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Well, happy anniversary! The first edition of Learning and Behavior saw the 
light of day in the fall of 1978, so this sixth edition will mark its 30th anni-
versary. Most of the students who will use this edition had not been born 
when the first edition came out. For a college textbook to stick around for 
30 years and maintain its position as one of the more popular texts in its 
field throughout that time is something of an accomplishment. What ac-
counts for it?

Users of the book, both students and instructors, have always pointed to 
certain key features of the book that they found attractive: 

• It’s easy to understand.
• There are many examples and applications.
• There’s occasional humor.
• There are features (queries, reviews, exercises) to help students learn.
• Practice chapter quizzes help students assess their grasp of material.
• Many concepts are related to everyday events.

In addition, many instructors like the emphases on research methods and 
on learning as a biological mechanism. And some students have pointed to 
the suggestions (in Chapter 11) to help them remember what they read. 

I think all of these features have been important to the book’s success. 
However, I believe the real secret to the book’s durability is that it has not re-
mained the same book over the decades. Learning and Behavior has, in a 
sense, evolved to meet the demands of a changing environment. 

This sixth edition is no exception. The key changes in this edition 
include: 

• A lighter, more entertaining writing style to meet the tastes of today’s 
students.

• References to popular culture (films such as Monsters, Inc. and Dynoto-
pia; trade books such as The Last Gentleman Adventurer) to help students 
grasp concepts.

• More emphasis on the relevance of principles to everyday experience and 
to practical applications, including education and the use of virtual real-
ity technology (e.g., SpiderWorld) in therapy.

• More attention to the use of learning principles in explaining behavior, 
including behavior once thought to be beyond the reach of science, such 
as insight, delusional thinking, and language.

Preface
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• New material on the neurological underpinnings of learning and 
retention.

• New material on the various kinds of memory (e.g., episodic and seman-
tic) and the frequently overlooked benefits of forgetting.

• New material on the Rescorla-Wagner model of Pavlovian conditioning.
• Increased emphasis on nature via nurture and the codependency of biol-

ogy and experience.
• New material on, and critiques of, popular metaphors of learning and 

retention.
• New material on contrived and natural reinforcers and the often exagger-

ated “negative effects” of reinforcement.
• A reorganization of content (e.g., material on schedules of reinforcement 

now follows that on reinforcement).
• A substantially revised workbook that emphasizes exercises students can 

do in less time to prepare them for quizzes, exams, and classroom 
discussions.

To make room for new material and produce a leaner, tighter book, I have 
had to make selective cuts. I have deleted entirely the discussion of Pavlovian 
vicarious conditioning, material not typically covered in the introductory 
learning course. I have also shortened the discussion of the problems with and 
alternatives to punishment, both of which are better dealt with in courses 
such as applied behavior analysis. The result is a text that is more focused and 
about 50 pages shorter than its predecessor.

The needs of instructors and students are not identical. The textbook the 
instructor considers ideal is apt to be very different from the one the student 
would choose. I have tried to provide a reasonable compromise: the content 
and the scientific rigor the instructor demands, and the interest and readabil-
ity the student insists on. It is the nature of compromise that no one is en-
tirely satisfied, but I hope this edition proves to be the best compromise pos-
sible.  And I hope that instructors and students alike will find the sixth edition 
of Learning and Behavior as fresh and appealing as their predecessors did the 
first edition three decades ago. 
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Friedman of Utah State University, and to the reviewers who critiqued the 
manuscript for this edition: Mark Davis, University of West Alabama; Inna 
Kanesvsky, San Diego Mesa College; Maria J. Lavooy, University of Central 
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man & Pinette, who edited the manuscript, monitored a sometimes delin-
quent author, and managed to keep track of who was to do what with which 
and why.

It’s always very helpful to get feedback (positive or negative) from instruc-
tors and students who use L&B, and I hope you will pass along any thoughts 
you have. You can write to me at Wadsworth/Cengage, 60 Garden Court, Suite 
205, Monterey, CA 93940 or email me at paulchance@verizon.net.
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I’ve done what I can to make this book interesting and easy to understand, 
but you’ve still got your work cut out for you: There’s a lot to learn. Here 
are some suggestions on how to get the most out of this book:

• First, turn to Chapter 11 and read the section called “Learning to Remem-
ber.” Many students have said that this information proved useful in 
learning the course content. The SAFMEDS technique in particular is 
helpful in learning new terms. 

• Second, before you read any chapter, try to answer the questions raised un-
der the heading “Before you begin . . . ” These questions will help you fo-
cus on some of the main points of the chapter. After you’ve read the chap-
ter, consider the questions again. Most of the time, you will fi nd that your 
answers are quite different the second time around. If they aren’t, either 
you are smarter than the average bear or you need to reread the chapter.

• Third, as you are reading through the text, answer the queries that ap-
pear. Write your answer either in the space provided or on a slip of paper, 
then check your answer by reviewing the text above the query or by fl ip-
ping to the query answers at the end of the chapter. 

• Fourth, after you’ve read a chapter, read the review questions and consider 
how you would answer if you were asked those questions in class or on an 
exam. This is a great thing to do in a study group because many of these 
questions can be answered in various ways. 

• Fifth, take the practice quiz provided at the end of the chapter. Be sure to 
write your answers down as you would if you were taking a quiz in class. 
These quizzes will give you a rough idea of how well you have mastered 
the material. 

• Sixth, turn to the workbook that follows the text. There you will fi nd ex-
ercises to help you learn material in various sections of the chapter. Your 
instructor may assign some of these exercises, but at least do those on the 
sections you found difficult. If you have access to the Sniffy software, 
you’ll fi nd it a fun way to learn about learning principles.

If you really want to get the most from a text or a course, you have to be an ac-
tive learner. If you want to get the most out of a class, you can’t just sit back 
and listen to the instructor talk. You have to be actively involved—ask ques-
tions, make comments, take notes. The same thing is true when learning 

Note to the Student: 
How to Get the Most 
from This Book
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from a text: Ask questions, answer queries, make notes, think about the im-
plications and applications of what you read, discuss what you read with other 
students, do the exercises provided, and review, review, review.

If you are an active learner, you will not only have a far better chance of 
acing the exams, but you will be able to put more of what you learn to practi-
cal use for years to come.

When Americans face a challenge, such as an exam or a sports competi-
tion, their friends typically say, “Good luck!” When Japanese face a similar 
challenge, their friends usually say, “Gambatte!” Gambatte can be translated 
as, “Try hard.” I hope you are lucky, but you are more likely to be successful if 
you count on effort than if you count on luck.

Gambatte!
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BEFORE YOU BEGIN . . .*

IN THIS CHAPTER . . .

*Think about how you would answer these questions before you read the chapter. Then con-
sider them again after you’ve read the chapter.

C H A P T E R

1
Introduction: 
Learning to Change

What is natural selection?

What is the driving force behind natural selection?

What kinds of behavior are affected by natural selection?

What are the limitations of natural selection?

What is learning? How does it resemble natural selection?

How do nature and nurture interact?

Natural Selection

box: The Face of Change

box: Mutated Sight and Flight

Learning: Evolved Modifi ability

Nature via Nurture

box: The Superior Animal

Recommended Reading

Review Questions

Practice Quiz

Query Answers



Change is the only constant.

Lucretius

“Change,” said the Roman philosopher Lucretius 2,000 years ago, “is 
the only constant.” Yet we tend to regard change as an aberration, 
a brief disruption in a normally constant world. When a great vol-

cano erupts, as Mount St. Helens in Washington state did in 1980, knocking 
over thousands of trees and covering the ground for miles around with a blan-
ket of volcanic ash, or when an undersea earthquake causes a gigantic tsu-
nami, as happened on the Indian Ocean in December 2004, killing over 
200,000 people and destroying thousands of homes, we think how strange it 
is that nature should misbehave so. It is, we tell ourselves, a momentary lapse, 
a kind of  geological tantrum; soon our old planet will regain its composure, 
its sameness.

But the truth is that our short tenure on Earth deludes us into seeing 
sameness. In the course of an individual human’s lifetime, volcanic eruptions, 
tsunamis, and the like are rare, but in the life of planet Earth, they are the 
very stuff of existence. Our time here is too brief to see continents crash to-
gether and tear apart, mountains rise and fall, vast deserts replace oceans; too 
brief to see thousands of animal and plant species come and go, like the ever-
changing, varicolored crystalline shapes of a kaleidoscope.

Change is not the exception to the rule, then, but the rule itself. Through-
out nature, the struggle to prevail is an effort to cope with change: Food sup-
plies dwindle, prey animals become faster, predators become more formida-
ble, new diseases appear. Some changes, such as the movement of continents, 
take place over eons; others, such as the advance of glaciers, take thousands of 
years; still others, such as the rise and fall of the sun or the appearance and 
disappearance of hungry predators, occur daily. The one constant is change. 
Any individual or species must be able to cope with change if it is to survive. 
But how? By what mechanisms can we and other animals deal with such a 
fi ckle world?

Natural Selection 
In On the Origin of Species, published in 1859, the English naturalist Charles 
Darwin proposed that species adapt to changes in their world. There is, he ar-
gued, tremendous variation among the members of any given species. Some of 
these variations are well suited to current conditions; others are not. Individ-
uals with favorable variations are more likely to survive and reproduce, so 
succeeding generations are more likely to show helpful characteristics. Thus, 
features that contribute to survival are “selected” by the environment, a pro-
cess Darwin called natural selection.1 

Darwin did not understand the genetic basis of variation. (Gregor Mendel, 
the monk who is now considered the founder of genetics, did not publish his 
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1Terms that appear in boldface are defi ned in the Glossary at the end of the book.



experiments on inheritance until 1866, and his work became widely known 
only after 1900.) Nevertheless, Darwin knew from direct observation that 
variation within a species was common.2 He also knew that selective breed-
ing of farm animals with a specifi c variation often resulted in offspring with 
that characteristic. 

 Query 1: Species change through natural .

Darwin went beyond the animal breeders, however, by proposing that this 
same sort of selection process takes place throughout nature. A characteristic 
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Stability, if it exists at all, is rare, whereas change is seen everywhere, once we look for 
it. Perhaps the most obvious changes in the human world are technological. A hun-
dred years ago, most people got around in horse-drawn carriages, scoffed at the idea 
that people would one day fl y, and laughed aloud at talk of space fl ight. Several de-
cades later, many of those same people could have driven to an airport in a car, taken 
a jet to Cape Canaveral, and watched as a spaceship rocketed toward the fi rst moon 
landing. Changes in medical technology have been equally impressive: Polio, a disease 
that paralyzed thousands for life, is now prevented with a vaccine; antibiotics routinely 
bring speedy recovery from diseases that once killed; and smallpox, which menaced 
humankind throughout its history, has been eradicated. 

Change is not synonymous with progress, however. The automobile, along with all 
its benefi ts, brought with it smog, urban decay, congestion, and thousands of traffi c 
deaths a year. The airplane that carries vacationers to far-off lands may bring them 
back infected with deadly viruses. Improved health care has led to an aging popula-
tion, and this has contributed to sky-high medical costs.

The rate at which different aspects of our world change varies. In a matter of sec-
onds, storm winds may bring an ancient oak tree thundering to the ground, rip a house 
apart, or knock out electric power to a million people. In a matter of weeks, a vacant 
lot may be turned into a playground, a municipal park, or a parking area. In a few 
months, farmland may be converted into a suburban development. And while you 
have been reading this chapter, several species of plants and animals, some not yet 
identifi ed by the scientifi c community, may have become extinct.

Sometimes the pace of change is far slower. The face you saw refl ected in your 
mirror this morning probably appeared no different from the face you saw the day be-
fore—or a week or a month ago. Yet we know that the face that stares back at us from 
the glass is not the same, cannot be the same, as it was 10 minutes ago. The proof is in 
your photo album: Look at a photograph taken of yourself 5 or 10 years ago and you 
see clear differences between the face in the snapshot and the face in your mirror. If 
you lived in a world without mirrors for a year and then saw your refl ection, you might 
be stunned by the change. After an interval of 10 years without seeing yourself, you 
might not at fi rst recognize the person peering from the mirror. Even something as 
basic as our own face changes from moment to moment. The next time you look at 
yourself in the mirror, you will see the face of change.

The Face of Change

2According to David Buss (2000), Mendel sent Darwin papers on his research, but Darwin 
either did not read them or did not appreciate their relevance to evolution. Mendel’s con-
tribution was not recognized, by Darwin or anyone else, during his lifetime.
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such as the thickness of a mammal’s fur varies widely among the members of 
its species. If the climate turns gradually colder, those individuals with 
thicker coats will have an advantage over those with thinner coats, so they 
will live longer and produce more thick-coated offspring. With each succeed-
ing generation, there will be proportionally more animals with thick coats.

Evolution does not require the involvement of any intelligent agent; we 
need not, for example, imagine God as animal husbandry expert.3 The slow-
witted and the slow afoot are culled by natural predators that are smarter or 
faster. Those that are not suited to a change in climate or a change in the food 
supply perish. The environment “selects” desirable characteristics and spurns 
undesirable ones. 

What is desirable is not, however, an absolute. The thick fur that helped a 
species survive increasingly cold winters becomes a handicap when the win-
ters turn mild or when the search for food leads successive generations into 
warmer regions. Under these circumstances, those individuals with thinner 
coats are more likely to survive and pass on their genes. A characteristic is 
“good” only insofar as it contributes to the continuation of the species. The 
sickle-shaped red blood cells commonly found in the indigenous people of 
 Africa can cause a devastating form of anemia. However, they also provide re-
sistance to malaria, a deadly disease that is common to the continent.

It is difficult for some people to see how natural selection can do its work 
without intelligent direction. But intelligent direction isn’t required. Richard 
Dawkins (1986), in a book called The Blind Watchmaker, offers this analogy:

If you walk up and down a pebbly beach, you will notice that the pebbles 
are not arranged at random. The smaller pebbles typically tend to be 
found in segregated zones running along the length of the beach, the 
larger ones in different zones or stripes. The pebbles have been sorted, 
arranged, selected. (p. 43; see Figure 1-1)

What has sorted, arranged and selected the stones, Dawkins notes, is the me-
chanical, unthinking force of the waves. Big stones and small stones are af-
fected differently by the waves, so they end up in different places. Order evolves 
from disorder without intelligent intervention (see Dawkins, 1995a, 1995b).

The pebbly beach provides a convenient metaphor for natural selection, 
but it is not proof that natural selection actually changes species. In recent 
years, however, evolutionary biologists have brought evolution into the labo-
ratory. In one study (reported in Weiner, 1994), researchers raised fruit fl ies in 
total darkness. Normally, reproduction in these fl ies begins with a courtship 
dance that ends in mating. In a totally dark environment, a courtship dance—
which has to be seen to be effective—is of limited value. In the altered envi-
ronment, a new form of mating ritual evolved. Instead of dancing for the fe-
males, the males moved about in the dark until they found a female and 
copulated with her. The females, in turn, made no effort to escape the male’s 
 advances. In just 14 generations, a new form of mating behavior had evolved 
in response to a change in the environment. 

3For more on the relationship between Darwinism and religion, see Stephen Jay Gould’s (1999) 
Rocks of Ages, Michael Ruse’s (2000) Can a Darwinian Be a Christian?, and M. Wertheim’s 
(1999) article, “The Odd Couple.” 
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Other research has allowed us to see natural selection at work outside the 
laboratory. A classic example is the peppered moth, one of the many large 
moths found on the British Isles. The peppered moth feeds at night and rests 
during the day on the trunks and limbs of trees. Its survival depends in large 
part on its ability to escape detection by the birds that fi nd it an appetizing 
food. At one time, nearly all of these moths were a mottled light gray color, 
closely resembling the lichen-covered trees on which they rested. A rare black 
variation of the moth, fi rst observed in 1848, stood out against this back-
ground like coal against snow, making it highly vulnerable. But when pollut-
ants in certain industrial areas killed the lichen and darkened the bark of 
trees, the light-colored moths increasingly fell prey to birds, whereas the dark 
moths tended to survive and reproduce (see Figure 1-2). In forests near indus-
trial centers, where pollution was common, the black moths increased in 
number, and the light-colored variety declined. In some areas, 90% of the 
moths were of the once-rare black variety (Kettlewell, 1959).4 In recent years, 
improvement in air quality has reversed this trend, so that the white variety 
of peppered moth is once again dominant, and the dark variety is rare. 

The rock pocket mouse provides a similar example of natural selection at 
work, this time without the “help” of human activity. Rock pocket mice live 
among rocks in the deserts of the America Southwest. The mice feed at night 
on seeds and spend their days in burrows near or among the rocks. Some of 
the mice live in areas where the rocks are sandy in color, while others live 
among black volcanic rocks. There are two color phases of the mice, a light 
tawny color and a dark color; and, yes, you guessed it, the light-colored mice 
tend to predominate in areas where the rocks are light, and the dark mice pre-
vail among the black volcanic rocks. A recent study by Michael Nachman, an 
ecologist at the University of Arizona, and his colleagues (Nachman et al., 
2003) identifi ed the gene that controls the color phases in one group of these 
mice. 

It is the owls in the area, however, that we have to thank for the two vari-
eties of mice. Owls, keen eyed though they are, are much less likely to cap-
ture and kill animals that are well camoufl aged than animals that are not.
Mice that stand out against their surroundings are likely to become owl food. 
In a sense, the owls have selected the genes that Nachman identifi ed. 

Figure 1-1 Order out of disorder. The pebbles on a beach are arranged in an orderly 
fashion by gravity and the action of the waves. See text for explanation.

4Science writer Judith Hooper (2002) casts suspicion on Kettlewell’s work, but biologist Bruce 
Grant (2002) notes that Kettlewell’s conclusions are supported by several independent studies. 
He writes that “the case for natural selection in the evolution of melanism in peppered moths 
is actually much stronger today than it was during Kettlewell’s time” (p. 941).
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The same mechanism for selection has been demonstrated in other predator–
prey relationships. In one study, L. F. Ruggiero and colleagues (Ruggiero, 
Walls, & Cheney, 1977) placed a dead mouse in a lifelike posture in a large 
 enclosure with a fl oor covered with either brown peat moss or light wood 
shavings. They then put a hungry feral house cat in the enclosure. When the 
mouse’s coat color contrasted with the fl oor covering, the cat spotted the 
mouse at a distance about three times greater than when the mouse’s coat 
was similar to the fl oor coloring. 

Predatory animals are not the only source of pressure driving natural se-
lection. It seems likely that the skin color of humans living in different cli-
mates is affected not so much by predators as by the sun. Skin color is largely 
due to the amount of melanin, a substance found in the skin that screens out 
the sun’s harmful rays. The more melanin, the darker the skin, and the more 
sunlight is screened out. The people of Scandinavia and Northern Europe, 
where there is relatively little sunlight, are typically fair-skinned, a trait that 
allows them to absorb the sunlight they need to produce vitamin D. People 
who live near the equator, where there is an abundance of sunlight, are char-
acteristically dark-skinned, a trait that protects them against the hazards of 
too much sun. Through natural selection, the human species acquires the col-
oration that survival in a given environment requires. 

The work of Peter and Rosemary Grant (reported in Weiner, 1994) pro-
vides another demonstration of natural selection at work. The Grants studied 
fi nches on one of the Galapagos Islands. They found that only two species of 
the fi nches they observed ate the seeds of a plant called the caltrop. The seeds 

Figure 1-2 Natural selection in action. Prior to 1850, the gray peppered moth was hard 
to detect against the light trees on which it rested. After that, the Industrial Revolution 
darkened the trees, and within a few decades the once-rare black variety became 
dominant.
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are encased in a hard, spiny shell, and getting at them is difficult. In studying 
the differences between fi nches that ate the seeds and those that did not, the 
Grants discovered that very small differences in the birds’ beaks were  critical. 
A bird with a beak at least 11 millimeters long could crack the shell of a cal-
trop seed pod; one with a beak 10.5 millimeters could not. In times of severe 
drought, when practically the only food available is the seed of the caltrop, a 
difference of half a millimeter may mean the difference between living and 
dying. The Grants found that the average beak size increased during drought 
as birds with smaller beaks died off. The big-beaked survivors produced off-
spring that had beaks 4 to 5% longer than those of birds that had been around 
before the drought.

When the rains fi nally returned to the Galapagos Islands, the supply of 
seeds shifted, and the larger seeds became harder to fi nd. Now the shoe was 
on the other foot, or beak as it were, and the smaller-beaked birds had the ad-
vantage. “What a trifl ing difference,” Darwin wrote, “must often determine 
which shall survive, and which perish!” (quoted in Weiner, 1994, p. 65).

Characteristics can appear, disappear, and reappear through natural selec-
tion as the environment changes. Michael Whiting (Whiting et al., 2003) 
found, for example, that the walking stick, an insect that with its wings folded 
looks for all the world like a stick, has ancestors that were wingless, and those 
wingless insects themselves had ancestors that had wings. In other words, 
across the eons the walking stick developed wings, then lost wings, then de-
veloped wings again. The genes for wings appear to have remained dormant 
for 50 million years. Whiting and his colleagues note that wingless insects 
tend to lay more eggs than winged insects, so it may be that wings disap-
peared when fl ight became less valuable to survival than fecundity. 

In the same way, while nearly all babies can digest milk in infancy, many 
people lose this ability as they get older. But the incidence of such lactose in-
tolerance varies from one population to another. It is common among some 
groups (American Indians, for example) and rare among other groups. Adults 
in certain cattle-breeding tribes in Africa are seldom lactose intolerant. 
Among these tribes, periods of drought force people to rely on cattle milk for 
both nourishment and water. Those who are able to digest lactose are more 
likely to survive and reproduce. Evidence suggests that the lactose-tolerant 
individuals leave behind ten times as many descendents as lactose-intolerant 
people (in Wade, 2006). 

Natural selection accounts for most of the differences within a species 
from one geographic region to another and from one time to another. How-
ever, adaptation is also affected by abrupt changes in genes. These mutations, 
as they are called, can be caused by exposure to radiation and certain chemi-
cals and perhaps by viral infections. Mutations can occur in any of the body’s 
cells, but when they occur in the genes of reproductive cells (sperm or ova), 
the mutation is passed on to the next generation.

Offspring with mutated genes may or may not display a new characteris-
tic, just as a person who carries the gene for blue eyes may or may not have 
blue eyes. But the mutated gene will be passed on, seen or not, to future 
generations.

Most mutations produce changes that are not helpful to survival. Many of 
these changes are simply of no consequence, one way or the other. People who, 
as a result of a mutation, have alligator green or navy blue eyes may  experience 
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some ostracism, but their chances of surviving and reproducing are probably 
not strongly affected. Other mutations put the individual at risk. Mutations 
can result in two-headed snakes, for example. Because two heads are not, in 
fact, better than one, such animals seldom live long enough to reproduce their 
kind. Thus, harmful mutations are “selected out.”

 Query 2: An abrupt change in a gene is called a . Those that occur 

in  cells may be transmitted to offspring.

On some occasions, mutations result in adaptive changes. A mutation 
might, for instance, provide an animal with a new horn shape that proves use-
ful in defense, or it might provide resistance against certain diseases. When 
mutations are useful, they can mean rapid changes in the characteristics of a 
species because the offspring of individuals carrying the gene are more likely 
to survive and reproduce than those that lack it.

Mutations may not be the only way that new characteristics can appear.
Psychobiologist Gilbert Gottlieb (1992) and evolutionary biologists Eva 
Jablonka and Marion Lamb (2006), among others, note that many species have 
a great deal of unused genetic material and that this material can be activated 
by environmental conditions. New variations and even new species may ap-
pear from this dormant material as a result of the demands made by different 

Evolution skeptics have often said that mutations and natural selection cannot account 
for the sudden appearance of complex organs such as the human eye. Most evolution-
ary biologists would probably agree. But the biologists would go on to say that com-
plex organs do not normally appear suddenly. Far from it.

