested answers are provided at the end of the book.

■ Key Terms with page references appear at the end of each chapter to help 
students review new terminology presented in the chapter. All key terms with 
their definitions are included in an end-of-text glossary.

Media/Supplements

Book Companion Site at www.worthpublishers.com/gluck2e

The companion site serves students as a virtual study guide, 24 hours a day, 
7 days a week. The password-protected instructor’s section offers a variety of 
assessment, presentation, and course management resources.

Book-Specific Lecture and Art PowerPoint Slides
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CHAPTER 1 Introductory Module

A
T AGE 46, CLIVE WEARING HAD IT all. 
He was a well-known, highly regarded sym-
phony conductor; he was handsome, charm-
ing, and witty; and he was deeply in love with 

his wife, Deborah. Then his memory was stripped from 
him. Clive had developed a rare condition in which the 
herpes simplex virus, which usually causes nothing more 
serious than cold sores, invaded his brain. His brain 
 tissue swelled, crushing against the confines of his skull. 
Although most patients die when this happens, Clive 
survived, but his brain remained significantly damaged.

When Clive awoke in the hospital, he had lost most 
of his past. He could recognize Deborah but couldn’t 
remember their wedding. He knew he had children but 
couldn’t remember their names or what they looked 
like. He could speak and understand words, but there 
were huge gaps in his knowledge. On one test, when 
shown a picture of a scarecrow, he replied: “A worship-
ping point for certain cultures.” Asked to name famous 
musicians, he could produce four names: Mozart, 
Beethoven, Bach, and Haydn. Conspicuously absent 
from this list was the sixteenth-century composer 
Lassus: Clive had been the world expert on this com-
poser (Wilson & Wearing, 1995).

But Clive Wearing hadn’t just lost the past: he’d also 
lost the present. Now he would remain conscious for 
only a few seconds of whatever he happened to be expe-
riencing, and then the information would melt away 
without forming even a temporary memory. During his 
stay in the hospital, he had no idea where he was or why 
he was surrounded by strangers. Whenever he caught 
sight of Deborah—even if she’d only left the room for a 
few minutes—he’d run to her and kiss her joyously, as if 
she’d been absent for years.
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A few minutes later, he’d catch sight 
of her again and stage another passion-
ate reunion. Clive now lived “in the 
moment,” caught in an endless loop 
of reawakening. His numerous jour-
nals show his desperate efforts to make 
sense of what he was experiencing: 
“7:09 A.M.: Awake. 7:34 A.M.: Actually 
finally awake. 7:44 A.M.: Really perfectly 
awake . . . 10:08 A.M.: Now I am superla-
tively awake. First time aware for years. 
10:13 A.M.: Now I am overwhelmingly 
awake. . . . 10:28 A.M.: Actually I am now 

first time awake for years. . . .” Each time he added a new entry, 
he might go back and scratch out the previous line, angry that a 
stranger had written misleading entries in his journal.

Yet even when Clive knew nothing else, he knew that he loved 
his wife. Emotional memory—love—survived when almost every-
thing else was gone. And he could still play the piano and con-
duct an orchestra so competently that a nonmusician wouldn’t 
suspect anything was wrong with Clive’s mind. Those specialized 
skill memories survived, along with more mundane skills, such 
as making coffee or playing card games. And although Clive was 
unable to consciously learn any new facts, he could acquire some 
new habits through repeated practice. After moving to a nursing 
home, he eventually learned the route from the dining hall to his 
room, and when prompted to put on his coat for his daily walk 
past the local pond, he would ask if it was time to go feed the 
ducks (Wilson & Wearing, 1995). Clive’s memory was more like 
an imperfectly erased blackboard than a blank slate.

Clive Wearing’s case is tragic but makes two important points. 
The first is the unrivaled importance of learning and memory to 
our lives. Most of the time, we take for granted our memories of 
who we are and what we know. When these are stripped away, 
life becomes a series of unrelated moments, isolated from past 
and future, like those fuzzy moments we all experience when 
we’ve just awakened and are disoriented.