Evolution suggests that the human eye, for example, had its origin millions of years 
ago when a mutation resulted in light-sensitive cells appearing on the skin of some 
primitive animal. These light-sensitive cells provided some advantage (enabling their 
owner to avoid prey, fi nd food, or detect a mate), and this resulted in this individual 
leaving behind relatively more of its offspring than those that lacked these cells. Over 
time, through additional variations and natural selection, more light cells appeared, 
and the light-detecting organ became more complicated until today’s sophisticated 
light-sensitive organ, the eye, appeared.

There is reason to believe that the same process applies as well to largely innate 
behaviors. In fact, the same pressures that select a physical feature, such as wings, 
might simultaneously select a behavior, such as wing fl apping. For example, partridge 
tend to spend the bulk of their time on the ground, fl ying into trees only when in dan-
ger. In many instances they actually run up trees while fl apping their wings. Biologist 
Kenneth Dial (reported in Wong, 2002) found that wing fl apping while running up 
trees assists the partridge in getting out of reach of potential predators. Even partridge 
chicks with immature wings have an easier time reaching the branches by fl apping 
their stubby wings. Chicks that fl ap their wings when attempting to climb trees are 
more likely to escape predators than those that don’t, so this behavioral tendency is as 
likely to be selected as are wings that provide uplift.

Mutated Sight and Flight
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environments. For instance, killer whales in the North Pacifi c Ocean seem to 
be forming into two different varieties as a result of occupying two different 
niches (Hoelzel, Dahlheim, & Stern, 1998). One group is nomadic and feeds 
mainly on marine mammals; the other group remains in a fi xed territory and 
feeds mainly on fi sh. As the two groups have occupied different niches, ana-
tomical differences (the shape of the dorsal fi n) have begun to appear, and the 
two groups have not interbred for many years. It is possible that the two 
groups will become two distinct species, without mutations.

Variations in behavior and the process of natural selection produce a rep-
ertoire of partly innate, adaptive behaviors that include refl exes, modal action 
patterns, and general behavior traits.

Refl exes 

A refl ex is a relationship between a specifi c event and a simple response to 
that event. A refl ex is not, as is so often thought, a particular kind of behavior, 
such as an eye blink. A refl ex is a relationship between certain kinds of events, 
usually events in the immediate surroundings, and certain kinds of behavior. 
Thus, the tendency to blink when a speck of dirt hits your eye is a refl ex. The 
refl ex is not the eye blink but the relation between the speck of dirt and the 
eye blink. 

Refl exes are either present at birth or appear at predictable stages in devel-
opment. Most refl exes are found in virtually all members of a species and are 
part of the adaptive equipment of the animal. All animals, from protozoa to 
college professors, have refl exes. 

Many refl exes serve to protect the individual from injury. The amoeba is 
an irregularly shaped, one-celled animal that travels by extending a part of its 
perimeter forward and then pulling the rest along after. When the amoeba en-
counters a noxious substance, it immediately withdraws from it; this refl ex 
minimizes the harmful effects of the substance. Larger animals do much the 
same thing when they withdraw a limb from a painful object. The professor 
who picks up a very hot skillet will immediately release it and withdraw the 
injured hand. Other protective refl exes in humans include the eye blink, in 
which the eye closes when any object approaches it; the pupillary refl ex, in 
which the iris contracts or relaxes in response to changes in light; the sneeze, 
by which irritants such as dust and pollen are expelled from the nose and 
lungs; and the vomit refl ex, which removes toxic substances from the stom-
ach in an efficient, if indelicate, manner.5 

 Query 3: A refl ex is a between a specifi c and a 

simple .

Other refl exes are important in food consumption. When an amoeba en-
counters some edible object, such as a dead bacterium, it immediately re-
sponds to the object by engulfi ng it and making a meal of it. Humans have a 
number of such consumatory refl exes: Touch a baby’s face, and she will turn 
toward what touched her; this rooting refl ex is useful in fi nding the mother’s 

5Some research suggests that blushing, which seems an utterly useless refl ex, may protect us 
from injury by appeasing others we have offended (Keltner & Anderson, 2000).
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nipple. When the nipple touches the baby’s lips, this evokes the sucking  refl ex, 
which brings milk into the baby’s mouth. Food in the mouth elicits the sali-
vary refl ex, the fl ow of saliva that begins the process of digestion. The pres-
ence of saliva and food in the mouth triggers swallowing. Swallowing triggers 
peristalsis, the rhythmic motion of the lining of the esophagus that carries 
food to the stomach. Thus, the simple act of eating is, in large measure, a 
chain of refl exes. 

We tend not to notice useful refl exes until they fail to function properly. 
This can happen as a result of an allergic reaction to medication or as the result 
of injury or disease. Refl ex failure is seen in people who have consumed exces-
sive amounts of alcohol or other drugs that depress the central nervous system. 
Death from alcoholic intoxication can occur, for example, when the alcohol in-
terferes with the respiratory refl ex (inhaling and exhaling) or when the intoxi-
cated person vomits inadequately and chokes to death on the vomit—a fact 
that ought to make people think twice about binge drinking. Fortunately, most 
of us are blissfully unaware that we even have refl exes until, once in a great 
while, one of them malfunctions.

Not all refl exes are useful. Some people have life-threatening allergic re-
actions to certain foods, such as peanuts. In some people, epileptic seizures 
can be triggered by fl ickering lights, a loud noise, a certain kind of music, or a 
particular odor. Refl exes are subject to natural selection. Those that contrib-
ute to survival will appear more frequently in succeeding generations; those 
that hinder survival will literally tend to “die out.”

Refl exes are highly stereotypic; that is, they are remarkably consistent in 
form, frequency, strength, and time of appearance during development. This 
is not to say, however, that they do not vary at all. The rooting refl ex men-
tioned above, for example, may fi rst appear in one infant at the age of seven 
days but may not show up in a second infant for another week. There is also 
some variation in the form a refl ex takes. A tap below the knee may produce a 
barely detectable patellar refl ex in one person, whereas, in  another person of 
the same age and similar health, the same light blow may result in a kick that 
looks like an attempt to make a fi eld goal.

Refl exes are highly stereotypic, but the strength of a refl ex response can 
be changed. Eliciting a refl ex response can increase the intensity or probabil-
ity of the response to stimuli. This is called sensitization. Consider the star-
tle refl ex, the tendency to jump at a sudden, loud noise. If you jump when you 
hear a balloon burst nearby, you are then more likely to jump if you hear an-
other noise, such as the sound of a dropped book hitting the fl oor. Even a rela-
tively soft noise, one that would ordinarily not make you jump, may do so. 
The loud sound of the bursting balloon sensitizes you to other noises.

Vincent Dethier and his colleagues (1965) performed experiments on sen-
sitization in the blowfl y. The blowfl y is endowed with hairs around its mouth 
that are responsive to various substances. If one of these hairs is touched with 
a bit of water, a thirsty fl y will extend its proboscis (a trunklike organ through 
which it feeds) and drink. Dethier and his co-workers gave the blowfl ies plenty 
of water, so that touching a mouth hair with water would not result in probos-
cis extension. Then the researchers touched a mouth hair with sugar water, 
causing the feeding response. Once again the researchers touched the mouth 
hairs with plain water. This time, the feeding response did occur. Exposure to 
sugar water sensitized the fl ies to plain water.
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Sensitization may play a role in drug addiction. Animals given addictive 
drugs over a period of time are later more sensitive to their effects. In one ex-
periment, Kelly Powell and Stephen Holtzman (2001) gave rats morphine for 
one to four days and then tested their reaction to the drug after a period of ab-
stinence. The rats showed an increased response to morphine (i.e., sensitiza-
tion) for up to three months after their last dose. (See also Pontieri et al., 
2001.)

Repeatedly evoking a given refl ex response will result in a reduction in 
the intensity or probability of the response. This phenomenon is known as ha-
bituation. Seth Sharpless and Herbert Jasper (1956) noted the effects of loud 
noises on cats by recording their brain waves on an electroencephalograph 
(EEG). The EEG showed marked arousal at fi rst, but the reaction declined 
steadily with each repetition of a given sound, until the noise had hardly any 
effect. 

Wagner Bridger (1961) studied habituation in infants and found that when 
babies fi rst heard a noise, they responded with an increase in heart rate. With 
repetition of the noise at regular intervals, however, the change in heart rate 
became less and less pronounced until, in some cases, the noise had no mea-
surable effect at all. 

Habituation has even been demonstrated in the human fetus. A stimulus 
to the mother’s abdomen during the last three months of pregnancy will pro-
duce movement in the fetus. If the stimulus is applied repeatedly in a regular 
way, the fetal response becomes steadily weaker (Leader, 1995).6 

When the course of habituation is plotted on a graph, it usually reveals a 
fairly smooth, decelerating curve (see Figure 1-3).

Although habituation is a relatively simple phenomenon, it is not so sim-
ple as this discussion implies. Repeated exposure to a loud sound will produce 
habituation of the startle refl ex, but the degree of habituation and the rate at 
which it occurs depend on the loudness of the sound, variations in the quality 
of the sound, the number of times the sound occurs in a minute, the time in-
terval between repeated exposures to the sound, and other variables. (For more 
on this, see Thompson, 2000.)

 Query 4: Sensitization involves a/an in the probability or intensity 

of a refl ex response; habituation involves a/an in its prob-

ability or intensity.

Much of what we know about the physiology of sensitization and habitua-
tion we owe to Aplysia (ah-pleez-ii-ah), a marine mollusk the size of your fi st 
that is related to the common slug, and to researchers such as Eric Kandel 
(2006), whose work with Aplysia won him a Nobel Prize. Kandel and his col-
leagues found, for instance, that during sensitization there is an increase in a 
neurotransmitter (a chemical that aids neural fi ring) at the synapse, the gap 

6Slow fetal habituation tends to be associated with difficult pregnancy (Hepper, 1995), and 
there is some evidence that the rate at which a fetus habituates is correlated with intellectual 
development after birth and so might one day be used to identify prenatal medical problems 
(Madison, Madison, & Adubato, 1986).
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between neurons. With habituation, there is a decrease in this neurotransmit-
ter. This means that experience, the presentation of a stimulus, directly af-
fects the production of chemicals in the brain, which in turn affect behavior.7 

Modal Action Patterns 

A modal action pattern (MAP) is a series of interrelated acts found in all or 
nearly all members of a species. Modal action patterns resemble refl exes in 
that they have a strong genetic basis; display relatively little variability from 
individual to individual or from day to day in the same individual; and often 
are reliably elicited by a particular kind of event.8 They differ from refl exes in 
that they involve the entire organism rather than a few muscles or glands; are 
more complex, often consisting of long series of refl exlike acts; and are more 
variable, though still rather stereotypic. 

Modal action patterns go by a number of different names. The preferred 
term used to be fi xed action patterns, but the variability of the behavior 
 pattern suggested that fi xed was inappropriate. They are also called species-
specifi c behavior because they are specifi c to a particular species, or species-
typical behavior because nearly all members of a species display them. They 
used to be called instincts, but this term has fallen out of favor, partly be-
cause it came to refer to any more or less automatic behavior (as in, “Martha 
instinctively slammed on the brakes”).

7Because sensitization and habituation are changes in behavior brought about by experience, 
some authorities consider them primitive forms of learning (e.g., Kandel, 2006; Thompson, 
2000). 
8Modal means most frequent or typical.
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Figure 1-3 Habituation. Exposure to a novel stimulus produces a change in the electri-
cal conductivity of the skin (the galvanic skin response, or GSR). Repeated exposure to 
the stimulus results in progressively weaker GSRs. (Hypothetical data.)



Introduction: Learning to Change  13  

 Query 5: Modal action patterns differ from refl exes in that MAPs involve the

 organism and are more and

 .

Some modal action patterns protect the animal from predators. When 
confronted by a threatening dog, the house cat arches its back, hisses, growls, 
and fl icks its tail. These acts make the cat appear larger and more formidable 
than it really is and may therefore serve to put off an attacker. The opossum 
responds quite differently to predators: It plays dead. Some of the opossum’s 
predators eat only animals they themselves have killed; others will cover a 
dead animal they fi nd and return to eat it later, so a “dead” opossum has a 
good chance of surviving.

Other modal action patterns provide protection against the elements. 
Geese and many other birds migrate to warmer climes in the fall. When 
geese migrate, they typically fl y in fl ocks in “V” formation. It has been sug-
gested that this practice allows all but the lead bird to benefi t from reduced 
wind resistance thanks to the bird fl ying point. The lead bird drops back after 
a time and another bird takes its place, so that the burden of fl ying into 
the greatest wind resistance is spread throughout the fl ock. The theory is that 
the “V” formation reduces the amount of energy required for fl ying and 
thereby increases each bird’s chances of reaching its destination (Ruppell, 
1975).

Some modal action patterns are useful in procuring food. Pigs root for 
worms, larvae, and truffles beneath the ground; some spiders build webs with 
which they capture prey; and woodpeckers tap holes in tree bark to get at the 
insects that live there.

Many modal action patterns involve courtship and mating. The male 
western grebe, a water bird, attracts a mate by running on the water; the male 
bighorn sheep wins a partner by bashing its head against that of its rival. In 
most animals, courtship and mating are highly stereotypic, with little varia-
tion from one individual to another.

Modal action patterns also govern the care and rearing of the young. After 
mating, the female of a certain species of wasp builds a nest, places a para-
lyzed spider in it, lays an egg on top of the spider, closes the nest, and goes on 
its way, leaving the young wasp to fend for itself after it has hatched and eaten 
its fi rst meal. The newborn of many higher species of animals require more 
nurturing, for which task their parents are genetically equipped.

There is a tendency, however, to romanticize innate maternal behavior in 
animals, including humans. Science writer Natalie Angier (2006) points out 
that bad parenting, including indifference to the suffering of young, is com-
mon in the animal world. Douglas Mock (2006) of the University of Okla-
homa studied parenting in egrets. The larger egret chicks often peck the 
smaller chicks to death. Mock found that this often happened with one or 
both parents nearby, yet in observations of 3,000 attacks, Mock never saw a 
parent intervene. 

Egrets at least feed their chicks; the brown-headed cowbird doesn’t even 
do that. Instead, it deposits its eggs in the nests of other birds, often tricking 
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an unsuspecting sparrow or wren into making a heroic effort to feed a chick 
that is soon twice its own size.

We saw that refl exes are reliably elicited by specifi c kinds of events. Modal 
action patterns are also initiated by certain events, called releasers (or releas-
ing stimuli). For instance, the male rat ordinarily will mate only with females 
that are in estrus (i.e., in heat). The estrous female produces odorous chemi-
cals, called pheromones, that act as releasers for sexual behavior in the male. 
In the absence of these pheromones, the male will not usually attempt to 
mate. Similarly, a nesting graylag goose responds to an egg that has rolled out 
of the nest by “stretching the neck towards it, bringing the bill behind the egg 
and with careful balancing movements rolling it back into the nest” (Tinber-
gen, 1951, p. 84). A ball, an oval stone, or almost any more or less egg-shaped 
object near the nest will release this modal action pattern. 

The stickleback fi sh provides another example of a modal action pattern. 
The male responds aggressively to other males of its species, but this response 
is triggered by the red coloration on the male abdomen. It turns out that an 
object that has this color pattern will be threatened or attacked, even if it 
doesn’t resemble a stickleback, whereas objects that lack the color pattern 
will not be attacked even if they otherwise do resemble a male stickleback 
(see Figure 1-4). Dawkins (1995b) reports that a stickleback even “threatened” 
a mail van that had some red paint.9 

 Query 6: The color red is a for aggression in the male stickleback. 

Because of their complexity and their utility, many modal action patterns 
appear to be thoughtful acts. In fact, they are probably no more thoughtful 
than is the behavior of a person who responds to a rap on the knee by jerking 
his leg. An illustration of the unthinking nature of modal action patterns is 
provided by the tropical army ant. Entire colonies of these ants charge across 
the forests in what appears to be a highly organized, intelligently directed 
campaign. In fact, the ants are merely following a chemical trail laid down by 
the ants ahead of them. T. C. Schneirla (1944) demonstrated that on a fl at sur-
face, such as a road, where no obstacles direct the course of the march, the 
lead ants tend to move toward the ants beside them. The column then turns 
in on itself, and the ants soon march round and round in a circle. This is not 
very intelligent behavior.

Various people (e.g., Carr, 1967; Dawkins, 1995a; Skinner, 1966) have sug-
gested that modal action patterns may be selected by gradual changes in the 
environment. Consider, for example, salmon that migrate upstream to breed. 
This act often requires the fi sh to ascend steep cliffs and swim against rush-
ing currents. At one time, returning to the breeding area might have consti-
tuted a relatively easy swim up a gently rising stream. As geological changes 
gradually increased the steepness of the slope, those fi sh with the ability to 
make the trip bred successfully and reproduced their kind, whereas those not 
up to the challenge failed to reproduce. As geological changes continued to 

9This behavior of the stickleback makes us smile because it is so extraordinarily inappropriate. 
But the behavior appears stupid only because we are looking at the animal outside its natural 
habitat: Mail vans are not normally part of the stickleback’s environment.
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increase the difficulty of the task, the process of natural selection produced 
salmon capable of mastering it. Other complex modal action patterns (such as 
migration and mating rituals) may have been molded by the environment in 
much the same way.

Are there any modal action patterns in human beings? It is hard to say. 
Darwin (1874) wrote of the social instincts (including “the love of praise and 
fear of blame”) and of the instincts of self-preservation, lust, and vengeance, 
among others. Several decades ago, textbooks listed dozens of human in-
stincts, including the sex instinct, the social instinct, the maternal instinct, 
and the territorial instinct (see, for example, McDougall, 1908). But the list of 
human instincts has grown shorter over the years.

Today, many researchers maintain that there are no modal action patterns 
in human beings, that the “instincts” previously attributed to people lack the 
monotonous character of web spinning in spiders and nest building in birds. 
People approach prospective sexual partners from time to time, as do other 
animals, but among humans the method of approach varies tremendously 
from culture to culture, from individual to individual, and even within the 
same individual from time to time. Humans have invented marriage, dating 
services, prostitution, singles bars, personals columns, Internet chat rooms, 
escort services, massage parlors, and all sorts of rules and customs for  defi ning 

Figure 1-4 Fighting instinct in the stickleback. A realistic-looking model without a red 
belly (top) elicited fewer attacks than unrealistic looking models with red bellies. (After 
The Study of Instinct [Figure 20, p. 28], by N. Tinbergen, 1951, Oxford, England: Claren-
don Press.)
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how, when, where, and with whom sexual acts may be performed. The com-
plexity and variability of mating rituals among humans is a far cry from the 
stereotypic mating behavior of most other animals.

The same sort of case can be made against the so-called maternal instinct. 
True, many women do desire to have children and to protect and nurture 
them, as do many men. But there is tremendous variation in how mothers 
perform these tasks. In some societies, young children are fondled and held 
constantly, and their slightest need is met immediately; in others, children 
are left largely to their own resources. Moreover, women in Western societies 
increasingly delay or forgo altogether the traditional maternal role. True 
modal action patterns are not so readily discarded.

Some authors make a case for the incest taboo as a modal action pattern 
in humans. E. O. Wilson (1978) argues that people have an innate aversion to 
mating with members of their own family. In support of this, he cites research 
showing that children reared in Israeli kibbutzim (large, family-like commu-
nal groups) almost never marry within the kibbutz (Shepher, 1971).

But even this “instinct” is suspect. Sigmund Freud (1913) pointed out that 
if there really were a natural aversion to incest, there would be no need for an 
incest taboo. The taboo, he argued, was a cultural invention designed to avoid 
problems caused by incest. Further doubt about Wilson’s view is raised by 
studies showing that incestuous behavior is much more common than had 
been thought (see, for example, Russell, 1986; Watriss, 1982). If the aversion to 
incest were a true instinct, incestuous acts would be rare. 

There are, then, few if any modal action patterns in humans. The role of 
genetics in complex behavior is, however, seen in humans in the form of gen-
eral behavior traits.

General Behavior Traits 

Over the past few decades, a great deal of research has been done on the role of 
genes in determining general behavioral tendencies, or what I will refer to 
here as general behavior traits.10 These include activity level, aggression, in-
troversion, anxiety, hoarding (of food, for example), and sexual practices, 
among others. Some behavior traits are strongly infl uenced by genes. 

Some behavior traits were once classifi ed as instincts, but they differ from 
modal action patterns in important ways. As noted previously, modal action 
patterns are elicited by fairly specifi c kinds of environmental events, called 
releasers. The gaping mouth of a fl edgling induces the parent bird to provide 
food; a closed mouth does not have this effect. Behavior traits, on the other 
hand, occur in a wide variety of situations. For instance, under certain cir-
cumstances, aversives (i.e., those things an individual strives to escape or 
avoid; they are commonly described as painful, noxious, or unpleasant) will 
reliably produce aggressive behavior in many animals, including people 
(Berkowitz, 1983; Ulrich & Azrin, 1962).11 But the term aversive covers a lot of 

10I have adopted this term in place of inherited behavior traits to avoid the implication that the 
behavior is solely the result of genetics. No behavior is solely the result of genetics—or of 
environment (Moore, 2001).
11People are, of course, animals. The distinction between animals and people is made here and 
elsewhere to avoid the impression that we are concerned only with the so-called “lower” spe-
cies. In fact, our primary concern in this text is with human behavior. 
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territory: It can include, among other things, an electric shock, a pinprick, a 
spray of cold water, or an air  temperature above, say, 80 degrees. All can in-
crease the likelihood of  aggressive behavior. Modal action patterns are not re-
leased by so many different kinds of events.

Another difference between modal action patterns and behavior traits 
concerns the plasticity of the behavior. Compare the modal action pattern of 
the web-spinning spider with the aggressiveness of a shocked rat. Each web-
spinning spider spins a web with a specifi c pattern, and it goes about the task 
with a remarkable sameness, like someone living a recurrent dream. More-
over, the web spinning of one spider is remarkably like that of other members 
of the same species (Savory, 1974). But the rat that attacks its neighbor goes 
about it in a far less stereotypic manner; further, there may be considerable 
difference between the attack of one rat and that of another of the same 
species.

 Query 7: An event an individual tends to avoid is called an .

Behavior traits are more variable than modal action patterns, but there is 
no doubt that heredity plays a role in their appearance. Selective breeding can, 
for example, produce strains of animals differing in fearfulness (Hall, 1937, 
1951; see Figure 1-5), aggressiveness (Fuller & Scott, 1954), activeness (Rund-
quist, 1933), and addiction proneness (Nichols & Hsiao, 1967).

Today, genetic engineering can accomplish the same kind of thing. Gleb 
Shumyatsky, a geneticist at Rutgers University, and his colleagues (Shumyatsky 
et al., 2002) removed a particular gene from mice and then bred a line of mice 
without the gene. Although these mice looked and behaved normally, the 
missing gene had a profound effect on one kind of behavior. When mice are 
placed on an unfamiliar white surface, they normally display caution. The 
engineered mice, however, were comparatively bold: They spent twice as 
much time exploring the area as the normal mice did. 
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Figure 1-5 Fearfulness and heredity. Rats were placed in an open enclosure. The most 
fearful (A), as measured by urination and defecation, were bred with each other, as were 
the least fearful (B). The results of ten generations are shown. (Compiled from data in 
Hall, 1951.)
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Research on the reproductive habits of certain snakes offers evidence of 
the way in which natural selection shapes behavioral tendencies (Madsen 
et al., 1992). Researchers in Sweden compared female adders (a kind of poison-
ous snake) that had had several sexual partners with those that had not. They 
found that the more promiscuous snakes produced more offspring than the 
others. It turned out that some male snakes were better at fertilizing the fe-
male’s eggs, perhaps because they had more active sperm. Female snakes that 
had more partners therefore had a better chance of copulating with the more 
effective males. To the extent that the tendency to copulate with several part-
ners is inherited, these snakes will pass on this behavior to their young. There 
is, incidentally, evidence that such philandering is common in both males 
and females throughout much of the animal kingdom, including humans. 
(See, for example, Barash & Lipton, 2001.)

If a particular behavior trait is selected by the environment over many 
generations, there can be profound changes in the species. In a continuing 
study that began some 40 years ago, researchers selectively bred foxes solely 
on the basis of general behavioral characteristics (Kukekova & Trut, 2007; 
Trut, 1999). The researchers mated only those foxes that were most doglike in 
behavior—that is, least fearful of and aggressive toward people. After several 
generations, the foxes behaved more and more like dogs and less and less like 
foxes. Whereas foxes reared in captivity are normally very wary of people, 
these animals readily approached people and licked their hands. The “tame” 
foxes also showed a greater tendency to explore and had lower levels of corti-
sol, a hormone associated with stress (Trut, Pliusnina, & Os’kina, 2004). The 
foxes were also more responsive to human cues, such as pointing (Hare et al., 
2005). These changes in behavior were not due to domestication—the re-
searchers did not train them or interact with them more than with other 
foxes. Interestingly enough, the foxes also became more doglike in their phys-
ical appearance, with fl oppy ears, mottled color patterns, and upturned tails, 
all characteristic of dogs but very uncharacteristic of foxes. This suggests that 
behavior traits may be genetically linked to physical characteristics, so that 
an environment that selects one feature also produces another.12 

 Query 8: The fox-breeding study selectively mated foxes on the basis of 

.

J. Michael Bailey and his colleagues have found evidence of genetic infl u-
ence in sexual orientation (see Bailey & Pillard, 1995). In one study, Bailey 
and Deana Benishay (1993) identifi ed women who were homosexual and who 
had a sister who was adopted, a fraternal twin, or an identical twin. Of the sis-
ters who were adopted, only 6% were homosexual; 16% of the fraternal twins 
were homosexual; and 48% of identical twins were lesbian. Thus, the similar-
ity of the siblings varied directly with the degree to which they had genes in 
common. This study does not demonstrate that homosexuality is an inher-

12An implication of the fox selective breeding study is that the transformation of the wolf into 
the dog may have taken our ancestors far less time than had been thought.



Introduction: Learning to Change  19  

ited characteristic. (For one thing, 52% of identical twins were not homosex-
ual.) But it does suggest that heredity may play a role in sexual preference, a 
point supported by other research (see, for example, Eysenck, 1976). Marc 
Breedlove, a neuroscientist at Michigan State University, said, “I think most 
of the scientists working on these questions are convinced that the anteced-
ents of sexual orientation in males are happening early in life, probably before 
birth. . . . ” (quoted in Wade, 2007, p. 6). 

Similarly, altering gender identity has proved difficult. For example, in 
1968 a male infant suffered the loss of his penis in a botched circumcision 
procedure. The late John Money, an expert in gender research at Johns  Hopkins 
University, advised the parents to rear the boy as a girl. The thinking at the 
time was that gender identity and sexual orientation were largely the products 
of learning. Babies are identifi ed as male or female and reared accordingly, 
and some people thought that this provided the training ground for gender. 
The parents followed Money’s advice and reared the boy as a girl, but the 
“training” did not take, and by age 15 he reverted to the male gender. He later 
married but, sadly, at age 38, he died at his own hands. Experts generally now 
concede that gender identity and sexual orientation have strong biological 
components and are not easily changed. 

Numerous studies have suggested that genes also play an important role 
in some psychiatric disorders. For example, people are more likely to suffer 
from manic-depression if they have an identical twin who suffers from the 
disease than they are if they have a fraternal twin who suffers from it 
 (Bertelsen, Harvald, & Hauge, 1977; but also see Torrey & Knable, 2002). Other 
 research suggests a genetic link in anxiety disorders (Kendler et al., 1992), 
schizophrenia (Gottesman et al., 1987), and even reading disorders (Holquin-
Acosta, 1997). Other researchers have found evidence that criminality may be 
infl uenced indirectly by genes (Raine & Dunkin, 1990; Rutter, 1997).

Such problem behaviors would seem to be harmful to both the individual 
and the species and therefore likely to be “selected out,” but behavior that is 
problematic at one time may be helpful at another. Violent tendencies may be 
useful during war, for instance. Even some forms of psychiatric illness may 
have had survival value at one time. Consider agoraphobia, the fear of open 
spaces. In prehistoric times, those members of a group who held back while 
the others left the relative safety of a wooded area to enter an open meadow 
may have been less likely to fall prey to predators hidden in the grass. This 
idea is open to criticism (Schlinger, 1996), but genes do appear to play a role in 
maladaptive behavior.

Similarly, although people do not have a “social instinct,” most do have a 
strong tendency toward affiliating with other people. True hermits are rare, if 
not nonexistent. A sense of group membership seems to be an inevitable con-
sequence of this trait. Certain hunter-gatherer tribal groups refer to them-
selves by a word that in their language means merely “human being.” The 
implication is that members of other tribes are something other than human 
beings. Members of sophisticated Western societies have by no means out-
grown this tendency (Bandura, 1973; Keen, 1986).

It is easy to see how behavior traits may be products of natural selection. 
Rabbits are not well equipped for fi ghting their predators, so the rabbit that 
fl ees the fox may escape, whereas the rabbit that stands and fi ghts becomes 
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fox food. The same evolutionary forces no doubt have had their infl uence on 
human behavior: Individuals who preferred isolation to the security of the 
group, for example, were probably more likely to become some predator’s 
meal. Even today, hikers in bear country are well advised to travel in groups 
(see Van Tighem, 2001). 

Thanks to genetic variation and natural selection, then, adaptive forms of 
behavior (refl exes, modal action patterns, and general behavior traits) evolve. 
As the environment changes, new adaptive forms of behavior appear in the 
species and old forms of behavior that are no longer adaptive disappear. The 
environment selects what is needed for the  species to survive. Natural selec-
tion is a marvelous mechanism for producing both physical and behavioral 
characteristics suited to a changing environment, but it has its limits.

The Limits of Natural Selection

The chief problem with natural selection as a way of coping with change is 
that it is slow. It does nothing to help individuals now living survive; it works 
across generations to help the species survive.

Natural selection is therefore of limited value in coping with abrupt, and 
even not so abrupt, changes. If the average winter temperature were to rise 
one degree per century for a thousand years, bears might develop lighter coats 
and thinner layers of fat. But if that same rise in temperature were to occur 
over a few decades, bears might not be able to adapt fast enough, and they 
might become extinct.

We appear, in fact, to be in the midst of a naturalistic experiment of ex-
actly this kind. There is very good evidence that Earth’s temperature is warm-
ing. Although there may be several factors contributing to this, some of them 
quite natural, most earth scientists now believe that human activity is a ma-
jor contributor (Kolbert, 2006; Top Scientists Warn, 2007; Wilson, 2002). One 
result of the warming is that the polar ice cap is melting. With more ocean 
and less ice, polar bears have less territory and have a harder time fi nding 
their principle food source, seals. This is making survival difficult, and it is 
now feared that the polar bear may become extinct before the end of this 
century.

 Query 9: The chief problem with natural selection is that it is   .

The sudden appearance of a new predator may also prove disastrous. Tijs 
Goldschmidt (1996) reports that a fi shery officer introduced the Nile perch 
into Africa’s Lake Victoria in the 1950s. The perch have prospered since then, 
feeding on the indigenous fi sh in the lake. One of these species, the small 
furu fi sh that were once abundant, has suffered. In less than half a century, 
this one change in the furu’s environment has driven it to the verge of extinc-
tion. Natural selection was too slow to enable the furu to meet the challenge 
of the Nile perch.

Another example is provided by the passenger pigeon. These North Amer-
ican birds, which closely resembled their cousin the mourning dove, once 
fl ew in fl ocks so large that they blocked the sun and turned day into twilight. 
Although they once numbered in the millions, natural selection was no help 
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to the passenger pigeon against the shotgun and unregulated hunting, and the 
last passenger pigeon died in 1914.

The human species is not immune to such risks. The Ebola virus has no 
effective treatment, almost inevitably ends in a horrible death, and is highly 
contagious. The disease originated in and is currently limited to Africa. But 
this is the age of the jet plane and tourism, not to mention international ter-
rorism, so there is every reason to believe that the Ebola virus will threaten 
people in every continent during this century. Natural selection is unlikely to 
work fast enough to produce immunity to such a highly infectious and deadly 
disease. 

Another limitation of natural selection is that it is of no value whatever 
in helping living individuals cope with change. As a consequence, evolution-
ary change is always “behind the times.” Individuals are not born with par-
ticular characteristics because those characteristics will help them survive 
but because they helped that individual’s ancestors survive. As the environ-
ment changes, what was for one generation a favorable characteristic may be-
come irrelevant or even injurious for another.

 Query 10: Natural selection helps the to adapt to change, not the 

living .

Lee Cronk (1992) provides several examples of this phenomenon in a de-
lightful article called Old Dogs, Old Tricks. “Behavioral and physical adapta-
tions that seem to make no sense in an organism’s current environment,” 
Cronk writes, “can be traced to the legacy of an earlier, different environment 
in which those traits were favored” (p. 13). He cites the example of the rabbit 
that dodges back and forth when pursued by foxes, bobcats, and coyotes. This 
practice is still helpful in eluding these predators, but it is less effective when 
the rabbit fi nds itself on a highway “pursued” by a truck. Similarly, Cronk 
notes, armadillos befuddled approaching predators for thousands of years by 
springing into the air. Once again, however, this behavior is not adaptive on 
modern highways. As Cronk puts it, “Leap two feet high in front of a Buick, 
and you’re buzzard bait” (p. 13).

B. F. Skinner (1983b) has pointed out that human beings also can become 
hostages to their genetic history. He notes that humans evolved in a world in 
which salt and sugar were not readily available. Those individuals who had a 
natural preference for these foods were more likely to get the sodium and the 
calories needed for survival. We have, as a consequence, evolved into a species 
with strong preferences for both salty and sweet foods. But our world has 
changed. In industrial societies, salt and sugar are abundant, and many of us 
consume too much of them, endangering our health in the process. Now, 
heart disease, stroke, and diabetes are major killers and are considered dis-
eases of civilization.

Similarly, a strong appetite for sexual contact favored the survival of our 
species for thousands of years. Throughout most of human history, diseases 
killed most children before they reached reproductive maturity; others died in 
early adulthood from starvation, childbearing, or the routine hazards of an 
untamed world. Consequently, those individuals with strong sexual appetites 
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were valuable to the species. But in the last 200 years, advances in medicine, 
sanitation, and food production have so greatly reduced the mortality rate of 
our young that we no longer need to be so virile. Yet we retain our antiquated 
sexual appetite, with the result that we have overpopulated the planet. It took 
our species until 1800 to reach a worldwide population of one billion. Human 
population reached one and a half billion in 1900, now stands at over six bil-
lion, and is expected to exceed nine billion by the year 2050 (U.N. Population 
Division, 2007). For the rest of the world to live as well as the average Amer-
ican would require the resources of four more planet Earths (Wilson, 2002). 
Yet there seems to be little pressure from natural selection to reduce our 
fecundity. 

It seems clear that in today’s rapidly changing world, mutation and natu-
ral selection will not save us from disaster. Our only hope is that we can 
change through learning (Chance, 2007). But what exactly does it mean to 
learn? 

 REVIEW Charles Darwin’s theory of evolution holds that genetic adaptation depends on 
variation and natural selection. A given characteristic varies within a species, 
and those variations that are adaptive are selected because they contribute to 
the survival of individuals with that characteristic. Mutations can be passed 
on to progeny, thereby affecting evolution. Genetically infl uenced character-
istics include physical attributes, such as size and weight, and certain kinds 
of behavior: refl exes, modal action patterns, and general behavior traits. The 
evolution of adaptive forms of behavior plays an important role in the survival 
of a species, but evolution is a slow process that does nothing to aid the indi-
vidual faced with a new challenge. A mechanism by which the individual 
may adapt to change is learning.

Learning: Evolved Modifi ability 
Learning is a change in behavior due to experience. The defi nition is simple 
enough, but it bears careful consideration.

Learning Means Change

Consider, for example, the word change. Why should learning be said to be a 
change in behavior? Why not say, for example, that learning is the acquisition 
of behavior?

The word change is preferred over acquisition because learning does not 
always involve acquiring something (at least, not in the usual sense), but it 
does always involve some sort of change. Joan would like to quit smoking; 
Bill wants to stop biting his nails; and Mary and Harry would like to quarrel 
less. All of these reductions in behavior, if they occur, are examples of learn-
ing, but nothing has been acquired—at least, not in the ordinary sense of that 
word.

Some authorities insist that only durable changes qualify as learning, but 
since there is no consensus about what durable means (a few seconds? a min-
ute? a week? a year?), adding the term does not seem to help.
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What Changes Is Behavior

What changes when learning occurs is behavior. Behavior may be defi ned as 
anything an organism does that can be measured (Reber, 1995). Actually, any-
thing an organism does might qualify as behavior, but for scientifi c analysis 
we are necessarily limited to behavior that we can measure.13 

Some psychologists defi ne learning as a change in “cognitive structures” 
or as the storage of information, but because these concepts are inferred from 
behavior, they do not seem to add anything to our understanding.

Some people argue that learning should be defi ned as a change in the ner-
vous system that makes a change in behavior possible. In this view, behavior 
change is merely a symptom or correlate of learning. There is probably no 
learning researcher who would deny that learning involves a change in the 
nervous system. However, there are at least two problems with equating learn-
ing with physiological or anatomical changes. 

One problem is that we are just beginning to understand the biological 
mechanisms involved in learning. No one can point to changes in a rat’s brain 
and say, for example, “This animal can run a maze better today than it did 
yesterday.” Nor can anyone point to features of a person’s brain and say, “This 
person can play the piano.” At present, the only reliable measure of learning 
is a change in behavior. 

A second problem with defi ning learning as neurological change is that it 
denies the importance of behavior. It is, of course, important to understand 
how experience changes the nervous system. But even if we were able to say, 
on the basis of physiological measures, “This rat can run a maze better to-
day,” or “This person can play a piano,” it would not follow that the study of 
behavior is useless. The changes in behavior produced by experience are im-
portant in their own right, and not merely as a way of studying the nervous 
system. Insofar as learning is concerned, behavior is literally “where it’s at.”

 Query 11: Behavior is anything an organism does that can be   .

What Changes Behavior Is Experience

Our defi nition says that learning is due to experience. For our purposes, the 
term experience refers to exposure to events that affect, or are capable of af-
fecting, behavior. Such events are called stimuli.14

Stimuli are physical events: They are the changes in air pressure that we 
call sound, the light waves we call sights, the tactile pressures we call touch. 
The delicate fragrance of a rose derives from just so many molecules of “rose 

13English and English (1958) note that one problem in defi ning behavior is to identify where 
behavior ends and physiology begins. For example, is the beating of the heart behavior or physi-
ology? What about the fi ring of a neuron? Both are things that people and other animals do and 
both can be observed, but are they behavior?
14Stimuli can include events that take place within a person’s body. An abscessed tooth can 
cause pain, for example. For the most part, however, learning is the product of events in our 
surroundings. In laboratory research, a single stimulus may be identifi ed for study, but a given 
stimulus is always part of a complex array of stimuli. A light that is illuminated in a small 
chamber may have different effects, for example, from the same light in a large chamber.



24  CH A P TER ONE

matter” arising from the fl ower. Even the gentle caress and softly whispered 
words of a lover are, in scientifi c terms, merely physical events. Stimuli often 
have signifi cance beyond their physical properties (the smell of a rose may re-
mind us of a friend), but it is their physical properties that defi ne them.

 Query 12: A stimulus is an environmental event that is capable of affecting 

.

Not all changes in behavior are due to experience, and not all experiences 
are learning experiences. A physician may give an emotionally distraught 
man a tranquilizer, but we do not then say that the patient learned to be calm. 
A woman who is usually very agreeable may, following a head injury, become 
very argumentative. If this change in behavior is due to brain damage, we do 
not say that she learned to be quarrelsome. Thus, changes in behavior that 
are due to aging, injury, drugs, or disease do not qualify as learning. 

At this point you may think that we have left biology behind and are now 
in new territory. But in fact learning is very much a part of biology. Learning 
is a biological mechanism for coping with changes in the environment within 
the lifetime of the individual. 

Most people think of learning as the acquisition or improvement of skills 
and knowledge. They think of it as something that takes place in the home, 
school, or work, and this is of course true. But learning involves much more 
than that. Learning is a survival mechanism that has evolved through natu-
ral selection. Indeed, learning may be thought of as the crowning achieve-
ment of evolution. It is an evolved mechanism for coping with the challenges 
of a changing environment. The ability to learn did not evolve because previ-
ous generations with good learning skills mastered irregular French verbs or 
earned A’s in arithmetic; it evolved because those who learned well more of-
ten survived and passed on their genes to the next generation. Learning is fi rst 
and foremost about survival.

Although learning is a biological mechanism, it is a different sort of mech-
anism than the mostly inherited behaviors that we considered earlier. Learn-
ing does not give the species the tendency to behave a certain way in a new 
situation; rather, it gives the individual the tendency to modify its behavior to 
suit that situation. It is an evolved modifi ability. 

Learning takes up where refl exes, modal action patterns, and general be-
havior traits leave off. It enables the organism to adapt to situations for which 
its largely innate behavior is inadequate. Consider, for example, how animals 
come to avoid eating poisonous foods. To some extent, poisonous foods may 
be avoided because of an inherited tendency to avoid certain odors or tastes. 
Many poisons taste bitter, for example, and spoiled foods often have foul 
odors. The tendency to avoid bitter tastes and foul odors is therefore adaptive. 
But these innate preferences are not perfect: Some items that taste bad are 
 nutritious; some that taste good are deadly. How then does an animal or a 
 person survive this danger? The answer is by learning to avoid eating the 
harmful items. A rat that becomes ill after eating a grain with a particular 
taste is likely to avoid eating that grain again. We do exactly the same thing 
when we avoid eating foods that “don’t agree” with us. 
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Poisonous foods are not the only hazards, of course, and learning plays an 
important role in protecting humans and other creatures from dangers such 
as fi re, storms, famine, and natural predators. Some research even suggests 
that certain kinds of learning experiences can modify the behavior of the 
body’s immune system and thereby aid recovery from disease (Ader & Cohen, 
1975; Bovbjerg et al., 1990; see Chapter 4).

But learning is not merely a defense mechanism. Especially among the 
higher species (i.e., the better learners), learning is a means of fulfi lling both 
the needs of survival and of achieving “the good life.” An intriguing study by 
anthropologist Shirley Strum (1987) shows how success among baboons may 
depend on learned strategies. Strum studied a troop of baboons in Kenya. She 
noted, as others had before her, that the highest-ranking males were the most 
aggressive. These animals took what they wanted, be it sexual favors or food; 
low-ranking males were passive. This is just as the British poet Tennyson 
would have it: “Nature, red in tooth and claw.” But Strum began taking care-
ful note of which animals actually benefi ted most from life in the troop. It 
wasn’t, she discovered, the aggressive, dominant males that had the greatest 
success with females or got the best food; it was the lowest-ranking, least ag-
gressive ones. She found, for instance, that only one out of four successful at-
tempts to mate with females involved aggression. The more successful males 
used a kinder, gentler approach to getting what they wanted.

Strum found that the most aggressive males were generally newcomers; 
the least aggressive were long-term members of the troop. She speculates that 
when males fi rst join a troop they are very aggressive, but with time they 
learn to use other, more effective techniques. “Real power,” writes Strum, 
“resided with those who were ‘wise’ rather than those who were ‘strong’ ” 
(p. 151).

Learning also provides the power to modify the physical environment. 
This is most clearly evident in the case of humans, whose extraordinary 
 learning ability has enabled them to reshape the world. They are, as one writer 
puts it, “the only animals living in a world almost entirely of their own mak-
ing. They cocoon themselves in synthetic materials, create their own day-
light, breathe climate-controlled air, transform their food by cooking and 
chemistry and spend much of their time sending and responding to electronic 
messages” (Marschall, 1992, p. 52). None of these changes is the direct result 
of inherited behavior; all are products of learning. Such observations induce 
many people to wonder which is more important in determining human (and 
animal) success, heredity or learning.

We have established that evolution and learning are both effective means 
of dealing with environmental changes. At this point, people often ask, 
“Which is more important? Nature or nurture?” Increasingly, scientists in 
both evolutionary biology and learning are coming to agree on a perverse 
answer.

 REVIEW Learning is a change in behavior due to experience. The word change is used be-
cause learning does not necessarily involve acquisition. Behavior is anything 
an organism does that can be measured, and experience means exposure to 
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events that are capable of having a measurable effect on behavior. Such events 
are called stimuli. 

 Query 13: Learning ability evolved because it had  value.

Nature via Nurture
One of the longest-running arguments in the study of behavior concerns the 
roles of nature and nurture.15 The argument usually focuses on whether be-
havior is inherited or the result of experience. Do we, as individuals, behave a 
certain way because we were “born that way,” or do we behave that way be-
cause our environment “taught” us to behave that way?

The debate is evidenced in aphorisms people use every day, often without 
thinking about their larger signifi cance. Is it true, for instance, that “blood 
will tell,” or is it more accurate to say that “as the twig is bent, so the tree is 
inclined”? Are leaders born, or are they made? Can a person “turn over a new 
leaf,” or is the leopard stuck with its spots? 

Of course, no one denies that learning is important, at least in higher ani-
mals, and no one completely ignores the role of heredity. The late psychologist 
and prominent behaviorist B. F. Skinner is often called an “extreme environ-
mentalist,” yet his earliest research interest was in biology, and throughout 
his career he wrote repeatedly of the role of biology in behavior (Morris, Lazo, 
& Smith, 2004; Skinner, 1969, 1975). In one passage, Skinner (1953) writes that 
“behavior requires a behaving organism which is the product of a genetic pro-
cess. Gross differences in the behavior of different species show that the ge-
netic constitution . . . is important” (p. 26). Similarly, biologists such as E. O. 
Wilson (1978) who emphasize hereditary factors in behavior are often labeled 
“biological determinists,” yet they acknowledge that experience plays an im-
portant role as well. 

Nevertheless, for centuries people have lined up on one side or the other 
of the nature–nurture debate, arguing that one or the other, heredity or learn-
ing, is the true determinant of behavior. 

The trouble with the nature–nurture debate is that it creates an artifi cial 
division between the contributions of heredity and experience. The debate 
wrongly implies that the answer must be one or the other (Kuo, 1967; Midgley, 
1987). In fact, nature and nurture are inextricably interwoven in a kind of 
Gordian knot. The two strands cannot be separated. As William Verplanck 
(1955) put it long ago, “learned behavior is innate, and vice versa” (see also 
Schneider, 2003).

Consider the question, Are humans naturally aggressive? Wilson (1978) 
reports that among the !Kung San, an aboriginal people of Africa, violence 
against their fellows was almost unknown. But Wilson points out that several 
decades earlier, when the population density among these people was greater 
and when there was less governmental control over their behavior, their per 
capita murder rate rivaled that of America’s most dangerous cities.

15Nurture incorporates more than learning. An injury or a bad diet, for example, can affect 
behavior. However, our interest here is in the role of learning in behavior.
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Wilson (1978) adds that the Semai of Malaya also have demonstrated the 
capacity for both gentleness and violence. Murder is unknown among these 
people; they do not even have a word in their language for the concept. Yet 
when the British colonial government trained Semai men to fi ght against 
Communist guerrillas in the 1950s, the Semai became fi erce warriors. One 
anthropologist wrote that “they seem to have been swept up in a sort of in-
sanity which they call ‘blood drunkenness’ ” (Dentan, quoted in Wilson, 1978, 
p. 100). Wilson concludes from such evidence that “the more violent forms of 
human aggression are not the manifestations of inborn drives . . . [but are] 
based on the interaction of genetic potential and learning” (Wilson, 1978, 
p. 105).