The second point is that speaking of memory as if it were a 
single, cohesive process is misleading. In fact, there are many dif-
ferent kinds of memory, and as happened in Clive’s case, some 
can be damaged while others are spared. Normally, these differ-
ent kinds of memory function together seamlessly, and we aren’t 
aware of whether a given instance of learning has been preserved 
as a fact, habit, skill, or emotion. But this cohesion is in many 
ways an illusion. By confronting the limits of this illusion, we can 
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begin to understand how memory works, both in healthy people 
and in individuals whose memory has broken down. You will read 
more about amnesic patients like Clive Wearing in Chapter 7, 
“Semantic and Episodic Memory: Memory for Facts and Events.”

This book is about learning, the process by which changes 
in behavior arise as a result of experience interacting with the 
world, and memory, the record of our past experiences, which 
are acquired through learning. The study of learning and memory 
began far back in human history and continues today. Some of 
humanity’s greatest minds have struggled with the question of 
how we learn and remember. As you read this chapter, we hope 
that you will see why the questions that fascinated philosophers 
and psychologists of long ago are still relevant today. Some of the 
insights may apply to your own efforts to improve your memory 
at school and in other aspects of your daily life. To whet your 
appetite, see “Learning and Memory in Everyday Life” on page 4.

In the course of this chapter, five themes emerge that have 
reappeared in different guises across the centuries. These five 
themes are

1. How do sensations or ideas become linked in the mind?
 2. How are memories built from the components of  experience?
3. To what extent are behaviors and abilities determined by 

biological inheritance (nature) and to what extent by life 
experiences (nurture)?

4. In what ways are human learning and memory similar to 
learning and memory in other animals, and in what ways 
do they differ? 

5. Are there universal principles of learning and memory 
that can be described by mathematical equations and con-
sidered fundamental laws?

1.1 From Philosophy to Psychology
Today, learning and memory researchers consider themselves scientists. They 
develop new theories and test those theories with carefully designed experi-
ments, just like researchers in any other branch of science. However, this wasn’t 
always the case. In fact, for most of human history, the study of learning and 
memory was a branch of philosophy, the abstract study of principles that govern 
the universe, including human conduct. Philosophers gain insight not through 
scientific experiments but through a process of reasoned thought and logical 
argument. These insights may be no less important than those gained through 
modern science; some are so profound that people continue talking about them 
centuries after they were first disseminated.
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The Empiricism and Associationism of Aristotle
Aristotle (384–322 BC), a Greek philosopher and teacher, was one of the earli-
est thinkers to write about memory. Like many wealthy young men of his day, 
Aristotle was educated in Athens, the preeminent intellectual center of the west-
ern world at that time. There, he studied under Plato (c. 427–347 BC), perhaps 
the greatest of the Greek philosophers. Years later, Aristotle himself became a 
mentor to many students, including a young prince later known as Alexander the 
Great, who went on to conquer much of the world.

A keen observer of the natural world, Aristotle loved data, the facts and 
figures from which he could infer conclusions. He collected plants and ani-
mals from around the world and made careful notes about their structure and 
behavior. From such data, Aristotle attempted to formulate theories, sets of 
statements devised to explain a collection of facts. His data-oriented approach 
to understanding the world stood in marked contrast to the methods of his intel-
lectual forebears, including Plato and Plato’s teacher, Socrates, both of whom 

 1. Pay attention. Often when we “forget” 
something, it’s not that we’ve somehow 
lost the memory of it but that we didn’t 
learn the thing properly in the first 
place. If you pay full attention to what 
you are trying to learn, you’ll be more 
likely to remember it later.

 2. Create associations. Associate what 
you’re trying to learn with other informa-
tion you already know. For example, it 
will be easier to remember that Ag is 
the chemical symbol for silver if you 
know it is short for argentum, the Latin 
word for “silver.” It might also help if you 
know that Argentina got its name from 
early European explorers who mistakenly 
thought the region was rich in silver.

 3. A picture is worth a thousand words. 
Names and dates and such are more 
memorable if you can link them to an 
image. The effort you expend generating 
an image strengthens the memory. For 
example, in an art history course, you 
might have to remember that Manet 
specialized in painting figures and his con-
temporary, Monet, is famous for paintings 
of haystacks and water lilies. Picture the 
human figures lined up  acrobat-style to 
form a letter “A” for Manet and the water 
lilies arranged in a daisy chain to form the 
letter “O” for Monet.