Experiments with animals support this view. Zing Yang Kuo (1930) of 
China reared kittens under different conditions.16 Some grew up with their 
mothers and had the opportunity to see them kill rats. Others grew up away 
from their mothers and never saw rats killed. When the kittens had matured, 
Kuo put them together with rats. He found that 86% of the cats that had 
been reared with their mothers killed rats, but only 45% of the others did. 
Thus, even something as basic as killing “natural” prey is infl uenced by 
experience. 

What is true of aggression is true of other kinds of behavior. Harry and 
Margaret Harlow (1962a, 1962b) reared infant monkeys in isolation to see how 
their development would be affected. They found, among other things, that 
these monkeys became sexually incompetent adults. When given the oppor-
tunity to mate with a normally reared monkey, they sometimes showed an 
interest but were at a loss as to how to proceed. Isolation had evidently de-
prived them of learning experiences important to normal sexual functioning.

 Query 14: Kuo’s experiment showed that whether cats killed rats depended on whether 

they saw   .

Again, the same phenomenon may be seen in humans. The mistaken 
ideas that children and some uneducated adults have about sex and 
 reproduction make it clear that learning is very important in the development 
of human sexual behavior, but human sexuality is not entirely the product of 
learning. Numerous studies have suggested that heredity may play an impor-
tant part, for instance, in determining the frequency of adult sexual activity, 
the number of sexual partners a person has in a lifetime, and even the kinds 
of sexual practices an individual fi nds acceptable (Eysenck, 1976). As in the 
case of aggressive behavior, sexual behavior is not entirely a matter of “doing 
what comes naturally”; it is the product of both heredity and learning.

Child-rearing practices follow a similar pattern. In their studies of mon-
keys, the Harlows (1962a, 1962b) found that when female monkeys reared in 
isolation had offspring, they later became poor mothers. They seldom petted 
or fondled their young, and even neglected to nurse them. There are no com-

16Here and there I mention the nationalities of researchers to show that learning research is 
done around the world. I do not do it all the time because it might get tiresome for the reader 
and because nationality is not always easily determined.
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parable studies of humans reared in isolation, of course, but studies do show 
that many child abusers were neglected or abused themselves as children 
(Widom, 1989; Wiehe, 1992). Innate tendencies are clearly insufficient to ac-
count for human parenting behavior.

Deviant behaviors are the products of the interaction of heredity and 
learning. Selective breeding can produce successively more deviant offspring, 
but certain kinds of experience can also produce a “nervous breakdown” in 
otherwise healthy animals (Pavlov, 1927, see Chapter 9; Masserman, 1943). 
The Harlows (1962a, 1962b) found that their isolated monkeys, though geneti-
cally normal, grew up to be “neurotic” adults, chronically fearful and socially 
inept. 

A similar picture emerges from a study of deviant behavior in humans. 
There is evidence that humans can inherit a tendency toward anxiety, bizarre 
thinking, and other forms of abnormal behavior (Carter, 1933; Pedersen et al., 
1988). Experience, however, also plays an important role in aberrant behavior. 
Henry P. David and his colleagues (1988) report, for example, that unwanted 
children are more likely than others to show signs of maladjustment, which 
suggests that early learning experiences play an important role in adult 
adjustment.

The ability to learn is itself the product of both heredity and experience. 
Numerous studies suggest that genes play a role in determining learning abil-
ity (humans are, for example, smarter than rats), but many other studies have 
shown that learning experiences are also important. Animal studies  beginning 
in the 1960s demonstrated that laboratory animals reared in complex 
 environments develop larger brains and learn faster than animals reared in 
simpler environments (e.g., Rosenzweig et al., 1968). Similar experiments are 
not possible with humans, but studies of naturally occurring differences in 
environment yield similar results. For instance, Betty Hart and Todd Risley 
(1995; for a summary see Chance, 1997) did a longitudinal study of the verbal 
environment provided by parents with different educational backgrounds. 
They found huge differences in the amount and kinds of verbal exchanges 
between parents and their young children. Those children whose parents 
talked to them a lot (providing lengthy explanations and lots of positive feed-
back, for example) later scored higher on intelligence and vocabulary tests 
than those children whose parents were more reticent. The differences held 
even when race and socioeconomic level were held constant. Stephen Jay 
Gould (1999) argued that even if genes for intelligence exist, “we will need an 
extensive regimen of learning to make possible any benefi t from its enhanced 
action. . . . We call this regimen education” (p. 62). 

Even behaviors that seem to be “purely” genetic often turn out to be at 
least partly products of experience. Among cowbirds, for example, the imma-
ture calls of young birds elicit a call from adult females, and this leads to the 
young bird producing a more sophisticated song (Goldstein, 2007). 

Or consider the aggressive behavior of many young birds toward their sib-
lings. Douglas Mock (2006) compared great blue herons and great egrets. The 
egrets were much more likely to kill their siblings than were the herons. At 
fi rst glance it appears that the egrets are innately more aggressive, the herons 
more “humane.” But Mock performed an experiment: He had egrets raise her-
ons and herons raise egrets. If the difference in siblicide (the killing of sib-
lings) were solely determined by genetics, this switch should have made no 
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difference. What Mock found, however, was that while egrets showed the 
same amount of aggression to their siblings, the herons showed more. The dif-
ference was due to parental behavior: The herons bring their young large fi sh 
they can share; the egrets bring small fi sh the birds can swallow—if they get 
one fi rst. The differences in feeding pattern infl uences the aggressiveness of 
the chicks. 

The popular view of genes as little suitcases packed with information that 
dictates what color your eyes will be and whether you will wear a size 5 or a 
size 10 shoe is quite inaccurate. There is no information in genes and no set of 
instructions. All that genes do is produce proteins, proteins that, in turn, af-
fect tissues. But whether the genes produce proteins depends on the environ-
ment (Moore, 2001). In a sense the gene has a toggle switch; whether the 
switch is “turned on” or not depends on the environment.

It is clear, then, that while we are biological organisms, we are also envi-
ronmental organisms. Heredity is a very important infl uence on behavior, but 
the notion that genes cause behavior is now, according to geneticists them-
selves, thoroughly discredited (Moore, 2001; Morange, 2001). The actions of 
genes do have important effects on behavior, but what genes do is in turn in-
fl uenced by environment (Moore, 2001). Some experts now speak of nature 
via nurture (see Ridley, 2003). Someone has said that asking, “Which is more 
important in determining behavior, heredity or environment?” is like asking, 
“Which is more important in determining the area of a rectangle, width or 
length?” 

All forms of behavior refl ect a blending of nature and nurture so complex 
and intricate that it is impossible to say where one begins and the other ends. 
Heredity and learning are merely different aspects of the same process, the ef-
fort to cope with life’s one constant—change.

People have spent an amazing amount of time trying to prove their superiority over 
other species. Part of this effort has been devoted to fi nding some uniquely human 
characteristic, some quality that sets our species apart from lower organisms. We used 
to say, for example, that Homo sapiens was the only animal that reasoned, but studies 
of animal learning raised serious doubts about that. We said that we were the only 
creature to make and use tools, but then we discovered that chimpanzees make and 
use tools all the time. We said that humans were the only animals capable of learning 
language, but then we taught apes and porpoises to communicate.

One by one, the characteristics that we have held to be uniquely human have 
been found in other species. The ultimate futility of this endeavor was pointed out by 
the British philosopher Bertrand Russell: “Organic life, we are told, has developed 
gradually from the protozoan to the philosopher; and this development, we are as-
sured, is indubitably an advance. Unfortunately, it is the philosopher, not the proto-
zoan, who gives us this assurance” (quoted in Durant, 1926/1927, p. 523).

Perhaps the only uniquely human characteristic is this: So far as we know, we are 
the only creature that spends time trying to prove its superiority over other creatures. 
The rest of the animal kingdom treats the matter with indifference.

The Superior Animal
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 REVIEW The argument over the relative importance of heredity and learning in deter-
mining behavior tends to obscure the underlying fact that both genetics and 
learning typically contribute to the survival of the individual and the species. 
They are merely different ways of adapting to change.
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REVIEW QUESTIONS

Note: Many of the questions that appear here (and in subsequent chapters) 
cannot be answered merely by searching through the chapter and copying a 
line or two from the text. To answer the questions properly, you may have to 
apply information in the text in imaginative ways.

 1. Defi ne the following terms. Give an example or illustration of each that is 
not taken from the text.

aversive mutation
behavior natural selection
general behavior trait refl ex
habituation releaser, or releasing stimulus
learning sensitization
modal action pattern stimulus

 2. What is the mechanism by which species change as their environments 
change?
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 3. Are humans still evolving? How could you prove that they are or are not?

 4. Why has the fi eld mouse not evolved into an animal as large and ferocious 
as the grizzly bear?

 5. In what sense is natural selection the product of environment?

 6. In what sense is learning the product of natural selection?

 7. How are refl exes and modal action patterns like the ROM (read-only 
memory) of a computer?

 8. Invent a new refl ex, one that would be helpful to humans.

 9. One learning specialist (Rachlin, 1976) refers to modal action patterns as 
complex refl exes. Do you like this idea? Explain.

10. Who said change is the only constant, and what did he mean?

11. Why is natural selection “behind the times”? Is learning behind the 
times?

12. During wars, some soldiers sacrifi ce themselves to save their comrades. 
Some behavior scientists believe such altruistic behavior is the product of 
natural selection. How can this be, when the altruistic act ends the 
person’s opportunities to pass on his or her genes?

13. How are refl exes, modal action patterns, and general behavior traits alike? 
How do they differ?

14. How would the length of a species’ life span affect its chances of adapting 
to change through natural selection? 

15. A person is asked to blink his eyes and does so. Is this a refl ex act? 
Explain.

16. Why are most mutations unhelpful?

17. In an unchanging world, would an organism with appropriate innate be-
havior need to learn?

18. Under what circumstances might learning be nonadaptive?

19. Captive animals often behave very differently from animals in the wild. 
In which circumstance is their true nature revealed? Where should one 
look to see true human nature?

20. People sometimes suggest that one thing that distinguishes humans from 
other animals is the tendency of people to believe in God. Is this dis-
tinction valid? If so, is the belief in God innate?

PRACTICE QUIZ

 1. Learning is a(n)  in  due to 
.

 2. The human fondness for sugar and  illustrates that 
behavior that has survival value at one time may be harmful at another 
time. 
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 3. The sight of a chick with an open mouth reliably results in an adult 
bird providing food. The chick’s open mouth is an example of a(n) 

.

 4. Evolution is the product of  and 
.

 5. A refl ex is a(n)  between a specifi c 
 and a simple response.

 6. In The Blind Watchmaker, Richard Dawkins suggests that the arrange-
ment of  on a(n)  demonstrates 
how order can come out of disorder without intelligent intervention.

 7.  is a reduction in the intensity or probability of a 
response due to repeated exposure to a stimulus that elicits that response.

 8. Peter and Rosemary Grant demonstrated natural selection in fi nches on 
the Galapagos Islands. They found that during , the 
number of fi nches with larger beaks increased, while the number of birds 
with smaller beaks fell.

 9. The chief limitation of natural selection as a mechanism for coping with 
change is that it is .

 10. An aversive event is one that an organism ordinarily 
 or   .

QUERY ANSWERS

Query 1. Species change through natural selection.

Query 2. An abrupt change in a gene is called a mutation. Those that occur 
in reproductive/germ cells may be transmitted to offspring.

Query 3. A refl ex is a relation/relationship between a specifi c event/stimulus 
and a simple behavior/response.

Query 4. Sensitization involves an increase in the probability or intensity of 
a refl ex response; habituation involves a decrease in its probability or 
intensity.

Query 5. Modal action patterns differ from refl exes in that MAPs involve the 
whole/entire organism and are more complex and variable.

Query 6. The color red is a releaser for aggression in the male stickleback. 

Query 7. An event an organism tends to avoid is called an aversive. 

Query 8. The fox-breeding study selectively mated foxes on the basis of 
behavior.

Query 9. The chief problem with natural selection is that it is slow.

Query 10. Natural selection helps the species to adapt to change, not the liv-
ing individual.

Query 11. Behavior is anything an organism does that can be measured.

Query 12. A stimulus is an environmental event that is capable of affecting 
behavior.
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Query 13. Learning ability evolved because it had survival value.

Query 14. Kuo’s experiment showed that whether cats killed rats depended 
on whether they saw their mothers kill rats.

Workbook Chapter 1 includes:
• Test items to check your mastery of natural selection and learning
• Thought questions about the nature–nurture issue

Active Learning
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My business is to teach my aspirations to conform themselves to fact, not to 

try and make facts harmonize with my aspirations . . . Sit down before fact as 

a little child, be prepared to give up every preconceived notion, follow humbly 

wherever and to whatever abysses nature leads, or you shall learn nothing.

T. H. Huxley

Poets, educators, and philosophers have long admired learning, sung its 
praises, and wondered at its power. But learning has been the subject of 
scientifi c analysis for only about a hundred years.1

What does scientifi c analysis mean when it comes to learning? Answers 
to this question vary, but many researchers now take a natural science ap-
proach to the study of learning. The natural sciences use a variety of tech-
niques to understand their respective fi elds. The tools of the physicist are not 
the same as those of the biologist. However, there are certain common ele-
ments in their work. One of these is an emphasis on physical events.

The ancient Greeks may have “explained” the behavior of falling bodies 
by theorizing that the object feels a need to return to its natural place, Earth, 
but the modern physicist’s explanation has to do with the relative masses of 
the object and of Earth and of the distance separating them. In the past, natu-
ral philosophers may have interpreted a plant’s tendency to turn toward the 
sun as an act of will by the plant, but the modern botanist points to physical 
changes in the plant produced by sunlight. In the natural sciences, explaining 
a phenomenon means identifying the physical events that produce it.

This approach has proved tremendously effective, not only in improving 
our understanding of the natural world but also in producing practical  solutions 
to problems. Yet we have been slow to apply the same approach to behavior. We 
routinely say, for example, that a man slams a door because he feels angry or 
that a rat presses a lever because it knows lever pressing produces food.

Such “explanations” are troublesome, not so much because the events re-
ferred to cannot be publicly observed, but because the explanations they pro-
vide are circular. In a circular explanation, the evidence for the explanation is 
the very thing that is being explained: Why did the man slam the door? Be-
cause he was angry. How do we know he was angry? Because he slammed the 
door. Why does the rat press the lever? Because it knows lever pressing pro-
duces food. How do we know the rat knows this? Because it presses the lever. 
In science, this simply will not do!

This is not to say that thoughts and feelings do not exist or are unimport-
ant. It may well be that a man who slams a door is angry, but his anger doesn’t 
explain his behavior. For if we blame the door slamming on anger, we must 
then ask, “Why is he angry?” Similarly, a rat may know that pressing a lever 
produces food, but why does the rat know this? These questions bring us back 

1Learning is a major topic in the fi eld of psychology. John B. Watson called it the “great problem 
in all human psychology” (quoted in Lattal, 2001, p. 351) and it has largely dominated experi-
mental psychology, at least in the United States.
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For research purposes, behavior must be defi ned in terms of its measurement. Because 
the operation used to measure behavior defi nes it, this is called an operational 
defi nition.

In ordinary conversation, we might talk about the way the smell of good food 
makes our mouths water. To study this phenomenon, however, we must defi ne mouth 
watering in some precise way. A person’s mouth waters when the salivary glands 
secrete saliva, so we might measure the excretion from these glands by putting cotton 
balls in either side of a person’s mouth. After a time, we would collect these 
cotton balls and weigh them; this would give us a measure of salivation. Salivation is 
defi ned, in this instance, as the number of milligrams of saliva absorbed by cotton 
balls of a certain size placed at particular points in the mouth for a specifi ed period of 
time.

Similarly, we may be interested in teaching a pigeon to peck a small disk, but what 
is a disk peck? If the bird makes a pecking motion in the direction of the disk, is that a 
disk peck? If it strikes the area near the disk, does that count? What if it touches the 
disk very lightly with its beak? If three people observed a pigeon and counted disk 
pecks, we might easily get three different counts. For this reason, researchers typically 
use a recording apparatus that is activated when a certain amount of pressure is ex-
erted on the disk. If the bird strikes the disk hard enough to activate the recorder, it has 
disk-pecked; otherwise, it has not.

Notice that our defi nition of behavior does not require that each performance be 
the same as the last. A pigeon may peck a disk hundreds of times in the course of an 
experiment, but that does not mean that every peck is exactly the same. In fact, it is 
likely that, among those hundreds of disk pecks, no two are exactly alike. A given bird 
may strike a disk a glancing blow from the right, then from the left, then head-on. It 
may peck the disk with varying amounts of force. It may peck the center of the disk, 
the top, the bottom, or either side. It may peck while arching its neck or standing on 
one foot or fl apping its wings. Yet each of these variations in behavior counts as a disk
peck if it activates the recording device.

Although salivating and disk pecking are simple acts, behavior can be very com-
plex. In the laboratory, a researcher may train a rat to run a maze. The maze may be 
quite intricate, and running it may require making correct turns at dozens of choice 
points. The behavior called “running the maze” consists of performing all of the steps 
necessary to reach the end of the maze.

Does our defi nition of behavior mean that feeling and thinking are off limits to sci-
entifi c analysis? The point is debated, but most learning researchers would probably 
say that if feeling and thinking can be operationally defi ned (i.e., defi ned in terms of 
measurement), they can be studied.

If we wish to study fear of spiders in people, for example, we may defi ne fear as a 
rise in heart rate, an increase in the rate of respiration, an increase in the electrical ac-
tivity of certain muscles, an increase in the electrical conductivity of the skin, a verbal 
expression of fear, or as some combination of these or other acts in the presence of 
spiders. Some behavior scientists would say that fear is these acts, whereas others 
would argue that they merely indicate the presence of fear. But even if sweating and 
breathing faster are not the same thing as feeling afraid, they are reliably found in peo-
ple who are judged to be afraid, and so they make convenient measures of fear.

Defi ning Operations
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2There is a school of thought, popular in university social science departments and in colleges 
of education, that says the scientifi c method that has served the world so well for 400 years is 
now outmoded, that science is just a debate about an unknowable reality. This philosophy, 
called Constructivism (Cobb, 2000), is sometimes attributed to Thomas Kuhn in his book, The 
Structure of Scientifi c Revolutions. Interestingly, Kuhn himself rejected this interpretation of 
his work (Dyson, 1999), as do the vast majority of natural scientists.

Thinking is perhaps more challenging than emotion, but the same standard ap-
plies. We cannot measure a person’s thinking directly (although to some extent we can 
measure its neurological correlates), but sometimes thinking spills over into the public 
arena, where it can be measured. For instance, when students study for an exam or try 
to solve a diffi cult problem, they use the same vocal muscles used in speech even 
though they remain silent. By electronically monitoring their speech apparatus, we can 
observe these subtle measures of thought. Even a person who is unable to speak can 
have thoughts monitored if that person is profi cient in sign language. Mute people who 
use sign language in communicating with others think with their fi ngers (Max, 1935). 
We can also study thinking to some extent by asking people to “think out loud” as they 
work toward the solution of a problem (Ericsson & Simon, 1993). Such “protocol analy-
sis,” as it is called, is a popular tool among some researchers.

All of the methods for studying thinking mentioned here involve verbal behavior. 
Many people would probably say that thinking also includes nonverbal activity, such 
as imagining. (However, see the discussion of thinking in Reese, 2001.) We may be 
able to defi ne imagining operationally as behaving as though an object were present 
when, in fact, it is not. For example, I can show you the fl oor plan of a house and ask 
you questions about it (“Is the master bedroom at the east end of the house or the 
west?”), and I can then remove the fl oor plan and ask questions. The degree to which 
your answers when the fl oor plan is absent are as accurate as those given when the 
plan is present could be considered a measure of imagining.

Operational defi nitions are key to the scientifi c analysis of behavior.

again to physical events. To explain behavior, we must identify the physical 
events that reliably produce it.

Because the natural science approach to behavior is very foreign to many 
students, this chapter is devoted to its application to the study of learning. We 
may as well begin with how learning is measured.2

Measuring Learning
If learning is a change in behavior, then to measure it we must measure 
changes in behavior. This can be done in many ways.

A common way of measuring learning is to look for a reduction in errors. 
A rat can be said to have learned to run a maze to the extent that it goes from 
start to fi nish without taking a wrong turn. As training progresses, the rat 
will make fewer and fewer errors (see Figure 2-1). Similarly, a student is said 
to have learned a spelling list when she can spell all the words without error. 
One way to measure progress in reading is to record the number of times the 
student stumbles over a word, with each such stumble counting as one error.
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3There is some overlap in the various measures of learning. For example, in the tracing task 
illustrated in Figure 2-2, we might count the number of times the pencil marks fall outside the 
star. If we count each such point as an error, we can measure learning as a reduction in errors 
rather than a change in topography.
4Computers are now being used to track topographical changes in three-dimensional space. For 
example, the movements of a fi sh through an aquarium can be tracked (Pear & Chan, 2001).
5I received no credit for the dog’s performance, however. My neighbors attributed the dog’s 
accomplishments entirely to its remarkable intelligence, not to my skill as a teacher. The same 
thing occurs in classrooms: When a student does well, one rarely hears a parent say, “My, what 
a good teacher you have.”

Figure 2-1 Errors as a measurement of learning. A decline in the number of errors (such 
as entering the wrong alleys of a maze) is a measure of learning. (Adapted from Tolman 
and Honzik, 1930a.)
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Learning may be measured as a change in the topography of a behavior, 
which refers to the form a behavior takes.3 (You might think of a topographic 
map, which shows the form of Earth’s surface.) Topography may be used as a 
measure of learning in mirror tracing. The task is to trace a form while look-
ing at its refl ection in a mirror. It is harder than it sounds, and at fi rst the 
 pencil line meanders wildly. With practice, however, a person can trace the 
shape rather neatly (see Figure 2-2). The change in topography is a measure of 
learning.4

We can also measure learning by noting changes in the intensity of a be-
havior. When a laboratory rat learns to press a lever, the resistance of the lever 
may be increased so that greater force is required to depress it (Slifkin & 
Brener, 1998). The increase in pressure exerted by the rat is a measure of learn-
ing (see Figure 2-3). The same sort of process occurs outside the laboratory. 
Having taught a child to sing a song, we can then teach her to sing it more 
softly. I once impressed my neighbors to no end by teaching my dog, Sunny, to 
“speak” (bark loudly) and to “whisper” (bark softly) on command.5

A change in the speed with which a behavior is performed is another mea-
sure of learning. The rat that has learned to run a maze reaches the goal faster 
than an untrained rat (see Figure 2-4). In the same way, a fi rst grader takes a 
long time to recite the alphabet at the beginning of the year but later runs 
through it with the speed of an auctioneer. Likewise, a surgeon usually gets 
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faster at operations the more he performs them. A surgeon once told me that 
when he fi rst started doing vasectomies it took him nearly an hour, but after 
having done the procedure a hundred times it took him only about ten min-
utes. (He told me this as we chatted while I was on the operating table.) As 
these examples illustrate, learning often means doing something more 
quickly. It is possible, however, to learn to perform an act more slowly. When 
children are very hungry, they are inclined to eat quickly; learning good table 
manners means learning to eat more slowly.

A similar measure of learning is a change in latency, the time that passes 
before a behavior occurs. We will see in the next chapter that a dog can be 
taught to salivate at the sound of a bell. As the training proceeds, the interval 
between the bell and the fi rst drop of saliva gets shorter; this change in la-
tency is a measure of learning (see Figure 2-5). Similarly, a student beginning 
to learn the multiplication table pauses before answering a question such as 
“How much is 5 times 7?” With practice, the pauses become shorter, and 

Trial 1 Trial 15

Figure 2-2 Topography as a measure of learning. A person attempted to trace between 
the lines of a star while looking at the fi gure’s image in a mirror. On the fi rst trial the 
participant’s performance was shaky and erratic; by trial 15, the performance was much 
improved. The change in topography is a measure of learning. (Adapted from Kingsley 
and Garry, 1962, p. 304.)
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Figure 2-3 Response intensity as a measure of learning. These frequency distributions 
show variations in the force exerted by a rat in depressing a lever. The left shows the 
distribution when all lever presses with a force of at least 21 grams produced a food pel-
let. The right shows the distribution when the requirement was raised to 38 grams. The 
increase in force exerted is a measure of learning. (After Hull, 1943, p. 305.)
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eventually the student responds without hesitation. This decrease in hesita-
tion, or latency, is a measure of learning.