 4. Practice makes perfect. There’s a 
reason to drill kindergarteners on their 
ABCs and make third graders repeat-
edly recite their multiplication tables. 
Memories for facts are strengthened by 
repetition. The same principle holds for 
memories for skills, such as bike  riding 
and juggling: they are improved by 
practice.

 5. Use multiple senses. Instead of just 
reading information silently, read it 
aloud. You will encode the information 
aurally as well as visually. You can also 
try writing it out; the act of writing acti-
vates sensory systems and also forces 
you to think about the words you’re 
copying.

 6. Reduce overload. Use memory aids such 
as Post-it notes, calendars, or electronic 
schedulers to remember appointments, 
due dates, and other obligations, free-
ing you to focus on remembering items 
that must be called to mind without 
written aids—say, during an exam!

 7. Time travel. Remembering information 
for facts doesn’t depend on remember-
ing the exact time and place where 
you acquired it. Nevertheless, if you 
can’t remember a fact, try to remember 
where you first heard it. If you can 
remember your high school history 

teacher lecturing on Napoleon, perhaps 
what she said about the causes of the 
Napoleonic Wars will also come to 
mind.

 8. Get some sleep. Two-thirds of 
Americans don’t get enough sleep. 
Consequently, they are less able to con-
centrate during the day, which makes it 
harder for them to encode new memo-
ries and retrieve old ones (see Tip 1). 
Sleep is also important for helping the 
brain organize and store memories.

 9. Try a rhyme. Do you have to remember 
a long string of random informa-
tion? Create a poem (or better yet, a 
song) that includes the information. 
Remember the old standard “ ‘I’ before 
‘E’ except after ‘C’ or sounded as ‘A,’ 
as in ‘neighbor’ or ‘weigh’ ”? This ditty 
uses rhythm and rhyme to make it 
easier to remember a rule of English 
spelling.

10. Relax. Sometimes trying hard to remem-
ber is less effective than turning your 
attention to something else; often, the 
missing information will pop into your 
awareness later. If you are stumped by 
a question on a test, skip that one and 
come back to it later, when perhaps the 
missing information won’t be so hard to 
retrieve.

LEARNING AND MEMORY IN EVERYDAY LIFE

Top Ten Tips for a Better Memory
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relied primarily on intuition and logic rather than natural 
observation. 

One of Aristotle’s key interests was memory. His theory 
about it, called associationism, argued that memory depends 
on the formation of linkages (“associations”) between pairs of 
events, sensations, or ideas, so that recalling or experiencing 
one member of the pair elicits a memory or anticipation of the 
other. Imagine someone reading a list of words and for each 
word asking you to say the first word that comes to mind. If 
he says “hot,” you might say “cold”; if he says “chair,” you 
might say “table,” and so on. The words “hot” and “cold” are 
linked, or associated, in most people’s minds, as are “table” 
and “chair.” How do these associations come about?

Aristotle described such linkages as reflecting three prin-
ciples of association. The first principle is contiguity, or 
nearness in time and space: events experienced at the same 
time (temporal contiguity) or place (spatial contiguity) tend 
to be associated. The ideas of “chair” and “table” are linked 
because we often see chairs and tables together at the same 
time and in the same place. The second principle is frequency: 
the more often we experience events that are contiguous, the 
more strongly we associate them. Thus, the more often we 
see tables and chairs together, the stronger the table-chair link grows. Modern 
behavioral and neurobiological studies of the interaction between contiguity 
and frequency in learning will be discussed further in Chapter 4, “Classical 
Conditioning: Learning to Predict Important Events.”

Aristotle’s third principle is similarity: if two things are similar, the thought 
or sensation of one will tend to trigger a thought of the other. Chairs and 
tables are similar in that both are often made of wood, both are found in kitch-
ens, and both have a function associated with eating meals. This similarity 
strengthens the association between them. In Chapter 6, “Generalization and 
Discrimination Learning,” you will see why similarity has continued to be a core 
focus of research on learning. Together, Aristotle concluded, these three prin-
ciples of association—contiguity, frequency, and similarity—are the basic ways 
humans organize sensations and ideas.

Aristotle’s ideas, refined in the ensuing two millennia, have provided the 
foundation for modern theories of learning in both psychology and neurosci-
ence. Aristotle’s view was that knowledge emerges from experience. This idea 
identifies him with a philosophical school of thought known as empiricism, 
which holds that all the ideas we have are the result of experience. (The Greek 
word empiricus means “experience.”) To Aristotle, the mind of a newborn child 
is like a blank slate, not yet written on.

In this regard, Aristotle differed sharply from his teacher Plato, who 
believed staunchly in nativism, which holds that the bulk of our knowledge 
is inborn (or native), acquired during the past lifetimes of our eternal souls. 
In fact, Plato’s most influential book, The Republic, describes an idealized 
society in which people’s innate differences in skills, abilities, and talents 
form the basis for their fixed roles in life: some rule while others serve. The 
tension between  empiricism and nativism has continued through the cen-
turies, although today it is more often called the “nature versus nurture” 
debate: researchers argue about whether our “nature,” including genes, or our 
“nurture,” including upbringing and environment, has the greater influence 
on our learning and memory abilities. Table 1.1 shows some of the major 
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 philosophers and  scientists who have contributed to this debate over the mil-
lennia and which side of the debate they espoused; the names and ideas in the 
table will be revisited throughout the book.

Western philosophy and science have deep roots in the ideas 
and writings of the ancient Greeks, whose philosophy and science 
continued to flourish under the Roman Empire. By the fifth cen-
tury AD, however, the empire had collapsed, and Europe plunged 
into the Dark Ages, overrun by successive waves of warring tribes 
who seemed to care little for philosophy or learning. (Meanwhile, 
in China, India, Persia, and the Arabian Peninsula, flourishing civi-
lizations achieved major advances in science, mathematics, medi-
cine, and astronomy—but that’s another story.) It was not until the 
middle of the fifteenth century that European science flourished 
once again. This was the Renaissance, the era that brought forth 
the art of Leonardo da Vinci, the plays of William Shakespeare, and 
the astronomy of Nicolaus Copernicus and Galileo Galilei. This 
cultural and scientific revival set the stage for the emergence of new 
ideas about the nature of mind and memory.

Descartes and Dualism
René Descartes (1596–1650) grew up in France as the son of 
a provincial noble family. His family inheritance gave him the 
freedom to spend his life studying, thinking, and writing, most of 
which he did in bed (he hated to get up before noon). Although 
raised as a Roman Catholic and trained by the Jesuits, Descartes 
harbored deep doubts about the existence of everything, including M
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René Descartes

Nativism: Knowledge is inborn Empiricism: Knowledge is acquired through experience

Plato (c. 427–347 BC) 

Most of our knowledge is inborn and acquired 
 during past lifetimes of the soul.

Aristotle (384–322 BC)

Memory depends on the formation of associations, for which 
there are three principles: contiguity, frequency, and similarity.

René Descartes (1596–1650)

The mind and the body are distinct entities, gov-
erned by different laws. The body functions as a 
machine with innate and fixed responses to stimuli.

John Locke (1632–1704)

A newborn’s mind is a blank slate (a tabula rasa) that 
is  written on by experience. Education and experience 
( learning) allow common people to transcend their class.

Gottfried Leibniz (1646–1716)

Three quarters of human knowledge is learned, but 
one quarter is inborn.

William James (1842–1910)

Habits are built up from inborn reflexes through learning; 
memory is built up through networks of associations.

Charles Darwin (1809–1882)

Natural selection: species evolve when they posses a 
trait that is inheritable, varies across individuals, and 
increases the chances of survival and reproduction.

Ivan Pavlov (1849–1936)

In classical (Pavlovian) conditioning, animals learn through 
experience to predict future events.

Francis Galton (1822–1911)

Humans’ natural talents are hereditary.
Edward Thorndike (1874–1949)

The law of effect (instrumental conditioning): an animal’s 
behaviors increase or decrease depending on the conse-
quences that follow the response.