Learning is often measured as a change in the rate or frequency at which 
a behavior occurs. These terms refer to the number of occurrences per unit of 
time. A pigeon may peck a disk at the rate of, say, fi ve to ten times a minute. 
The experimenter may then attempt to increase or decrease the rate of disk 
pecking. The resulting change in rate is a measure of learning. Similarly, a 
person may practice receiving Morse code by telegraph. If the rate of decoding 
(the number of letters correctly recorded per minute) increases, we say that he 
has learned (see Figure 2-6). Learning can also mean a decrease in the rate of 
behavior. A musician may learn to play the notes of a composition more 
slowly, for example.6

6Note that speed and rate are related, but not identical, measures of learning.
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Figure 2-5 Latency as a measure of learning. There is a long delay before the response 
(in this case, salivating) appears, but this latency gets shorter with more trials. (Com-
piled from data in Anrep, 1920.)
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Figure 2-4 Speed as a measure of learning. The decline in the average time it takes rats 
to run a maze indicates learning. (Adapted from Tolman and Honzik, 1930.)
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Figure 2-7 Cumulative record and response rate. In a cumulative recorder, an inked pen 
moves at right angles each time a response occurs (A), thus yielding a cumulative record 
of behavior (B). A change in the rate of behavior indicates learning.
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Figure 2-6 Rate as a measure of learning. Number of Morse code letters correctly re-
ceived. The increase in rate of decoding is a measure of learning. (Adapted from Bryan 
and Harter, 1899.)

Behavior rate has proved to be an especially useful measure of learning, 
partly because it allows us to see subtle changes in behavior. In laboratory 
studies, behavior rate was once tallied by means of an electromechanical cu-
mulative recorder. With this device, every occurrence of the behavior under 
study was recorded by the movement of an inked pen on a sheet of paper that 
moved under the pen at a steady pace.7 So long as the behavior in question did 
not occur, the pen made a straight line along the length of the paper. When the 
behavior occurred, the pen moved a short distance at a right angle to the length 
of the paper (see Figure 2-7A). The higher the rate of behavior, the more pen 
movements and the steeper the slope of the ink line; the lower the rate, the 
fl atter the line. Each point on the line indicates the total number of times the 

7The device described, and pictured in Figure 2-7, was fi rst devised by B. F. Skinner (1938). 
However, Skinner was not the fi rst to record behavior cumulatively. James Todd (personal 
communication, December 7, 2001) reports that James A. Slonaker (1912) did so decades earlier.
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behavior has occurred as of that moment, so the graph provides a cumulative 
record (see Figure 2-7B). Because the data line is cumulative, it can never fall 
below the horizontal. Today, the cumulative recorder is likely to be gathering 
dust in a storage room, replaced by computer software such as Med Associates’ 
Med-PC. The cumulative record produced by the computer is, however, essen-
tially the same as the one produced by the older electromechanical device.

 Query 1:  If the rate of a behavior is increasing, the slope of the cumulative record 

  . A fl at record indicates that the behavior is 

  .

The measures of learning discussed here are among the most commonly 
used in research, but there are others. Fluency, for example, is a combination 
of errors and rate; it is the number of correct responses per minute.8 For exam-
ple, a student who calls out the answers to single-digit addition problems 
(such as 9 + 4, 7 + 3, and 5 + 9) provided by a teacher, may call out 12 an-
swers in one minute. If 10 of those answers are correct, then his fl uency mea-
sure is 10 correct per minute. If, after instruction or practice, his fl uency rate 
is 22 correct per minute, that provides a clear measure of learning.

 REVIEW Learning can be measured as a change in number of errors, topography, inten-
sity, speed, latency, or rate of behavior. There are other ways of measuring 
learning as well. The point is that we cannot study learning unless we can 
measure it in some precise way. But there is more to studying learning than 
measuring it; there is also the problem of designing research.

Research Designs
Various sources of evidence are available to those who study learning. Each 
has strengths and weaknesses. We will begin with the simplest, most com-
mon, and perhaps least reliable: anecdotal evidence.

Anecdotal Evidence

Anecdotal evidence consists of fi rst- or secondhand reports of personal experi-
ences. Anecdotes are often identifi ed by phrases such as “In my experience . . .” 
and “I’ve found that . . .” Sometimes anecdotal evidence takes on the character 
of common wisdom: “They say that . . .”; “It’s common knowledge that . . .”; 
and “Everybody knows that . . .”

 Unfortunately, what “everybody knows” is not always correct (Spence, 
2001). Bloodletting persisted as a treatment for medical disorders for hundreds 
of years because “everybody knew” that it worked. People can point to anec-
dotal evidence to support all kinds of principles and practices, but sorting out 
which anecdotes to believe is often difficult.

8Cognitive psychologists refer to this as automaticity.
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Perhaps the best way to demonstrate the trouble with anecdotes is with 
an anecdote. I once spoke to a psychologist who complained about the school 
his daughter attended. “You won’t believe this,” he said, “but they don’t teach 
the kids how to read.” He was talking about Whole Language, a method of 
reading instruction in which students are read to and exposed to books but 
aren’t taught to decode words by sounding out the phonemes. The assumption 
is that the students will pick up decoding skills through a kind of osmosis, 
without any formal instruction. Unfortunately, the psychologist’s child, 
whom I will call Samantha, was not learning to read. I asked her father what 
he did. “We got a how-to book,” he said, “and taught her to read.”

Although Whole Language has been discredited as a way of teaching be-
ginning reading skills (Chall, 1995; Treiman, 2000), this anecdote does not 
qualify as hard evidence against it: The psychologist may have exaggerated 
his child’s failure to read; the problem may have been due to a poor teacher, 
an unnoticed illness, or some other variable besides the method of instruc-
tion. We simply cannot say from such anecdotes that Whole Language is 
ineffective.

Positive anecdotes are, of course, equally untrustworthy. Let us suppose, 
for example, that you meet a teacher who is a devoted practitioner of Whole 
Language. You ask the teacher if the method works. She replies, “Absolutely! 
I’ve seen it work. I had one student last year who picked up reading easily 
without any formal instruction at all. Her name was Samantha . . .” You see 
the problem: The teacher who “sees” an instructional method working may 
be unaware of other important variables, such as instruction in the home.

Despite its limitations, anecdotal evidence is not to be summarily dis-
missed. Anecdotes can provide useful leads, and they keep us in contact with 
“popular wisdom,” which, after all, is not always wrong. Still, better evidence 
is required for a science of learning (Spence, 2001).

Case Studies

We get a slightly better grade of data with the case study. Whereas anecdotal 
evidence consists of casual observations, a case study examines a particular 
individual in considerable detail.

The case study method is often used in medicine. A patient with a partic-
ular disease or symptom may be studied with great care as doctors attempt to 
understand his illness better. Economists also do case studies. They may 
study a company to fi nd out why it failed or succeeded. Similarly, educational 
researchers might do a detailed study of a teacher or school that gets particu-
larly good results. And case studies are often used in attempting to under-
stand abnormal behavior, such as delusions.

There are, however, serious problems with case study evidence. One 
 problem is that doing a case study takes a good deal of time. Because of this, 
generalizations are often based on a very few participants. If those few partici-
pants are not representative of the larger group, conclusions about that group 
may be in error.

Another problem is that the case study cannot answer certain questions 
about behavior. We cannot, for example, use the case study to determine 
whether falling off a ladder is likely to produce a fear of heights. We may in-
terview a person who fell off a ladder and who subsequently developed a fear 
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of heights, but this does not establish that the fall caused the fear. For years, 
many clinical psychologists and psychiatrists insisted that homosexuality 
was a neurotic disorder because their homosexual clients were all neurotic. 
Then, in the 1950s, Evelyn Hooker pointed out that the heterosexual clients 
of clinicians were also neurotic, but no one concluded that heterosexuality 
was a form of neurosis (see Chance, 1975).

Case study evidence is also fl awed in that much of the data obtained 
comes not by direct observation of the participant’s behavior, but from what 
the participant or other people report about the participant’s behavior. Such 
secondhand reports are notoriously unreliable.

When appropriate, the case study is a step above the anecdote because at 
least the data are obtained in a fairly systematic way. But a sound science of 
behavior cannot be built on the sandy soil of the case study. Better control is 
required.

 Query 2:  The chief difference between anecdotal and case study evidence is that anec-

dotal evidence is based on   , whereas 

case studies   .

Descriptive Studies

In a descriptive study, the researcher attempts to describe a group by obtain-
ing data from its members—often by conducting interviews or administering 
questionnaires. To devoted advocates of the case study, the descriptive study 
seems superfi cial. But by gathering data from many cases and analyzing the 
data statistically, the descriptive study reduces the risk that a few unrepresen-
tative participants will distort the fi ndings.

In a typical descriptive study, we might ask people (in interviews or by 
means of a questionnaire) about their fears and their childhood experiences. 
We might then compare the childhood experiences of those who have phobias 
with those who do not. Statistical analysis would then reveal whether there 
were any reliable differences between the two groups. We might fi nd, for ex-
ample, that people with phobias are no more likely to have overprotective par-
ents than people without phobias but are more likely to have had traumatic 
experiences with the feared item.

Descriptive studies represent a vast improvement over case studies, but 
they have their limitations. One is that although descriptive studies can sug-
gest hypotheses to explain a phenomenon, they cannot test those hypotheses. 
We might fi nd that phobia victims are twice as likely as others to describe 
their parents as overprotective, yet overprotective parenting may not be im-
portant in producing phobias. It could be, for example, that overprotective par-
enting is associated with some other variable, and this other variable is what 
accounts for the higher incidence of phobias. Even if we replicate a descriptive 
study and obtain the same fi ndings, we cannot be sure that the fi ndings are a 
result of the variables we have identifi ed.9 The only way to do that is to per-
form an experiment.

9Unfortunately, people often wrongly conclude from descriptive studies that differences are 
causes. For more on this, see DeGrandpre (1999).
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Experimental Studies

An experiment is a study in which a researcher manipulates one or more vari-
ables (literally, things that vary) and measures the effects of this manipula-
tion on one or more other variables. The variables the researcher manipulates 
are called independent variables; those that are allowed to vary freely are 
called dependent variables. In learning experiments, the independent variable 
is often some sort of experience (an environmental event), and the dependent 
variable is usually some kind of behavior.

There are many different kinds of experiments, but all fall into one of two 
types: between-subjects designs and within-subject designs.10

In between-subjects experiments, the researcher typically identifi es two 
or more groups of participants. (These experiments are also called between-
groups or group designs.) The independent variable is then made to differ 
across these groups. Suppose we wish to study the role of certain experiences 
on aggressive behavior. We might assign people to one of two groups and ex-
pose one of them to the experiences we think will produce aggression. The 
participants who are exposed to the aggression-inducing experience are called 
the experimental group; those who are not exposed to it are called the control 
group. (The participants need not actually appear in groups; here, the term 
group refers only to assignment to experimental or control conditions.) We 
next compare the tendency of participants in the two groups to behave in an 
aggressive manner. If the experimental participants behave more aggressively 
than the control participants, we conclude that the experiences provided may 
have been responsible.

Although experiments involving two groups are common, it is quite pos-
sible to conduct between-subjects experiments with many groups. In an ex-
periment on aggression, we might have several experimental groups each of 
which is exposed to a different kind or a different amount of aggression- 
inducing experiences. We would then compare the performance of each group 
not only with the control group but with every other experimental group (see 
Figure 2-8).

The essential element of a between-subjects design is that an independent 
variable differs across participants. Any differences in the dependent variable 
are presumed to be the result of differences in exposure to the independent 
variable.

The validity of this conclusion rests on the extent to which the partici-
pants being compared are alike. It would not do if one group were appreciably 
older than the other, for example, because any differences in the results might 
be due to differences in age rather than to the independent variable. Likewise, 
the two groups should not differ in health, gender, education, or a host of other 
variables.

 Query 3:  The essential element of a between-subjects design is that the independent 

variable varies  participants.

10The people or animals whose behavior is studied in experiments used to be referred to as 
subjects; they are now usually referred to as participants. I use the terms within-subject and 
between-subjects designs, however, because those are the terms one fi nds in the published 
literature.
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To minimize such differences, participants are usually assigned at ran-
dom to one of the groups. This may be done, for example, by fl ipping a coin: If 
the coin comes up heads, the participant goes into the experimental condi-
tion; tails, the participant is in the control group. Through such random as-
signment, any differences among the participants should be distributed more 
or less equally among the groups. However, with small groups even random 
assignment leaves open the possibility of differences among the groups, so the 
more participants in each group, the better. For this reason, between-subjects 
experiments usually include at least ten participants in each group.

Another way to reduce pretreatment differences among groups is through 
matched sampling. In matched sampling, participants with identical features 
are identifi ed. Animals may be matched for age and sex quite easily. Human 
participants can be matched for these variables, and also for IQ, educational 
level, and socioeconomic background. After participants have been matched, 
usually in pairs, one member of each pair is assigned at random to the experi-
mental group, the other to the control group.

After the results of a between-subjects experiment are in, they are usually 
submitted to statistical analysis in an attempt to estimate the likelihood that 
any differences are due to the independent variable. If they are, the results are 
said to be “statistically signifi cant.”

The alternative to the between-subjects design is the within-subject ex-
periment (Sidman, 1960/1988). (These experiments are also called single-case 
or single-subject designs.) In these experiments, a participant’s behavior is ob-
served before the experimental treatment and then during or after it. The ini-
tial period during which a participant’s behavior is observed is known as the 
baseline period because it provides a baseline for comparison. In fi gures de-
picting within-subject data, this period is usually labeled “A.” The treatment 
period follows the baseline and is labeled “B.” If the A and B periods yield dif-
ferent results (e.g., different latencies or different rates of behavior), this should 
be apparent in the data graph (see Figure 2-9).

The essential element of a within-subject design is that the independent 
variable varies within the participants. In other words, each participant is in 
the experimental “group” and in the control “group” at different times. Any 
differences in the dependent variable are presumed to be the result of differ-
ences in experiences at different times.
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Figure 2-8 Between-subjects design experiment. Data are compared from different indi-
viduals in different conditions. (Compiled from data in Rosenkrans and Hartup, 1967.)
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Because the independent variable varies within the same person or ani-
mal, concern that the results might be due to differences among participants 
is greatly reduced. However, it is possible that some extraneous variable is re-
sponsible for the results. An animal could become ill during the experiment, 
for example. This could give the illusion that the experimental treatment had 
changed the participant’s behavior when, in fact, it had not. To rule out such 
possibilities, the experimenter may return to the baseline (A) condition in 
what is known as an ABA reversal design.11 The experimenter may then rein-
state the experimental (B) condition (Figure 2-10). In a sense, the researcher 
repeats the experiment within the same study.

11Murray Sidman (1960) introduced psychologists to the reversal design several decades ago, but 
Robert Brown (2007) suggested that the very fi rst use of single-subject reversal design may date 
back to the Greek physician Galen. He used it to make a diagnosis 1,700 years ago!
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Figure 2-10 Within-subject design with reversal. A and B conditions can be repeated to 
verify the effect of the intervention. (Hypothetical data.)
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 Query 4:  The essential element of a within-subject design is that the independent vari-

able varies  participants.

Using an ABA reversal design is a little like turning a light switch on and 
off to see whether it controls a given light. By switching back and forth be-
tween A and B conditions, the researcher is able to demonstrate the extent to 
which a behavior is infl uenced by the independent variable. The data are all 
the more convincing if they are replicated with additional participants, but 
large numbers of participants are unnecessary. Statistical analysis is also not 
routinely required: You don’t need statistics to tell you that a light goes on 
and off when you throw a switch.

Although within-subject experiments and between-subjects experiments 
differ in the number of participants and in the use of statistics, these are not 
the most important differences between them. A far more important differ-
ence has to do with the way in which extraneous differences among partici-
pants are controlled. In between-subjects experiments, these differences are 
controlled chiefl y through random assignment and matching. The assump-
tion is that important differences among participants will “even out” across 
the groups. In within-subject experiments, extraneous differences among par-
ticipants are controlled by comparing participants against themselves. The 
assumption is that if the same participant is observed under experimental 
and control conditions, extraneous differences among participants are largely 
irrelevant.

Both between-subjects and within-subject experiments allow us, within 
limits, to see the effects of independent variables on dependent variables. Not 
even experimental studies are perfect, however.

Limitations of Experimental Research

The great power of the experiment comes from the control it provides over 
variables. However, this very control has led to the criticism that experiments 
create an artifi cial world from which the researcher derives an artifi cial view 
of behavior (Schwartz & Lacey, 1982).

In many learning experiments, the dependent variable is an extremely 
simple behavior: A rat presses a lever, a pigeon pecks a disk, a person presses a 
button. The independent variable is also likely to be simple: A light may go on 
or off, a few grains of food may fall into a tray, a person may receive a nickel or 
hear the word correct. The experiment may also occur in an extremely sterile, 
artifi cial environment: a small experimental chamber, for example, or (in the 
case of human participants) a room with only a table, a chair, and a box with a 
toggle switch. Some people have a hard time believing that the artifi cial world 
of the experiment can tell us anything important about behavior in natural 
environments.

To some extent the criticism is fair. Experiments do create artifi cial con-
ditions, and what we fi nd under those artifi cial conditions may not always 
correspond with what would occur under more natural conditions. But the 
control that makes the experiment seem artifi cial is necessary to isolate the 
effects of independent variables. Although we are not particularly interested 
in lever pressing, disk pecking, and button pushing, using such simple acts as 
our dependent variable allows us to better see the impact of the independent 
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variable. More complicated behavior would be more realistic but less reveal-
ing. This is because understanding lever pressing and disk pecking, per se, is 
not the researcher’s goal; understanding the effect of environment on behav-
ior is. (For more on this point, see Berkowitz and Donnerstein, 1982.)

The artifi ciality of experiments is largely the result of control. When we 
create more realistic experiments and study more complicated behavior, we 
almost inevitably lose control over important variables and produce data that 
are hard to interpret. One way around the problem is to do two kinds of ex-
periments, laboratory experiments and fi eld experiments.

Laboratory experiments offer the control that allows the researcher to de-
rive clear-cut principles. Field experiments—those done in natural settings—
allow the researcher to test laboratory-derived principles in more realistic 
ways. For instance, we might study learning in the laboratory by having rats 
run mazes and then test the principles derived in fi eld experiments of rats for-
aging in the wild. Or we might test the effects of different lecture rates on 
student learning in carefully controlled laboratory experiments and then per-
form an analogous experiment in a classroom.

Despite their limitations, experiments provide a kind of power that is not 
available through other means. Consequently, most of the evidence we will 
consider in the pages that follow will be from experimental research. Much of 
that research involves animals.12 Can we really learn about human behavior 
from experiments with rats, pigeons, and our other distant relations?

 REVIEW Learning may be studied in various ways. Anecdotal and case study evidence 
is unreliable, though a good source of hypotheses. Descriptive studies can pro-
vide useful and reliable information but cannot account for why a phenome-
non occurs. Because of these limitations, learning is usually studied by means 
of experiments; experiments allow us to see the effects of independent vari-
ables on dependent variables.

Between-subjects experiments usually involve relatively large numbers of 
participants assigned to experimental or control groups. The effects of the 
 independent variable are judged by statistical analysis. Extraneous differences 
between groups may be reduced through random assignment or by matching.

Within-subject experiments involve relatively small numbers of partici-
pants. In these experiments, the participant’s behavior is observed before and 
after some manipulation. The effects of the independent variable are judged 
by noting changes in the participant’s behavior. The experiment may be repli-
cated with the same participant in what is called an ABA reversal design.

Animal Research and Human Learning
Animals have been called “the furry and feathered test tubes of biobehavioral 
research” (Donahoe & Palmer, 1994, p. 71). Most people, including most learn-
ing researchers, are far more interested in human behavior than they are in 

12As noted in Chapter 1, I recognize that people are members of the animal kingdom. I follow 
the everyday convention of speaking of animals and people to distinguish easily between 
Homo sapiens and other species. I also do it to avoid repeatedly exposing the reader to language 
such as “human and nonhuman animals.”
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animal behavior. If the goal is to understand human learning and behavior, 
why study rats and pigeons? There are several reasons.

Reasons for Animal Research 

Experimental psychologists generally believe that animal research is essen-
tial to improving our understanding of human behavior. Richard McCarty 
(1998) writes that “many of the most important developments in psychology 
over the past century have been linked to or informed by research with ani-
mals” (p. 18). Why are animals so important?

First, animals make it possible to get control over the infl uence of hered-
ity. Because experimental animals are purchased from research supply com-
panies, their genetic histories are fairly well known. This means that genetic 
differences from one participant to another, an important source of variability 
in behavior, are substantially reduced. We cannot, of course, have breeding 
programs to produce people with uniform genetic backgrounds. Theoretically, 
researchers can reduce genetic variability in humans by studying learning in 
identical twins. But identical twins are not as identical as people think 
(Moore, 2001). Moreover, they are uncommon; relying on them for all research 
on behavior is impossible.

Second, with animals it is possible to control a participant’s learning his-
tory. Animals can be housed from birth in environments that are far less vari-
able than their natural environments, thus greatly reducing the infl uence of 
unintended learning experiences. This sort of control cannot be achieved with 
human participants. Humans, particularly adult humans, come to experi-
ments with very different learning histories.

Third, it is possible to do research with animals that, for ethical reasons, 
cannot be done with people. It might be interesting and useful to know 
whether a certain kind of experience would make people depressed or induce 
them to attack their neighbors, but doing such research with people raises se-
rious ethical problems.

Despite the obvious advantages of animals as research participants, their 
use has been criticized. It is appropriate that we consider these objections.

Objections to Animal Research

Perhaps the objection heard most often to animal research is that the results 
obtained tell us nothing about people. Critics complain, “People are not rats!” 
or “Just because pigeons behave that way, doesn’t mean that I behave that 
way. People are not just two-legged rats or fl ightless pigeons.”

Researchers are, of course, well aware of the differences among species; 
indeed, it is through animal experimentation that some of these differences 
have come to light. One needs to be cautious in generalizing research on one 
species to another. Experimental research on the effects of smoking on health 
has been done primarily with rats and mice. These studies provide clear evi-
dence that smoking is hazardous to rodents. The assumption is that if there is 
a relationship between smoking and disease in animals, there will be a simi-
lar relationship in people. But that assumption must be bolstered by other evi-
dence, such as that from descriptive studies comparing people who smoke 
with those who don’t. If such data corroborate the fi ndings of animal research 
(as they do in the case of smoking), then we can have greater confi dence in 
generalizing the animal research to humans.
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In the same way, if researchers establish that a particular kind of experi-
ence affects rat behavior in a particular way, the assumption is that human 
behavior will be affected in a similar manner. But that assumption must be 
bolstered by other evidence, such as data from descriptive or experimental 
studies with people. In most instances such evidence has corroborated the 
fi ndings of animal research.

A second objection to animal research is that it has no practical value. 
Unlike the biomedical research that uses animals to determine the health 
risks of smoking, this argument goes, animal research on behavior merely 
provides us with facts that only a theoretician could fi nd useful.

It is true that animal research is often aimed at answering theoretical 
questions, but the fi ndings of this research often have great practical value. 
Treatments for phobia, depression, self-injurious behavior, dyslexia, hyperac-
tivity, mental retardation, autism, brain damage, Tourette syndrome, and nu-
merous other disorders are directly traceable to animal research. The same 
principles have been put to good use in other areas, including child rearing 
(Azerrad & Chance, 2001; Latham, 1994, 1999), education (Chance, 2008; 
 Hopkins & Conard, 1975; Johnson & Layng, 1992), and business (Daniels, 
1994; Redmon & Dickinson, 1990).