Table 1.1

Nativism and empiricism: The role of nature and nurture in learning and memory
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God. Despairing of being able to know anything for certain, he 
concluded that the only evidence that he himself even existed 
was his ability to think: “Cogito ergo sum,” or “I think, therefore 
I am” (Descartes, 1637).

Where does Descartes’ cogito—the ability to think—come 
from? Descartes was a firm believer in dualism, the principle 
that the mind and body exist as separate entities, each with 
different characteristics, governed by its own laws (Descartes, 
1662). The body, Descartes reasoned, functions like a self-
regulating machine, much like the clockwork statues and foun-
tains that were so fashionable during the Renaissance. A person 
strolling through the royal gardens of Saint-Germain-en-Laye, 
just outside Paris, would step on a hidden trigger, releasing 
water into pipes that caused a gargoyle to nod its head, a 
statue of the god Neptune to shake its trident, and the god-
dess Diana to modestly retreat. The body, Descartes reasoned, 
works through a similar system of hydraulics and switches. 
The process begins when a stimulus, a sensory event from the 
outside world, enters the system; for example, light reflected 
off a bird enters the eye as a visual stimulus. Like the trigger 
switch in the gardens, this stimulus causes fluids (Descartes called them “spir-
its”) to flow through hollow tubes from the eyes to the brain and then to be 
“reflected” back as an outgoing motor response, the behavioral consequence 
of perception of the stimulus, as illustrated by Descartes’ sketch in Figure 1.1 
(Descartes, 1662). Such a pathway from sensory stimulus to motor response is 
called a reflex arc.

Descartes got many of the details of reflexes wrong. There are no spir-
its that flow through the body to produce movement hydraulically as he 
described. Nevertheless, Descartes was the first to show how the body might 
be understood through the same mechanical principles that underlie physical 
machinery. This mechanistic view of the processes that give rise to behavior 
returned in full force many centuries later in the mathematical and engineer-
ing models of the brain and behavior described in several of the chapters in 
this book. 

In contrast to Aristotle, who was a staunch empiricist, Descartes was 
strongly in the nativist camp with Plato. Descartes had no interest in theo-
ries of learning. He acknowledged that people do derive some information 
from experience, but he believed that much of what we know is innate. The 
nature–nurture debate continues today to inform our efforts at understand-
ing how and to what degree we are able to change and evolve within the 
span of our own  lifetimes, a topic covered in Chapter 12, “Development and 
Aging: Learning and Memory across the Lifespan.” 

John Locke and His Reliance on Empiricism
By the late 1600s, England (along with the rest of Europe) had undergone 
the conflicts of the Reformation, a religious and political movement that 
weakened the political power of the Roman Catholic Church and placed new 
emphasis on individual rights and responsibilities. This was a period when 
science flourished. Famous scientists were the celebrities of their day; people 
attended lectures on philosophy and natural sciences the way they now go to 
movies and rock concerts. One especially renowned scientist, Isaac Newton, 
demonstrated that white light can be refracted into component colors by a 
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Figure 1.1 Descartes’ 
reflex A mechanism for producing 
an automatic reaction in response 
to external events, as illustrated 
in Descartes’ De Homine (1662). 
The diagram shows the flow of 
information from the outside world, 
through the eyes, to the brain, and 
then through the muscles of the 
arm,  creating a physical response in 
which the arm moves to point to an 
object in the external world.
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prism lens and then recombined by another lens to 
produce white light again.

Inspired by Newton’s work, John Locke (1632–
1704) hoped to show that the mind, too, could be 
broken down into elements that when combined 
produced the whole of consciousness. Locke, like 
Descartes before him, borrowed methods from 
the physical sciences that would help him better 
understand the mind and the processes of learning 
and memory. This practice of philosophers and 
psychologists of borrowing from other, more estab-
lished and rigorous domains of science continues to 
this day, as summarized in Table 1.2.