The benefi ciaries of animal research include animals as well as people. In 
the past, the training of pets, saddle horses, farm animals, and circus animals 
relied heavily on aversives.13 Animal training is now usually done in a far 
more humane and effective manner than in the past, thanks largely to proce-
dures discovered or perfected through animal research. These same proce-
dures have resulted in improvements in veterinary care and in the quality of 
life for animals in zoos and similar facilities (Markowitz, 1982; Stewart, Ern-
stam, & Farmer-Dougan, 2001; also see Chapter 8 of this text).

A third objection to animal research is that it is intrinsically unethical. 
This “animal rights” view maintains that people have no more right to exper-
iment on rats than rats have to experiment on people. The issue is controver-
sial (Balster et al., 1992; Burdick, 1991; Miller, 1985; Pearl, 2007; Shapiro, 
1991a, 1991b) and deserves to be treated seriously.14

Ethical problems do arise in the use of animals for research, but these is-
sues also arise when animals are used for other purposes. If it is unethical to 
use animals for research, is it ethical to eat them? Do people have the right to 
conscript animals for farm work, such as hauling heavy loads and plowing 
fi elds? (In many parts of the world, people and animals alike would starve if 
such practices were forbidden.) Do equestrians have the right to ride horses 
and to force them to risk injury by jumping barriers? Hundreds of dogs have 
spent their lives assisting people who are blind, deaf, or confi ned to wheel-
chairs. Do people have the right to require animals to spend their lives this 
way? Millions of animals (dogs, cats, fi sh, snakes, frogs, turtles, birds, and 

13The expression “don’t beat a dead horse” (meaning that you shouldn’t continue to expound on 
a topic you’ve thoroughly covered) comes from the days of horse-powered transportation, when 
some people beat horses unmercifully, sometimes continuing to beat them even after they had 
died.
14The motives of animal rights activists who break into research labs, “liberating” animals and 
destroying data and equipment, must, however, be questioned. The released animals are seldom 
better off. Moreover, thousands of pets suffer at the hands of their owners, and live lobsters in 
grocery stores all over America await a cruel death; yet animal rights activists seem uninter-
ested in “liberating” these animals.
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many others) are kept as pets; by what right do people keep animals in captiv-
ity for their own amusement?15 Probably most people believe that at least 
some of these uses of animals are ethical. If they are, then why is it unethical 
to use animals in research?

Some people answer that research animals are not as well treated as those 
that serve humans in other ways. It is true that laboratory animals are some-
times confi ned to relatively small spaces. On the other hand, they are not 
beaten, teased, left to bake in a hot car, subjected to inclement weather or foul 
living quarters, denied veterinary care, or abandoned—as is often the case 
with working animals and pets. Conditions for the care of laboratory animals 
are set by various state and federal laws and by ethical review boards. Indeed, 
one assumption in interpreting data from animal research is that the animals 
have received good treatment. It is for this reason that one group of research-
ers (Balster et al., 1992) writes that “the scientifi c community goes to great 
lengths to ensure the welfare of their animals; to do otherwise is bad scien-
tifi c method” (p. 3; emphasis added).

In an effort to prevent unnecessary suffering, the American Psychological 
Association (1992) and other organizations have established guidelines for the 
conduct of animal research. These require that certain standards be met in 
the care and handling of animals. Animals may, for instance, be made to 
“work” for their food; but the amount of work is typically less than that re-
quired of animals in domestic service or living wild. The guidelines also set 
standards for the use of aversives. If a question can be answered without the 
use of aversives, they are not to be used. When aversives are deemed neces-
sary, they must be no more severe than is required by the nature of the re-
search. The use of aversives must also be justifi ed by the probable benefi ts to 
be gained from the research. Inspections by health departments and humane 
societies help to ensure that researchers meet these standards.

Some critics maintain that animal research is unethical because it is un-
necessary. They argue that computer simulations can replace animals in 
 research: We need no longer run rats through mazes or train pigeons to peck a 
disk for food, they argue; silicon animals can replace those with fur and 
feathers.

Computers can be programmed to simulate the behavior of animals in 
certain situations. A good example of this is Sniffy the Virtual Rat (Alloway 
et al., 2000). This program provides an image of a laboratory rat in an experi-
mental chamber on the computer screen. The simulated rat moves about do-
ing ratlike things: exploring its surroundings, scratching and licking itself, 
drinking water, eating food it fi nds in a food tray, and learning to press a lever. 
Sniffy is a very useful instructional tool, but it is a mistake to think that sim-
ulated animals (or people, for that matter) can replace living research partici-
pants. We cannot program a computer to simulate the effects of a variable on 
behavior until we know what those effects are. That is precisely what research 
attempts to discover.

15Some people will say that dogs enjoy human company, but this is true only if they have 
been socialized by people early in life. Dogs that do not interact with people during their fi rst 
12 weeks of life thereafter avoid human company whenever possible (Scott, 1958, 1962). When 
people socialize dogs, they are taking actions that fundamentally change the nature of the 
animals.



The Study of Learning and Behavior  53  

An illustration may clarify the point. In The Beak of the Finch, Jonathan 
Weiner (1994; see Chapter 1) describes how biologists spent hundreds of hours 
monitoring the behavior of birds in the Galapagos Islands to determine what 
effect changes in the environment, such as drought, have on physical charac-
teristics of successive generations of birds. This effort required capturing, 
banding, and measuring birds as well as observing them through binoculars. 
The researchers now know a good deal about which birds survive and repro-
duce under drought conditions and what characteristics their offspring are 
likely to display. Given this information, it is possible to write a computer pro-
gram that would simulate the effects of a drought. But writing such a program 
would not have been possible before the research had been done because no one 
knew for sure what effects drought would have on the fi nches—discovering 
that was the point of the research.

Although the work with fi nches involves physical features, the same prob-
lem emerges when the questions concern behavior. We cannot hope to write a 
software program simulating the effects of certain experiences on behavior 
until we have collected data on those effects.

The point of this discussion is not that there are no valid grounds for ob-
jecting to animal research. It is that we should keep in mind that we use ani-
mals in a variety of ways for our benefi t. Some animals serve by helping the 
blind fi nd their way, by signaling to a deaf person that a smoke detector is 
sounding, by pulling a plow through a fi eld, or by providing companionship. 
Others serve by providing answers to questions about learning and behavior 
that may improve the lives of both animals and people.

 Query 5:  This book reviews many animal experiments, but it is chiefl y about 

 learning and behavior.

 REVIEW Both humans and other animals may serve as participants for experiments on 
learning. Animals make greater control possible but leave open the  possibility 
that the results do not apply to humans. Often, basic research is done on ani-
mals, and the principles derived from this research are tested on humans in 
applied settings. Animal research raises ethical questions, but so do other 
common uses of animals. Both animal and human research help us explain 
behavior.

Explaining Behavior
One goal of behavior science is to explain behavior. There are two basic ap-
proaches to doing this. Far and away the more popular of the two approaches 
is what might be called the psychological or mentalistic approach. The men-
talistic approach is the idea that behavior originates in the mind. Environ-
mental events may trigger an idea, or the idea may appear spontaneously, but 
either way the important work goes on in the mind. The mind perceives 
events in the outside world, selectively attends to some and not others, en-
codes them, stores them away for later use, retrieves them when needed, and 
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acts on them in various ways; and, as a result of these and other machina-
tions, the animal or person acts on the environment. To explain behavior is, 
then, to explain these internal, mental events.

The psychological approach is essentially the same as the commonsense 
approach favored by philosophers, poets, scholars, and the public at large for at 
least two thousand years.

The alternative to the psychological approach to behavior is the natural 
science approach. This approach, which had its origin a little over a hundred 
years ago, maintains that behavior is a natural phenomenon and can and must 
be accounted for like any other natural phenomenon. It makes the following 
assumptions:

• All behavior is caused. Behavior doesn’t just “happen”; it is the result of 
other events. These events can and typically do include both experience 
(meaning the current and past environments) and physiological events in 
the brain and elsewhere in the body. Causality is an assumption; we can 
never prove that all behavior is caused, but the assumption is necessary to 
any science. Galileo could not assume that the speed of falling bodies de-
pended on the whim of the falling object. We must take the same approach 
to behavior.

• Causes precede their effects. When Newton concluded that every action 
has an opposite and equal reaction, he assumed that actions come before 
the reactions. This is painfully obvious in Newtonian physics and in most 
areas of science, yet when it comes to behavior, especially human behav-
ior, most people believe that the future can reach into the past to cause 
events. People commonly say that a student studies hard because he ex-
pects that by doing so he will get a good grade. The future good grade is 
assumed to cause the current studying, but this means that somehow a 
future event reaches into the past to cause behavior. Although people cer-
tainly do expect certain things to happen, those expectations cannot ex-
plain behavior; they are just more behavior that needs to be explained. To 
explain why a student studies, we might ask, for example, what experi-
ences led to expectations about the value of studying hard. 

  It is worth noting that if causes must precede their effects, then 
thoughts must precede actions if traditional psychological explanations of 
behavior are to hold. Unfortunately for mentalism, there is evidence that 
at least some thoughts follow acts (Obhi & Haggard, 2004). That is, we 
throw the light switch and then think of doing so, or we answer yes to a 
question and then think of saying yes. The interval between act and 
thought is typically very short; nevertheless, when a thought follows an 
act, it cannot be said to have caused it.

• The causes of behavior, like the causes of other natural events, include 
only natural phenomena. God, the soul, the mind, and mysterious, hypo-
thetical “mental events” have no place in scientifi c explanation. These 
are subjects for philosophers and theologians.

  A person may pay attention to something, but we do not explain that 
attention by attributing it to attentional processes. A person may think 
“out of the box,” but we do not explain his or her creativity by attributing 
it to divergent thinking. A child may learn a language quickly, but we do 
not account for this facility by attributing it to a hypothetical “language 
acquisition device” (Palmer, 2003).
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• The simplest explanation that fi ts the data is best. This is just a restate-
ment of the law of parsimony, a fundamental tenet of all natural sciences. 
If gravitational force can be accounted for fully by a mathematical expres-
sion relating the mass of objects to the distance between them, that is 
sufficient. It is neither necessary nor helpful to bring in other variables, 
real or imagined, that add nothing to our ability to account for an event. If 
a change in behavior can be accounted by physical environmental events, 
then there is nothing to be gained by speculations about “mental” struc-
tures and processes.

Those who take the natural science approach to behavior generally fall 
into one of two camps. One camp is interested in the effects that experience 
have on behavior; the other is interested in the physiological (especially neu-
rophysiological) mechanisms involved in behavior. Both endeavors are essen-
tial to a complete understanding of behavior. No one who studies the effects 
of experience denies that the brain or other aspects of physiology are impor-
tant, though they have often been accused of doing so (Morris et al, 2004). 
Similarly, no one who studies the brain denies that experience plays its part, 
even shaping the brain (Begley, 2007). This is a text about learning, so our fo-
cus is on the role of experience in changing behavior, but this does not mean 
that the study of neuroscience is a waste of time. It means only that it is the 
subject for another text.

Some people claim that the natural science approach to behavior can ex-
plain only trivial forms of behavior, such as refl exes and simple, well-worn 
habits. Complex behavior, they suggest, begins in a mysterious, unknowable 
mind. Science can never truly account for things like fear, insight, creativity, 
language, self-control, self-awareness, superstition, and delusions. We will ex-
amine these and other instances of complex behavior later, and you must 
judge for yourself whether the natural science approach provides plausible ex-
planations. In doing so, keep in mind the famous words of the German phi-
losopher Arthur Schopenhauer: “All truth passes through three stages. First, 
it is ridiculed. Second, it is violently opposed. Third, it is accepted as being 
self-evident.”

 REVIEW A major theme of this text is that all behavior, including all human behavior, 
can be viewed as a natural phenomenon subject to study with the methods of 
natural science. This means nothing less than that we can account for behav-
ior with empirically derived principles and without recourse to vague hypo-
thetical mental processes. This does not mean that all complex behaviors 
have been satisfactorily analyzed in terms of learning principles. But consid-
erable progress has been made toward this goal. It is for you to decide whether 
the successes thus far achieved justify the abandonment of the mentalistic 
approach that is second nature to nearly everyone.

RECOMMENDED READING

 1. Bachrach, A. J. (1962). Psychological research: An introduction. New York: 
Random House.
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  A highly readable little book on research methods, this provides an insid-
er’s view of behavioral research and should be required reading for all psy-
chology majors.

 2. Eysenck, H. J. (1965). Fact and fi ction in psychology. Baltimore, MD: 
Penguin.

  See especially Chapter 3, “Little Hans or Little Albert?” a comparison of 
case study and experimental approaches.

 3. Fernald, D. (1984). The Hans legacy: A story of science. Hillsdale, NJ: 
Erlbaum.

  This is a very readable account of the case of Clever Hans, a horse known 
far and wide for his great intelligence, and of the effort of scientists to de-
termine if Hans was as smart as he seemed.

 4. Shapin, S. (November 6, 2006). Sick City. The New Yorker, 110–115.
  This short history of the efforts of Dr. John Snow identifi es the means by 

which cholera spread in the epidemics of 19th-century London. This is far 
afi eld from learning, but it illustrates the effectiveness of the natural sci-
ence approach and shows how it contrasts with so-called commonsense 
analysis.

 5. Shermer, M. (June, 2002). The shamans of scientism. Scientifi c American, 
p. 35.

  Michael Shermer could be called a professional skeptic. He is the editor of 
Skeptic magazine and author of a column for Scientifi c American in 
which he regularly ponders the line between science and pseudoscience. 
This article advocates scientism, “a worldview that encompasses natural 
explanations for all phenomena.”

REVIEW QUESTIONS

 1. Defi ne the following terms in your own words. Give an example or illus-
tration of each that is not provided in the text.

ABA reversal design dependent variable
anecdotal evidence descriptive study
baseline period experiment
between-subjects experiment experimental group
case study independent variable
control group matched sampling
cumulative record operational defi nition
cumulative recorder within-subject experiment

 2. A muscle on your hand twitches involuntarily. Is the muscle twitch be-
havior, or is it physiology?

 3. What are the principal similarities between within-subject and between-
subjects designs?

 4. When would it not be possible to use an ABA design in the study of 
behavior?

 5. We humans see only a small part of the spectrum of light waves. Do light 
waves that fall outside of our detectable range qualify as stimuli?
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 6. Give an example of human learning measured as a decrease in the inten-
sity of a behavior.

 7. How could you quantify the changes in topography associated with learn-
ing to speak a foreign language?

 8. A researcher studies maze learning in rats by running 50 rats through a 
maze, one at a time. He does this ten times. Then he computes the aver-
age time for all rats on each run and plots this on a graph. What sort of 
study is this?

 9. Some people dismiss research evidence by saying, “Oh, you can prove 
anything with research.” How would you reply to this comment?

 10. Explain how the rate of behavior is refl ected on a cumulative record.

 11. What is the chief virtue of matched sampling?

 12. In what kind of experiment is statistical analysis least likely to be 
necessary?

 13. Why is it a mistake to say that behavior occurs because of what a person 
expects to happen?

14. The natural science approach assumes that all behavior is caused. Why is 
this assumption necessary?

 15. A researcher has 20 rats in a large cage, and he wants to assign them to 
two groups. He puts the fi rst rat he catches in the experimental group, the 
second into the control group, and so on. Why is this bad science?

 16. You are studying cocaine addiction in rats. An animal rights activist ac-
cuses you of animal cruelty. How can you defend your work?

 17. You are attempting to discover learning principles by studying the effects 
of experience on the eye blink. A friend says that eye blinking is a trivial 
kind of behavior, not worth studying. Defend your work.

 18. A teacher says that learning research relies too much on animal studies 
and adds, “You can’t tell anything about people from research on rats.” 
How could you defend “rat psychology” against this criticism?

 19. Some researchers argue that learning is a change in the brain produced by 
experience. Discuss the virtues and weaknesses of this defi nition.

 20. Why is random assignment of participants unnecessary in experiments 
with a within-subject design?

PRACTICE QUIZ

 1. This book takes the  science approach to behavior, the 
approach that focuses on identifying physical events that affect behavior.

 2. One reason that many learning studies use animals is that with animals 
it is possible to control   .

 3. In a(n)  defi nition, a behavior is defi ned by the proce-
dure used to measure it.
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 4. Thomas Huxley wrote, “My business is to teach my aspirations to con-
form themselves to , not to try and make 

 harmonize with my aspirations.”

 5. The kind of experiment that can be likened to turning a light switch on 
and off is a(n)  design.

 6.  design experiments assume that there are no impor-
tant differences among participants.

 7. A change in  involves a change in the form a behavior 
takes.

 8. Fluency combines number correct and   .

 9. If there is a reduction in the time that passes before a behavior occurs, we 
say that learning is measured in terms of   .

 10. The cumulative recorder is used to measure learning as a change in the 
 of behavior.

QUERY ANSWERS

Query 1. If the rate of a behavior is increasing, the slope of the cumulative 
record rises/goes up. A fl at record indicates that the behavior is not occurring.

Query 2. The chief difference between anecdotal and case study evidence is 
that anecdotal evidence is based on casual observation, whereas case studies 
examine an individual in detail.

Query 3. The essential element of a between-subjects design is that the inde-
pendent variable varies across participants.

Query 4. The essential element of a within-subject design is that the inde-
pendent variable varies within participants.

Query 5. This book reviews many animal experiments, but it is chiefl y about 
human learning and behavior.

Workbook Chapter 2 includes:

• Practice in defi ning terms operationally
• Exercises in identifying different measures of learning
• Problems on different kinds of research designs
• Some information to help you think about the ethics of animal research
• An exercise on the uses and limitations of simulations

Active Learning
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C H A P T E R

3
BEFORE YOU BEGIN . . .

IN THIS CHAPTER . . .

Pavlovian Conditioning

Who was Ivan Pavlov, and how did he discover conditioning?

Is training a dog to salivate at the sound of a bell a big deal?

Can glands learn?

What is the basic procedure for producing conditioning?

How could you make a conditioning effort fail?

What happens to conditioning when you stop training?

Why does conditioning occur?

box: Ivan Pavlov: An Experimenter from Head to Foot

Basic Procedures

box: What’s What in Pavlovian Conditioning?

Higher-Order Conditioning

Measuring Pavlovian Learning

Variables Affecting Pavlovian Conditioning

box: Pavlovian Flowchart

Extinction of Conditional Responses

box: Edwin B. Twitmyer and What Might Have Been

Theories of Conditioning

box: Conditioning and Awareness

Recommended Reading

Review Questions

Practice Quiz

Query Answers
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The normal animal must respond not only to stimuli which themselves bring 

immediate benefi t or harm, but also to [those that] only signal the approach 

of these stimuli; though it is not the sight and sound of the beast of prey 

which is in itself harmful . . . but its teeth and claws.

Ivan Pavlov

Around the end of the 19th century, a Russian physiologist reached a 
turning point in his career. He had spent several years doing research 
on the physiology of digestion, work that would one day win him a No-

bel Prize. But at middle age, still relatively unknown, he wrestled with one of 
the most difficult decisions of his career: Should he continue his present line 
of work or take up a new problem, one that might lead nowhere and that some 
of his colleagues might regard as an unfi t subject for a respectable scientist? 
The safe thing to do, the easy thing to do, would have been to continue the 
work he had started. But if he had, psychology would have suffered an immea-
surable loss, and the chances are that neither you nor I would ever have heard 
of Ivan Petrovich Pavlov.

Pavlov started his career with research on the circulatory system and then 
moved on to the physiology of digestion. He developed special surgical proce-
dures that enabled him to study the digestive processes of animals over long 
periods of time by redirecting an animal’s digestive fl uids outside the body, 
where they could be measured. He used this technique to study the salivary 
glands, stomach, liver, pancreas, and parts of the intestine. In the case of the 
salivary glands, the procedure was a relatively simple operation. The salivary 
duct of a dog was detached from its usual place inside the mouth and directed 
through an incision in the cheek. When the dog salivated, the saliva would 
fl ow through the duct and be collected in a small glass tube. With animals 
prepared in this way, Pavlov could make precise observations of the actions of 
the glands under various conditions (see Figure 3-1).

Figure 3-1 Surgical preparation for studying the salivary refl ex. When the dog salivated, 
the saliva would collect in a glass tube attached to the dog’s cheek. This way the strength 
of the salivary response could be precisely measured.
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One of Pavlov’s goals was to understand how the body breaks food down 
into chemicals that can be absorbed into the blood. This process starts with the 
salivary refl ex: When food is taken into the mouth, it triggers the fl ow of saliva. 
The saliva dilutes the food and produces substances that start breaking it down 
chemically. In a typical experiment on the salivary refl ex, Pavlov would bring a 
dog into the laboratory, put food into its mouth, and observe the result.1

George Bernard Shaw said he was the biggest fool he knew. H. G. Wells thought he 
was one of the greatest geniuses of all time. But Ivan Pavlov described himself as “an 
experimenter from head to foot” (in Wells, 1956).

Of the three characterizations, Pavlov’s was probably the most accurate. His dis-
coveries were much more important, and much less commonsensical, than Shaw be-
lieved, but they also failed to bring the utopia that Wells anticipated. There is, however, 
no denying that Pavlov was a brilliant experimenter, a zealot fi ercely committed to 
science.

Pavlov was born in Ryazan, a small peasant village in Russia, in September 1849, a 
decade before the publication of Darwin’s On the Origin of Species. His father was a 
poor priest who had to keep a garden to ensure that his family would eat.

As a boy, Pavlov showed little promise of later greatness. His academic perfor-
mance was mediocre, and probably few people in his village expected him to become 
a famous scientist—or a famous anything else, for that matter. He grew up to be slim, 
agile, athletic, and incredibly energetic, with blue eyes, curly hair, a long beard, and 
the fi re of genius.

As Professor Pavlov, he was sometimes an impatient, stubborn, and eccentric man 
who waved his hands excitedly when he spoke. If one of his assistants botched an ex-
periment, he might explode in anger; half an hour later, he would have forgotten all 
about it. But of all the things that one might say about Pavlov, surely the most impor-
tant is this: He was an experimenter. Nothing was so important, nothing so precious, 
as his experiments. “Remember,” he once wrote, “science requires your whole life. 
And even if you had two lives they would not be enough. Science demands . . . the ut-
most effort and supreme passion” (in Cuny, 1962, p. 160).

Pavlov’s passion for science stayed with him throughout his long life. Age slowed 
him, of course, but not the way it slows most of us. Ever the experimenter, he observed 
the toll that time had taken and noted it with objective interest. On his deathbed, he 
was the observer, as well as the subject, of a fi nal experiment. As life slowly left him, 
he described his sensations to a neuropathologist so that these data might be recorded 
for the benefi t of science. Somehow he kept this up almost until the end. One report of 
Pavlov’s death (in Gantt, 1941) relates that in those last moments he slept a bit, then 
awoke, raised himself on his elbows, and said, “It is time to get up! Help me, I must get 
dressed!”

The effort was understandable. He had been away from his laboratory, from his 
science, for nearly six whole days.

Ivan Pavlov: An Experimenter from Head to Foot

1More often than not it was one of Pavlov’s many research assistants, not Pavlov himself, who 
actually conducted the experiments. Pavlov seems to have run the lab in much the same way 
inventor Thomas Edison ran his lab in New Jersey.
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Pavlov was fascinated by the adaptability of the glands. He found, for in-
stance, that if he gave a dog dry, hard food, there was a heavy fl ow of saliva; if 
he gave the animal watery food, there was very little saliva. And if he put an 
inedible substance into the dog’s mouth, the amount of saliva depended on 
the amount needed to eject the substance: A marble evoked very little saliva, 
while sand resulted in a large supply. So the refl ex action of the gland  depended 
on the nature of the stimulus. Each time, the gland responded according to 
the need. “It is as if,” said Pavlov, “the glands possessed a ‘kind of intelli-
gence’ ” (quoted in Cuny, 1962, p. 26).

The cleverness of the glands did not end there, however. When an animal 
had been fed a number of times, it began to salivate before anything was put 
into its mouth. In fact, it might start salivating as soon as it entered the labo-
ratory. Pavlov, like others of his day, assumed that these “psychic secretions” 
were caused by the thoughts, memories, or wishes of the animal. The ancient 
Greeks had noticed that merely talking about food often made a person’s 
mouth water. What fascinated Pavlov was that the dogs did not salivate when 
they were fi rst brought into the laboratory, but only after they had been fed 
there repeatedly. How could this be? How could experience alter the action of 
a gland?

This question preoccupied Pavlov to the point of making him shift his 
 attention to psychic refl exes. It was not an easy decision. It was extremely im-
portant to Pavlov that he retain his identity as a physiologist. If psychic 
 refl exes really were the products of the mind, then they were not fi t subjects 
for a physiologist. On the other hand, if psychic refl exes involved glands, then 
why should a physiologist not study them? Pavlov argued with himself along 
these lines, back and forth; fi nally, he could no longer resist the challenge. He 
had to understand these psychic refl exes.

Basic Procedures2

Pavlov began by observing: “I started to record all the external stimuli falling 
on the animal at the time its refl ex reaction was manifested . . . at the same 
time recording all changes in the reaction of the animal” (1927, p. 6).3 At fi rst, 
the only reaction was the ordinary salivary refl ex: When an experimenter put 
food into a dog’s mouth, it salivated. But after a while, the animal would sali-
vate before receiving food. By observing the “external stimuli falling on the 
animal,” Pavlov was able to see what triggered these psychic secretions (see 
Figure 3-2). He noticed, for instance, that the sight or smell of food would 
cause the dog to salivate. “Even the vessel from which the food has been given 
is sufficient . . . and, further, the secretions may be provoked even by the sight 
of the person who brought the vessel, or by the sound of his footsteps” (p. 13).

2When learning experiences are provided by an experimenter, they are often referred to as 
procedures. But keep in mind that these procedures are not just laboratory exercises: They 
usually mimic, at least in their basic forms, experiences that occur spontaneously in the natu-
ral environment.
3Unless otherwise noted, all references to Pavlov refer to Conditioned Refl exes, fi rst published 
in English in 1927. A Dover Press reprint is available.
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There are, Pavlov concluded, two distinct kinds of refl exes. One kind is the 
largely inborn and usually permanent refl ex that is found in virtually all mem-
bers of a species and that varies little from individual to individual. The dog 
that salivates when food is put into its mouth manifests this type of refl ex. Pav-
lov called these unconditional refl exes because they occur more or less 
unconditionally.

The second type of refl ex is not present at birth; it must be acquired 
through experience and is relatively impermanent. Because these psychic re-
fl exes depend on experience, they vary considerably from individual to indi-
vidual. The dog that salivates to the sound of a particular person’s footsteps 
manifests this type of refl ex. Pavlov called these conditional refl exes because 
they “actually do depend on very many conditions” (p. 25).

Pavlov admitted that other terms would have served as well: Uncondi-
tional refl exes might have been referred to as inborn, unlearned, or species 
 refl exes; conditional refl exes could have been called acquired, learned, or indi-
vidual refl exes. But the terms conditional and unconditional caught on and 
are still used today.4

An unconditional refl ex consists of an unconditional stimulus (US) and 
the behavior that it evokes, the unconditional response (UR). Unconditional 
stimuli are typically events that are important to survival. For example, Karin 
Wallace and Jeffrey Rosen (2000) demonstrated that rats show a strong uncon-
ditional fear response to an odorous chemical derived from fox feces. As the 
authors note, “In the wild, when a rat is attacked by a predator, it is usually . . . 
too late for defensive maneuvers” (p. 912). Thus the rat that has an innate ten-
dency to freeze or run away when it detects odors associated with its enemies 
has a better chance of avoiding those enemies.

Figure 3-2 Pavlov’s conditioning stand. Once a dog was strapped into a stand as shown, 
an experimenter could begin testing the effects of various stimuli on the salivary re-
sponse. Saliva could be collected in a glass tube at the fi stula (as shown in Figure 3-1), or 
it could be directed by a tube to a graduated vial. In addition, a cumulative record of the 
amount of saliva could be obtained from the movements of a needle on a revolving 
drum. See Pavlov, 1927, pp. 18–19. (From Yerkes and Morgulis, 1909.)

4Most authors and instructors use the terms conditioned and unconditioned. The words condi-
tional and unconditional are, however, closer to Pavlov’s meaning (Gantt, 1966; Thorndike, 
1931/1968), so these terms are used here.
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Meat powder is an unconditional stimulus that reliably evokes the uncon-
ditional response of salivation:

 US  UR 
 meat powder  salivation

A conditional refl ex consists of a conditional stimulus (CS) and the behav-
ior it reliably evokes, the conditional response (CR). When the sight of a food 
dish regularly evokes salivation, the food dish is a CS and salivating is a CR:

 CS  CR 
food dish  salivation

Pavlov’s next question was, How does a neutral stimulus (one that does 
not naturally evoke a refl ex response) come to do so? How, for example, does a 
food dish become a CS for salivating?

Pavlov had noticed that stimuli associated with food, such as the food 
dish and the handler who fed the dog, became conditional stimuli for salivat-
ing. He began conducting experiments to understand better how this associa-
tion led to salivating.

 Query 1: Pavlov identifi ed two kinds of refl exes,  and 

  .

In some experiments, Pavlov paired food with the sound of a metronome. 
At fi rst, the ticking had no effect on salivation; but after the sound of the met-
ronome had been repeatedly paired with food, the ticking began to elicit the 
salivating. Pavlov found that virtually any stimulus could become a condi-
tional stimulus if it were regularly paired with an unconditional stimulus.

An example will illustrate the point. If you were to clap your hands near a 
dog, it might respond in a number of ways, but salivating is not likely to be 
one of them. As far as the salivary refl ex is concerned, clapping is a neutral 
stimulus. Now suppose you clapped your hands and immediately put bread 
crumbs into the dog’s mouth:

 CS  US  UR
 clap  bread  salivate

If you were to repeat this procedure several times, the dog might begin 
salivating when you clapped your hands:

 CS  CR
clap     salivate

Each pairing of CS and US is one trial, and the procedure is known as Pav-
lovian or classical conditioning.5

It is important to note two things about Pavlovian conditioning. First, the 
presentation of the two stimuli is independent of behavior; the CS and the US 
are presented regardless of what the individual does. Second, the behavior 

5Technically, the stimulus that is paired with the US is not a CS until it is capable of eliciting a 
CR. However, because it isn’t easy to say when the transition from neutral stimulus to CS 
occurs, it is customary to refer to the stimulus as a CS from its fi rst pairing with a US.
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involved is a refl ex response, such as salivating, blinking an eye, sweating, or 
jumping in response to a loud noise.

It seems clear that the ability to develop conditional refl exes would give 
any animal a much improved chance of surviving in a changing world. As 
Pavlov suggested, a deer that reacts with fear to the sight, sound, and odor of a 
tiger is more likely to live long enough to pass on its genes than one that re-
sponds only to the feel of the tiger’s teeth in its neck. The same thing is true, 
of course, for another of the tiger’s prey, Homo sapiens.

One can never be sure when a tiger or another predator may come along, so 
Pavlovian conditioning would also be useful if it helped prepare for mating. 
There is evidence that it does. In male rats, sexual arousal is indicated by an in-
crease in certain hormone levels in the blood. This increase is a refl ex response 
to the presence of odorous chemicals, called pheromones, emitted by sexually 
receptive female rats. Physiologists J. M. Graham and Claude Desjardins (1980) 
exposed male rats to the vapors of wintergreen, an odorous chemical, just be-
fore exposing them to a sexually receptive female rat. Thus, the researchers 
paired two odorous stimuli, one of which was a US for the release of hormones. 
After pairing the two stimuli each day for 14 days, the researchers presented 
the CS alone. They found that the blood levels of sex-related hormones were 
now as high when the rats were exposed to wintergreen as they had been when 
they were exposed to the female rats.

Anything that prepares a male rat for copulation before a receptive female 
appears may reduce the time required for mating. That, in turn, may reduce 
the chances of copulation being interrupted by a hungry, not to mention rude, 
predator. The rat’s response to pheromones may have evolved precisely be-
cause it has these effects. A rat that can learn to respond to stimuli associated 
with pheromones may be even better off when it comes to passing on its genes. 
Whether such conditioning plays a similar role in human reproduction is less 
clear.

Students sometimes have diffi culty identifying the components of a conditioning pro-
cedure (the CS, US, CR, and UR), especially when given an unfamiliar example of con-
ditioning. The following questions (adapted from Hummel, Abercrombie, & Koepsel, 
1991) may help you identify the elements of any conditioning procedure:

 1. What reflex response occurs before conditioning?

  _________________. This is the UR.

 2. What stimulus elicits the UR before conditioning?

  _________________. This is the US.

 3. What reflex response occurs as a result of conditioning?

  _________________. This is the CR.

 4. What stimulus elicits the CR?

  _________________. This is the CS.

What’s What in Pavlovian Conditioning?
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 REVIEW Pavlov showed that there are two kinds of refl exes, unconditional and conditional. 
An unconditional refl ex consists of an unconditional stimulus and an uncon-
ditional response; a conditional refl ex consists of a conditional stimulus and a 
conditional response. Unconditional refl exes are largely innate; conditional re-
fl exes are acquired. The procedure by which a conditional response is estab-
lished is called Pavlovian, classical, or respondent conditioning. There are two 
critical features of Pavlovian conditioning: The CS–US pairing occurs regard-
less of what the individual does; the behavior involved is a refl ex response.

The basic conditioning procedure appears to be important to survival. 
However, a variation of this procedure greatly extends the importance of con-
ditioning, especially for humans. This variation is called higher-order 
conditioning.

Higher-Order Conditioning
The basic Pavlovian procedure, as you have seen, consists of pairing a neutral 
stimulus with an unconditional stimulus. Conditioning can occur, however, 
without a US. If a neutral stimulus is paired with a well-established CS, the 
effect is much the same as if the stimulus had been paired with a US. This 
was demonstrated in Pavlov’s laboratory by G. P. Frolov.

Frolov trained a dog to salivate at the sound of a ticking metronome by 
pairing the metronome and food. When the metronome was well established 
as a CS for salivating, Frolov paired it with another stimulus, the sight of a 
black square. He held up the black square and activated the metronome:

 CS2  CS1  CR
 black square  metronome  salivation

At fi rst, the dog salivated at the sound of the metronome but not at the 
sight of the black square. After several pairings of the two stimuli, however, 
the dog began salivating when it saw the square. The black square had be-
come a CS for salivating even though it had never been paired with food:

 CS  CR
 black square  salivation

The procedure of pairing a neutral stimulus with a well-established CS is 
called higher-order conditioning.

Higher-order conditioning greatly increases the importance of Pavlovian 
conditioning because it means that many more stimuli can come to elicit 
conditional responses. By way of example, we may take the Graham and 
 Desjardins (1980) study described earlier. These researchers demonstrated that 
a male rat that responds to a sexually receptive female by increasing the level 
of certain hormones will respond in a similar manner to an odor that has 
been paired with a receptive female. Thanks to higher-order conditioning, a 
new stimulus may now become a CS by being paired with the odor, without 
its ever being paired with a receptive female. It is easy to see how this might 
give the rat a reproductive advantage in the wild: The rat that responds to a 
stimulus associated with the odor of a receptive female has an advantage over 
the rat that responds only to the odor itself.
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Higher-order conditioning is probably far more important to human adap-
tation than to that of rats. Among people, words are particularly likely to be-
come conditional stimuli by being paired with conditional stimuli—including 
other words. In one classic experiment, Carolyn and Arthur Staats (1957) asked 
college students to look at nonsense syllables such as YOF, LAJ, and QUG as 
they were fl ashed on a screen. At the same time, the students repeated words 
spoken by the experimenters. For some students, the experimenters paired the 
syllable YOF with positive words such as beauty, gift, and win, and the syllable 
XEH with negative words such as thief, sad, and enemy. For other students, the 
associations were reversed: XEH was paired with positive words, YOF with 
negative ones. (Notice that no US was ever presented.) After this, the students 
rated each nonsense syllable on a seven-point scale ranging from unpleasant to 
pleasant. The results indicated that the nonsense syllables came to elicit emo-
tional responses similar to the emotional value of the words with which they 
had been paired. When a nonsense syllable was regularly associated with pleas-
ant words, it became pleasant; when it was paired with unpleasant words, it 
 became unpleasant. In other words, YOF came to elicit good feelings in some 
students and bad feelings in others, depending on the words with which it was 
paired. Higher-order conditioning appears, then, to play an important role in 
the emotional meaning of words.

 Query 2: In higher-order conditioning, a neutral stimulus is paired with a well- 

established  stimulus.

 REVIEW In most conditioning experiments, a neutral stimulus is paired with a US, such 
as food. In higher-order conditioning, a neutral stimulus is paired with a well-
established CS. This procedure is generally less effective in establishing a CR 
than CS–US pairings, but it is probably very important in the lives of hu-
mans. Many of our emotional reactions (our likes, dislikes, fears, and loves, 
for example) appear to be acquired at least partly through higher-order 
conditioning.
 Pavlovian procedures are very effective in producing conditional re-
sponses. Measuring the course of conditioning is, however, more difficult 
than it might appear.

Measuring Pavlovian Learning
In most studies of Pavlovian conditioning, the CS and US are presented close 
together. Because the US is by defi nition capable of evoking the UR, how is it 
possible to tell when learning has occurred? Suppose, for example, that you 
sound a tone and then, 2 seconds after the tone stops, you put food into a dog’s 
mouth. How can you tell when the dog is salivating to the tone as well as to 
the food?

One answer is to note when salivation begins. If the dog begins salivating 
after the CS begins but before the presentation of the US, conditioning has oc-
curred. In this case, the amount of learning can be measured in terms of the 
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latency of the response—the interval between the onset of the CS and the 
fi rst appearance of saliva. As the number of CS–US pairings increases, the re-
sponse latency diminishes; the dog may begin salivating even before the tone 
has stopped sounding.

In some conditioning studies, the interval between CS onset and the ap-
pearance of the US is so short that using response latency as a measure of 
learning is very difficult. One way to test for conditioning in these situations 
is to use test trials.6 This involves presenting the CS alone (i.e., without the 
US) every now and then, perhaps on every fi fth trial. If the dog salivates even 
when it gets no food, the salivation is clearly a conditional response to the 
tone. Sometimes, test trials are presented at random intervals, with the condi-
tional stimulus presented alone perhaps on the third trial, then on the sev-
enth, the twelfth, the thirteenth, the twentieth, and so on (Rescorla, 1967; but 
see Gormezano, 2000). When test trials are used, the number of CRs in a block 
of, say, ten test trials is plotted on a curve. Learning is thus represented as an 
increase in the frequency of the conditional response.

Another way to measure Pavlovian learning is to measure the intensity or 
strength (sometimes called amplitude) of the CR. Pavlov found that the fi rst 
CRs were apt to be very weak—a drop or two of saliva. But with repeated tri-
als, the saliva fl ow in response to the CS increased rapidly. The increase in the 
number of drops of saliva is a measure of learning.

One problem in attempting to measure Pavlovian learning is a phenome-
non known as pseudoconditioning (Grether, 1938). Pseudoconditioning is the 
tendency of a neutral stimulus to elicit a CR after a US has elicited a refl ex re-
sponse. For example, suppose a nurse coughs just as he gives you a painful in-
jection. When you receive the injection, you wince. Now suppose that after 
the injection, the nurse coughs again. Very likely you will wince again, just as 
you did when you received the injection. You might think conditioning has 
occurred—the cough appears to have become a conditional stimulus for winc-
ing. But you might be mistaken. A strong stimulus, such as a needle jab, can 
sensitize you to other stimuli so that you react to them more or less as you 
would react to the strong stimulus. If a nurse jabs you with a needle, you may 
then wince when he coughs, even if he did not cough before jabbing you. You 
wince, not because conditioning has occurred, but because the needle jab 
has sensitized you to other stimuli. (See the discussion of sensitization in 
Chapter 1.)

Obviously, if a stimulus has not been paired with a US, any effect it pro-
duces cannot be a result of conditioning. A problem arises, however, when a 
stimulus has been paired with a strong US. Is the behavior that occurs a con-
ditional response, or is it the result of the earlier exposure to a strong stimu-
lus? The answer can be determined by presenting the CS and US to control 
group subjects in a random manner so that the stimuli sometimes appear 
alone and sometimes appear together (Rescorla, 1967; but see also Rescorla, 
1972). The performance of these control subjects is then compared with ex-
perimental subjects for which the CS and US always (or at least usually) ap-
pear together. If subjects in the experimental group perform differently from 
subjects in the control group, the difference in behavior may be attributed to 
conditioning.

6Test trials are also called probe trials.
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 REVIEW Various techniques are used to measure the effectiveness of Pavlovian proce-
dures. One method is to continue pairing CS and US and observe whether the 
refl ex response occurs before the presentation of the US. Another technique is 
to present the CS alone on certain trials and see whether a CR occurs. In test-
ing for learning, it is important to control for the phenomenon of pseudocondi-
tioning, in which a stimulus may elicit a CR even though it has not become an 
effective CS. The difficulty of measuring Pavlovian learning is one thing that 
complicates its study; another is that it is sensitive to a number of variables.

Variables Affecting Pavlovian Conditioning
The course of Pavlovian conditioning depends on a number of variables. Per-
haps the most important of these is the manner in which the conditional and 
unconditional stimuli are paired.

Pairing CS and US

Pavlovian conditioning involves the pairing of stimuli. The amount of learn-
ing that occurs depends to a large extent on the way stimuli are associated. 
There are four basic ways of pairing stimuli (see Figure 3-3).

In trace conditioning, the CS begins and ends before the US is presented. 
In the laboratory, trace conditioning may be used to study eyelid conditioning 
in people. Typically, a buzzer sounds for, say, 5 seconds, and then, perhaps a 
half second later, a puff of air is blown into the person’s eye, causing him to 
blink. After several such pairings of the buzzer and air, the person blinks at 
the sound of the buzzer.7

Trace conditioning also occurs outside the laboratory: We see the fl ash of 
lightning and, an instant later, we hear the crash of thunder; we hear the dog 
growl and then feel its teeth; the mother sings to her baby before offering the 
nipple. The identifying feature of trace conditioning is that the CS begins and 
ends before the US appears.

 Query 3: In trace conditioning, the  begins and ends before the 

 appears.

In delayed conditioning, the CS and US overlap. That is, the US appears 
before the CS has disappeared. To apply the delayed procedure to eyelid condi-
tioning, we might sound a buzzer for fi ve seconds and, sometime during the 
last two seconds that the buzzer is sounding, we might send a puff of air into 
the person’s eye.

Like trace conditioning, delayed conditioning often occurs outside the lab-
oratory: We often hear the thunder before the lightning has faded from view; 
the dog may continue to growl even as it bites; the mother may continue to sing 
softly as she nurses her baby. As in trace conditioning, the CS appears before 
the US; the difference is that in the delayed procedure the CS and US overlap.

7The procedure is called trace conditioning because early researchers assumed that the CS left 
some sort of trace of itself in the brain after it had ended.
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Some researchers distinguish between short-delay and long-delay proce-
dures. The difference refers to the length of time the CS is present before the 
US appears. In the short-delay procedure, the CS may be present from a few 
milliseconds (a millisecond is 0.001 second) to a few seconds before the US 
appears. For instance, a light may come on a tenth of a second before an elec-
tric current is applied to the grid fl oor of a rat’s experimental chamber. In the 
long-delay procedure, the CS may persist for several seconds or minutes be-
fore the US appears. A light may come on and remain on for fi ve minutes be-
fore an electric current is applied to the chamber fl oor.

Initially, short- and long-delay procedures produce similar results: A con-
ditional response begins to appear soon after the CS appears. But in the case 
of long-delay conditioning, the CR latency (the interval between the CS and 
the CR) gradually increases. Eventually, the CR does not appear until just be-
fore the onset of the US. Apparently, what happens in long-delay conditioning 
is that the CS is not merely the stimulus presented by the experimenter but 
also the appearance of that stimulus for a given period of time.

 Query 4: In delayed conditioning, the  ends only after the 

 begins.

Both trace and delay procedures are capable of producing conditional 
responses, and most studies of Pavlovian conditioning involve one of these 
two procedures. However, two other procedures for pairing CS and US are 
possible.

In simultaneous conditioning, the CS and US coincide exactly. We might, 
for instance, ring a bell and blow a puff of air into a person’s eye at the same 
moment. Both stimuli begin and end at the same instant. The simultaneous 
appearance of CS and US is probably rare in the natural environment, but 
something approximating it may occur: Thunder and lightning sometimes 
occur together if the storm is nearby; the dog may snarl and bite at the same 
instant and stop snarling the moment it releases your leg; the mother may 
provide the nipple at the very same time she sings to her baby, and she may 
stop singing the instant she withdraws the nipple.

Trace

Delayed

Simultaneous

Backward

Time

Air Puff (US)Buzzer (CS)

Figure 3-3 Pairing CS and US. A CS may precede, overlap with, occur simultaneously 
with, or follow a US. See text for explanation.
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Simultaneous conditioning is a weak procedure for establishing a condi-
tional response (Bitterman, 1964; Heth, 1976). In fact, if lightning always ac-
companied thunder but never preceded it, a sudden fl ash of lightning might 
not make us fl inch in the least.

Finally, it is possible to arrange things so that the CS follows the US, a 
procedure called backward conditioning. For instance, a puff of air directed at 
a person’s eye could be followed by the sound of a buzzer. The US–CS 
sequence also can occur outside the laboratory, as when a person sits on a 
splinter and then (having jumped up from the uncomfortable resting spot) 
sees the offending object.

It is very difficult to produce a CR with the backward procedure, though 
there have been reports of some success (Albert & Ayres, 1997). Pavlov de-
scribed some of the attempts made at backward conditioning in his labora-
tory. In one experiment, one of his assistants exposed a dog to the odor of va-
nilla after putting a mild acid into the dog’s mouth. (The acid was a US that 
elicited salivation.) The assistant presented acid and vanilla, in that order, 427 
times, yet the odor of vanilla did not become a CS for salivating. However, 
when another odor was presented before the acid, it became a CS after only 20 
pairings. These results are typical of those obtained by others who have 
 attempted backward conditioning (Gormezano & Moore, 1969). Some re-
searchers have argued that backward conditioning is sometimes effective in 
establishing a conditional response (e.g., Keith-Lucas & Guttman, 1975; 
Spetch, Wilkie, & Pinel, 1981), but the procedure is, at best, very inefficient 
(for reviews, see Hall, 1984; Wilson & Blackledge, 1999).

Because of the ineffectiveness of simultaneous and backward procedures, 
they are seldom used in studies of Pavlovian conditioning.

CS–US Contingency

A contingency is a kind of if–then statement. One event, Y, is contingent on 
another event, X, to the extent that Y occurs if and only if X occurs.

Various experiments have suggested that the effectiveness of Pavlovian 
procedures varies with the degree of contingency between CS and US. In one 
study, Robert Rescorla (1968) exposed rats to a tone followed by a mild shock. 
Although all the rats received the same number of CS–US pairings, in addi-
tional trials the US sometimes appeared alone. In one group, the shock oc-
curred in the absence of the CS in 10% of the additional trials; in a second 
group, the US appeared alone in 20% of the trials; and in a third group, the US 
appeared alone in 40% of the trials. The results showed that the amount of 
learning depended on the degree to which the CS predicted shock. When the 
CS was nearly always followed by the US, conditioning occurred. When a 
shock was about as likely to occur in the absence of a CS as in its presence 
(the 40% group), little or no learning took place.