How did Locke envision the way elementary 
associations might account for the more complex 
ideas and concepts that make up our memories 
and knowledge? By once again drawing inspira-
tion from the physical sciences, this time from his 
former Oxford medical instructor, Robert Boyle, 
who 30 years before had  demonstrated that chemi-
cal compounds are composed of elementary parts 
(what we now know to be molecules and atoms). 
Locke reasoned that complex ideas are similarly 
formed from the combination of more elementary 
ideas that we passively acquire through our senses 

(Locke, 1690). For example, simple ideas such as “red” and “sweet” are acquired 
automatically by our senses of sight and taste, and more complex ideas such as 
“cherry” are acquired by combining these simpler components.

Perhaps Locke’s most lasting idea is that all knowledge is derived from experi-
ence and experience alone. Borrowing Aristotle’s analogy of a tablet on which 
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John Locke 

Who . . . Borrowed Ideas from . . .

René Descartes Hydraulic engineering

John Locke Physics (Newton), chemistry (Boyle)

Hermann Ebbinghaus Laws of perception (Fechner and Weber)

Ivan Pavlov Telephone exchanges

Edward Thorndike Evolution by natural selection (Darwin)

Clark Hull Theory of relativity (Einstein)

George Miller Information theory (Shannon)

Herbert Simon Computer science

David Rumelhart Neuroscience and computer science

Table 1.2

Borrowing from the physical and natural sciences to explain 
the mind
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nothing is yet written, Locke suggested that children arrive in the world as a 
blank slate or tablet (in Latin, a tabula rasa) just waiting to be written on.

Locke’s view of the power of experience to shape our capabilities through 
a lifetime of learning had great appeal to reformers of the eighteenth century, 
who were challenging the aristocratic system of government, in which kings 
ruled by right of birth. Locke’s ideas meant that a man’s worth was not deter-
mined at birth. All men are born equal, he believed, with the same potential 
for knowledge, success, and leadership. Common people, through striving and 
learning, could transcend the limits and barriers of class. Therefore, Locke 
argued, access to a good education should be available to all children regardless 
of their class or family wealth (Locke, 1693). These ideas heavily influenced 
Thomas Jefferson as he drafted the Declaration of Independence, which in 
1776 proclaimed the American colonies’ independence from Great Britain 
and asserted that “all men are created equal,” with the same innate rights to 
“life, liberty, and the pursuit of happiness”—words taken almost verbatim from 
Locke’s writings.

Although Locke’s writings were influential throughout European philo-
sophical and scientific circles, he was not without his critics. One of Locke’s 
contemporaries, German mathematician Gottfried Wilhelm Leibniz (1646–
1716), conceded to Locke that three quarters of knowledge might be acquired 
but claimed that the other quarter is inborn and innate, including habits, 
predispositions, and potentials for success or failure (Leibniz, 1704). In many 
ways, Leibniz’s more moderate position echoes that adopted by many mod-
ern researchers, who believe that human ability is not due solely to nature 
(nativism) or solely to nurture (empiricism) alone but is a combination of 
both: nature (as encoded in our genes) provides a background of native ability 
and predispositions that is modified by a lifetime of experience and learning 
(nurture).

William James and Associationism
Born to a wealthy and prominent New York family, William James 
(1842–1910) spent his early years traveling around the world, 
living in fine hotels, and meeting many of the great writers and 
philosophers of his time. After receiving his medical degree in 
1869, James accepted a position as an instructor of physiology 
and anatomy at Harvard, where he offered an introductory course 
in psychology, the study of mind and behavior. It was the first 
course on psychology ever given at Harvard or at any college in 
America. He once joked that the first psychology lecture he ever 
heard was his own.

James’s introductory psychology course soon became one of the 
most popular courses at Harvard, and he signed a contract with a 
publisher, promising to deliver within two years a book based on 
his acclaimed lectures. In the end, it took him 12 years to finish 
the book. James’s two-volume Principles of Psychology (1890) was an 
immediate scientific, commercial, and popular success. Translated 
into many languages, it was for decades the standard psychology 
text around the world.

James was especially interested in how we learn new habits and 
acquire new memories. He enjoyed telling the story of a practi-
cal joker who, seeing a recently discharged army veteran walking 
down the street carrying a load of groceries, shouted, “Attention!” 
The former soldier instantly and instinctively brought his hands Ho
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