Rescorla concluded that contingency was essential to Pavlovian learning, 
but later work raised doubts about this. Some researchers have found evidence 
of Pavlovian conditioning even when there is no contingency between CS and 
US (Durlach, 1982; see Papini & Bitterman, 1990, and Wasserman, 1989, for 
discussions of this issue). Nevertheless, we can say that, other things being 
equal, the rate of Pavlovian conditioning will vary with the degree of CS–US 
contingency.
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In the laboratory, it is a simple matter to ensure rapid learning by creating 
a high degree of contingency between the CS and US. Pavlov was able to pair a 
ticking metronome with food so that if the metronome was ticking, the dog 
always got food, and if it was not ticking, the dog never got food. Outside the 
laboratory, however, life is more complicated. A stimulus will sometimes be 
paired with a particular US and other times will appear alone—or, to be more 
precise, it will appear with other stimuli. For example, you may meet some-
one new and have a short, pleasant exchange on one occasion, but the next 
meeting may be neutral or unpleasant. This second experience will tend to 
undermine the positive effects of the fi rst pleasant meeting. The lack of per-
fect contingency between a CS and a given US (or, as in this example, a well-
established CS) not only makes for less than ideal learning conditions but 
may also account to some extent for the ambivalent reactions we often have 
toward people or things in our environment, as when we fi nd ourselves say-
ing, “I can’t decide whether I like that person or not.”

CS–US Contiguity

Contiguity refers to the closeness in time or space between two events. In 
Pavlovian conditioning, contiguity usually refers to the interval between the 
CS and US. This interval is called the interstimulus interval, or ISI. In trace 

Students are often confused by the various methods of pairing conditional 
and unconditional stimuli. When presented with a new example of condi-
tioning, they may have difficulty deciding whether the procedure used was 
trace, delayed, simultaneous, or backward. The following fl owchart, a 
modifi ed version of one provided by John Hummel and his colleagues 
(1991), may help.

Pavlovian Flowchart

Was the CS presented
before the US?

Was the CS removed
before the US appeared?

Was the CS presented
at the same time as the US?

Yes

Yes

No

No

Trace Delayed

Yes No

Simultaneous Backward
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conditioning, the ISI is the interval between the termination of the CS and 
the onset of the US; in delayed conditioning, where the two stimuli overlap, it 
means the interval between the onset of the CS and the onset of the US. In 
general, the shorter the interval between CS and US, the more quickly condi-
tioning occurs (Mackintosh, 1974; Wasserman, 1989). However, the simulta-
neous procedure, with no interval at all, is very ineffective. The optimum 
 interval depends on a number of variables.

One important variable is the kind of response being learned. For instance, 
in establishing a conditional eye blink response, the ideal CS–US interval is 
about one-half second; intervals of longer than a second are unlikely to be ef-
fective. In fear conditioning, in which a stimulus is paired with a stimulus 
that arouses fear, the ISI may be much longer, perhaps several minutes or more. 
And it is possible to obtain very good results with long CS–US intervals in 
studies of taste aversion. Taste aversion conditioning usually consists of pair-
ing a distinctive taste with a substance that induces nausea. Some researchers 
have produced taste aversions with CS–US intervals of several hours (Revusky 
& Garcia, 1970; Wallace, 1976; for more on taste aversions, see Chapter 4). 
Other research shows that the ideal CS–US interval varies with the level of 
stress (Servatius et al., 2001).

 Query 5: In Pavlovian conditioning,  usually refers to the interval 

between CS and US.

The optimum CS–US interval also varies according to the type of condi-
tioning procedure used, with short intervals generally being less important in 
delayed conditioning than in trace conditioning. However, even in trace con-
ditioning, extremely short intervals may not work well, as a study by Gregory 
Kimble (1947) demonstrates. Kimble trained college students to blink in re-
sponse to a light. The gap between the light and a puff of air to the eye was 
short, from 0.1 second to 0.4 second. On every tenth trial, Kimble withheld 
the US to see whether the students would blink. At the end of the experiment, 
he compared the response rates and found that the group with the longest 
CS–US intervals produced conditional responses on 95% of the test trials. 
Groups with shorter intervals responded less frequently; the shortest intervals 
produced CRs on an average of only 45% of test trials (see Figure 3-4).

It is difficult to generalize about the role of contiguity in Pavlovian condi-
tioning. Although shorter intervals are generally preferable to longer ones, the 
ideal interval varies in complex ways from situation to situation. However, 
the contiguity of CS and US cannot be ignored because it will affect the suc-
cess of any given conditioning procedure one way or another.

Stimulus Features

The physical characteristics of the CS and US affect the pace of conditioning. 
It might seem that given several neutral stimuli, one would serve as a CS as 
well as another. But although nearly any stimulus can become an effective 
CS, some stimuli serve the purpose far more readily than others.

This is illustrated by experiments in which the CS consists of two or 
more stimuli (e.g., a red light and a buzzer) presented simultaneously. Such a 
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 compound stimulus is paired with a US for one or more trials, after which the 
experimenter tests for conditioning by presenting the compound stimulus and 
each component of the CS alone.

In one of the fi rst studies of compound stimuli, one of Pavlov’s assistants 
simultaneously presented cold and tactile stimulation to a dog, followed by a 
few drops of mild acid in the mouth (a US for salivation). Then the experi-
menter tested the dog with the cold stimulus alone, the tactile stimulus alone, 
and the compound stimulus. The results revealed that although both the tac-
tile stimulus and the compound stimulus were effective conditional stimuli, 
the cold stimulus alone was utterly ineffective.

This phenomenon is known as overshadowing because, as Pavlov noted, 
“The effect of one [stimulus] was found very commonly to overshadow the effect 
of the others almost completely” (p. 141). The overshadowed stimulus does not go 
entirely unnoticed; it simply does not become an effective CS (Rescorla, 1973).

Perhaps the chief distinguishing characteristic of an effective CS is its in-
tensity: Strong stimuli overshadow weak ones. Leon Kamin (1969) used a 
compound stimulus consisting of a strong light and a weak tone and found 
that when he presented each stimulus alone, the light produced a stronger CR 
than the tone. Other studies demonstrate that a loud noise makes a better CS 
than a soft noise, that a bright light is more effective than a soft light, that a 
strong fl avor or odor works better than a mild one, and so on.

The intensity of the US also is very important, with stronger stimuli pro-
ducing better results, in general, than weaker ones. This was demonstrated by 
Kenneth Spence (1953) in a study of eyelid conditioning. The US was a puff of 
air exerting either 0.25 pound of pressure per square inch (psi) or 5 pounds psi. 
In a 20-trial test period, college students trained with the weak US gave an av-
erage of fewer than 6 conditional responses to the CS, whereas those trained 
with the stronger US gave an average of 13 CRs. In a more recent experiment, 
Brett Polenchar and his colleagues (1984) used four levels of mild shock (from 
1 to 4 milliamps) as the US. They sounded a tone and then delivered a shock 
to the hind leg of a cat, causing it to fl ex its leg. The rate of CR acquisition in-
creased with the intensity of the shock (see Figure 3-5).
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Figure 3-4 CS–US interval. The average percentage of conditional responses on test 
trials revealed improved conditioning with longer CS–US intervals up to 0.4 second. 
(Compiled from data in Kimble, 1947.)
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It is possible, however, for either a CS or a US to be too intense. In eyelid 
conditioning, a bright light may make a better CS than a dim one, but if the 
light is very strong, it may be an unconditional stimulus for blinking and will 
therefore interfere with learning. Likewise, a very weak electric current 
makes a poor US, but so may a very strong one.

 Query 6: If one part of a compound stimulus fails to become a CS,  

has occurred.

The ability of a stimulus to become a CS varies depending on the nature 
of the US. In general, conditioning proceeds best when both the CS and the 
US affect internal receptors or when both affect external receptors. In experi-
ments with rats, for example, a distinctive taste is likely to become a CS when 
the US causes sickness, but a combination of sight and sound is more likely to 
become a CS when the US is shock (Garcia & Koelling, 1966). This fi nding 
seems quite sensible from an evolutionary standpoint: Sickness is likely to be 
the result of eating tainted food, and such food is likely to have a distinctive 
taste; painful external stimuli—such as the bite of a predator—are likely to be 
preceded by a distinctive sight or sound.

Prior Experience with CS and US

The effects of a conditioning procedure depend partly on the individual’s pre-
vious exposure to the stimuli that will serve as CS and US. Suppose, for ex-
ample, that a dog hears a bell that is sounded repeatedly but is never paired 
with food. If an experimenter then begins pairing the bell with food, how will 
the dog’s previous experience with the bell affect learning?
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Figure 3-5 Conditioning and US intensity. Average percentage of CRs on seventh day of 
training for cats exposed to four levels of shock. Generally, the more intense the US, the 
more effective the training. (Compiled from data in Polenchar et al., 1984.)
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Research shows that it takes longer for the bell to become a CS than it 
would have had the dog never heard the bell by itself.8 The appearance of a 
stimulus in the absence of a US interferes with the subsequent ability of that 
stimulus to become a CS (see Figure 3-6). This phenomenon is called latent 
inhibition (Lubow & Moore, 1959). It probably occurs at least partly because 
prior exposure undermines the contingency between the CS and US during 
training. If a CS sometimes appears alone during training, conditioning pro-
ceeds more slowly, so it is hardly surprising that exposure to the CS alone be-
fore training interferes with conditioning. Janice McPhee and colleagues 
(2001) added a 28-day interval between the CS preexposure and the condition-
ing session, and still latent inhibition occurred.

Latent inhibition suggests that novel stimuli (stimuli with which the in-
dividual has had little experience) are more likely to become conditional stim-
uli than are stimuli that have appeared many times in the absence of the US. 
But what if the novel stimulus is part of a compound stimulus that includes 
an effective CS? Suppose, for example, that a researcher conducts an experi-
ment on Pavlovian learning in rats, fi rst by repeatedly pairing a tone and elec-
tric shock, then by repeatedly pairing a compound stimulus consisting of the 
tone and a novel stimulus (light) with the shock. What will happen if the re-
searcher now presents the light alone? Leon Kamin (1969) performed this ex-
periment and found that the light did not become a CS. This phenomenon, 
called blocking, resembles overshadowing in that one stimulus interferes 
with the ability of another to become a CS. In overshadowing, however, the 
effect is the result of differences between the stimuli in characteristics such 
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Figure 3-6 Latent inhibition. Percentage of CRs (leg fl exion) in sheep and goats on four 
days following 0, 20, or 40 preexposures to the CS. (From “Latent Inhibition: Effects of 
Frequency of Nonreinforced Preexposure of the CS,” by R. E. Lubow, 1965, Journal of 
Comparative and Physiological Psychology, 60, p. 456, Figure 2. Copyright © 1965 by the 
American Psychological Association. Reprinted by permission.)

8This is a good example of why animals are important in learning research. People are more 
likely than laboratory animals to have had experiences with a CS or a US that will affect a 
conditioning procedure in unknown ways.
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as intensity; in blocking, the effect is due to prior experience with one part of 
a compound stimulus.9

Blocking would seem to be a useful phenomenon. Generally speaking, the 
fi rst priority of all living things is to survive. Exposure to a stimulus that sig-
nals an important event, such as the availability of food or a danger such as a 
predator, helps us prepare for that event and thereby survive. But there is no 
additional benefi t from multiple signals, so duplicate signals can be ignored. 
In blocking, we are merely ignoring duplicate signals.

Blocking is generally useful, but it could work against us. When we eat 
foods that make us nauseated, we tend to feel slightly nauseated when pre-
sented with those foods again. We avoid those foods, and that helps us survive. 
But suppose we eat two foods, one spicy and the other bland. If we then be-
come sick, thanks to blocking we are likely to develop an aversion to the spicy 
food—even though it may have been the bland food that caused our illness.

There is another way in which experience with a neutral stimulus can af-
fect later conditioning. Suppose two neutral stimuli, such as a bell and a light, 
are repeatedly presented together but are not paired with a US. Then one of 
these stimuli, perhaps the bell, is repeatedly paired with an unconditional 
stimulus so that it becomes a CS. What effect will this procedure have on the 
capacity of the light to become a CS? Wilfred Brogden (1939), using dogs as 
subjects, paired a light and a bell for 2 seconds 20 times a day for 10 days. 
Then, for some of the dogs, he repeatedly paired the bell with a mild shock to 
one of the animal’s front legs to elicit a refl ex movement. Next, Brogden pre-
sented the light to see what would happen. He found that this stimulus often 
elicited a CR even though it had never been paired with the US. Brogden called 
this phenomenon sensory preconditioning. Dogs that had not been exposed to 
the bell–light pairing did not respond to the light in this way. In general, then, 
a stimulus will become a CS more rapidly if it has been paired with another 
stimulus that has since become a CS.

Number of CS–US Pairings

Because conditioning requires the pairing of stimuli, it seems logical that the 
more often the CS and US appear together, the more likely a conditional re-
sponse is to occur. In general, nature accepts this logic.

However, the relationship between the number of stimulus pairings and 
the amount of learning is not linear: The fi rst several pairings are more im-
portant than later ones. Thus, conditioning usually follows a decelerating 
curve (see Figure 3-7).

From a survival standpoint, the curvilinear relationship between CS–US 
pairings and learning makes excellent sense. If important stimuli are reliably 
associated, the sooner the individual adapts, the better. If, for instance, the sight 

9Blocking is not, however, the inevitable result of pairing an established CS with a novel stimu-
lus. John Batson and Robert Batsell (2000) paired the fragrance of almond and a US that induced 
nausea and then paired the odor, now a CS for nausea, and a novel stimulus, a sweet taste, with 
the US. Based on research on blocking, we might predict that the taste would not become a CS 
for nausea, but it did. In fact, the procedure facilitated conditioning to the taste. The research-
ers call this surprising phenomenon augmentation (see also Batsell, 2000).
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of a poisonous snake is associated with a painful bite, it is important that we 
acquire a healthy fear of the snake right away. Those who require several CS–US 
pairings for learning in this situation are obviously at a serious disadvantage.

Intertrial Interval

We saw earlier that the CS–US interval was important to learning. Another 
interval that affects the rate of conditioning is the gap between successive tri-
als. (Recall that each pairing of the CS and US is one trial.) The intertrial 
 interval can vary from about a second to several years. Suppose you want to 
train a dog to salivate when you clap your hands. You decide that you will 
pair the hand clap with food ten times. How much time should you allow be-
tween each of the ten trials?

In general, experiments comparing various intertrial intervals fi nd that 
longer intervals are more effective than shorter ones. Whereas the optimum in-
terval between CS and US is often a second or less, the best intertrial interval 
may be 20 or 30 seconds or more (see, for example, Prokasy & Whaley, 1963).

 Query 7: Four variables that affect the rate of conditioning are   , 

  ,   , and   .

Other Variables

The variables discussed thus far are perhaps the most important, but many 
others affect the course of Pavlovian conditioning.

For instance, Harry Braun and Richard Geiselhart (1959) found that the 
success of a Pavlovian procedure varied as a function of age. These researchers 
investigated eyelid conditioning in children, young adults, and senior citi-
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Figure 3-7 Number of CS–US pairings and conditioning. The more times a shock to the 
wrist followed a tone, the stronger the response to the tone alone. (After Hull, 1943, from 
data in Hovland, 1937b.)
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zens. As Figure 3-8 shows, learning was closely related to age; in fact, the pro-
cedure was not effective in establishing a conditional eye blink in the oldest 
subjects.10

Temperament can also affect conditioning. Pavlov noticed that some dogs 
are highly excitable whereas others are much more sedate. He found that 
these differences, which may be largely due to heredity, affect the rate of 
learning: the more excitable dogs learned faster.

Stress also affects conditioning. Janet Taylor (1951) found that anxious 
students acquired conditional responses more quickly than those who were 
more relaxed (see Figure 3-9). More recently, Servatius and colleagues (2001) 
also found that, in general, stress facilitated Pavlovian learning.

Pe
rc

en
tC

R
s

Conditioning (blocks of 10 trials)
1 2 3 4 5 6

10

40
50
60
70
80

●

●

●●

●

●

▼

▼

▼

▼
▼

▼

❁❁
❁

❁
❁

❁

C

Y

O
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Figure 3-9 Conditioning and anxiety. Eyelid conditioning proceeded more rapidly 
among anxious college students (solid line) than among relaxed ones (broken line). 
(From Taylor, 1951.)

10Some research suggests that poor conditioning in elderly people may signal the early stages of 
dementia (Woodruff-Pak et al., 1996).
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 REVIEW Although Pavlovian conditioning appears to be quite simple, it is complicated by 
the effects of a number of variables.11 Chief among these is the manner in 
which the CS and US are paired; these include trace, delayed, simultaneous, 
and backward procedures. The length of the CS–US interval and the degree to 
which the US is contingent on the CS also affect the rate of learning. Charac-
teristics of the stimuli involved can be important as well. When a compound 
stimulus is used as CS, for example, one aspect of the stimulus may over-
shadow another. Prior experience with either the CS or the US can affect 
learning; exposure to a stimulus before conditioning can cause latent inhibi-
tion and blocking. Other important variables include the number of CS–US 
pairings and the length of intertrial intervals.
 Many other variables affect the course of Pavlovian conditioning. Once a 
conditional response has been well established, however, it tends to be quite 
durable and may last for many years. This result is not inevitable, however; 
conditional responses can be extinguished.

Extinction of Conditional Responses
Once a conditional response is established, it can be maintained indefi nitely 
so long as the conditional stimulus is sometimes followed by the uncondi-
tional stimulus. If, however, the CS is repeatedly presented without the US, 
the conditional response will become weaker and weaker. The procedure of 
repeatedly presenting the CS without the US is called extinction. When, as a 
result of extinction, the CR no longer occurs (or occurs no more than it did 
prior to conditioning), it is said to have been extinguished.

Pavlov was the fi rst to demonstrate extinction in the laboratory. After 
training a dog to salivate at the sight of meat powder, he repeatedly presented 
the food without giving it to the dog. With each presentation, the dog sali-
vated less and less (see Figure 3-10).12

A study of eyelid conditioning by E. R. Hilgard and D. G. Marquis (1935) 
provides another example of Pavlovian extinction. In this study, dogs learned 
to blink in response to a light. By the fi fth day, three of the four dogs gave 
conditional responses to the CS over 90% of the time; the fourth dog re-
sponded 76% of the time. When the experimenters put the response on ex-
tinction, the CR declined steadily, and after 50 extinction trials the response 
rate had fallen to about 25% for each dog.

At fi rst glance, extinction looks something like forgetting. However, for-
getting refers to a deterioration in performance following a period without 
practice (see Chapter 11). For example, after a dog has learned to salivate at the 
sound of a metronome, we might discontinue training for a day, a week, or a 
decade, and then test it again with a ticking metronome. If the dog no longer 

11Indeed, Pavlovian conditioning is far more complicated than this chapter suggests. By way of 
example: Recent research shows that a stimulus may, under certain circumstances, serve as a 
US that establishes two different conditional responses simultaneously (Lett et al., 2001). Just 
thinking about that gives me a headache.
12A similar pattern emerges when other measures of conditioning are used. For example, in one 
experiment on extinction, Pavlov saw the CR latency increase from 3 seconds to 13 seconds 
over 7 trials.
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Figure 3-10 Extinction of a CR. A conditional response will extinguish if the CS (in this 
case, the sight of food) is repeatedly presented alone. (Compiled from data in Pavlov, 
1927.)
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Figure 3-11 Extinction as learning. The extinction of the salivary response may be 
plotted as the increase in the “not-salivating response.” (Compiled from data in Pavlov, 
1927.)

salivates at the sound, we may say that forgetting has occurred. Extinction is 
a very different procedure: The practice sessions continue, but the sound of 
the metronome is not paired with food. You have seen that the degree of 
CS–US contingency affects the rate of conditioning. It also affects the mainte-
nance of the CR. In extinction, the CS–US contingency is dissolved. Extinc-
tion can also be viewed as a form of conditioning in which the CS is paired 
with the absence of the US. During extinction, Pavlov’s dogs could be said to 
be learning the “not salivating” response (see Figure 3-11).

The extinction curve shown in Figure 3-10, which is fairly typical, sug-
gests that the CR steadily approaches zero and stabilizes at some very low 
level. This is not quite the case. Pavlov discovered that if, after a response 
seemed to have been extinguished, he discontinued training for a time and 
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then presented the CS again, the dog was very likely to salivate (see 
Figure 3-12). This sudden reappearance of a CR after extinction is called spon-
taneous recovery. If Pavlov once again presented the CS alone several times, 
the CR would rapidly extinguish. But the fact that a CR can reappear follow-
ing extinction means that to eliminate it, it must be extinguished on at least 
two occasions.

For of all sad words of tongue or pen,
The saddest are these: “It might have been!”

John Greenleaf Whittier

In 1902, when Pavlov was in the early stages of his conditioning research, a young 
man named Edwin B. Twitmyer made a small, but important, mistake.

A graduate student at the University of Pennsylvania, Twitmyer was doing research 
on the patellar (knee jerk) refl ex for his dissertation. In his experiments, he allowed a 
pair of small rubber hammers to fall against a person’s knee so as to cause the familiar 
knee jerk refl ex. He was interested in the way muscle tension affected the force of the 
response, so before letting the hammers fall, he would ring a bell to alert the person 
that the blows were coming. One day Twitmyer unintentionally rang the bell without 
releasing the hammers. That was the small, important, mistake.

Although the result was a surprise to Twitmyer, you can guess what happened: 
The subject’s feet shot forward as if his knees had been hit with the hammers. Twit-
myer was intrigued by this, especially when the subject insisted that the response was 
as much a surprise to him as it had been to Twitmyer.

Twitmyer followed up this serendipitous fi nding by conducting new experiments 
in which he systematically paired the bell and hammer blow and then tried the bell 
alone. The procedure produced what would now be called conditional responses.

Twitmyer thought he was on to something and arranged to talk about his work at 
the meetings of the American Psychological Association in 1904. At the end of a morn-
ing session chaired by William James, the giant of the times, Twitmyer read his paper, 
Knee Jerks Without Stimulation of the Patellar Tendon.

There had been a good deal of discussion following previous papers, so the ses-
sion was running into the lunch hour. Twitmyer spoke to an audience that hungered 
less for knowledge than for roast beef. When the young man had completed his re-
marks, James asked the audience if there were any questions or comments. The audi-
ence replied with an awesome—silence. There being no questions, James said, the 
session is concluded.

Twitmyer was devastated. He had given his Gettysburg Address and considered 
his effort a failure. He never did another experiment on conditioning. Twitmyer re-
ceived his degree and went on to do good work in other fi elds. But what might he have 
done? What if he had pushed on from that fi rst defeat? What if he had published his 
fi ndings, done additional research, given other talks?

He would not have supplanted Pavlov, who had a small army of assistants doing 
conditioning experiments. But Pavlov’s work was virtually unknown in the United 
States until 1927. Twitmyer could have become his Western counterpart and one of the 
most prominent fi gures in American psychology.

Alas, poor Twitmyer. What might have been!

Edwin B. Twitmyer and What Might Have Been
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Although extinction may reduce the frequency of a CR to zero, it does not 
entirely undo the effects of conditioning. This is evident from Pavlov’s obser-
vation that an extinguished CR usually can be reestablished far more readily 
than it was established initially. Mark Bouton and Dale Swartzentruber (1991) 
reviewed the animal research on extinction and concluded that extinguished 
behavior remains sensitive to environmental cues. In other words, events that 
occurred during training can trigger a CR’s reappearance after extinction.

 REVIEW Conditional responses can be weakened by repeatedly presenting the CS alone, a 
procedure known as extinction. This procedure is often confused with forget-
ting, but the two are quite different. Following extinction, the CS may elicit 
the CR again, a phenomenon known as spontaneous recovery.
 Despite many experiments conducted over a period of about a hundred 
years, we still do not thoroughly understand Pavlovian conditioning. A num-
ber of experts have, however, attempted to construct theories to account for 
various Pavlovian phenomena.

Theories of Conditioning
There is no unifi ed theory of Pavlovian conditioning, no set of propositions 
that together account for all of the fi ndings in the conditioning literature. 
However, a number of theories have been proposed, and each has its support-
ers. We will consider two of the most infl uential theories, one old and one 
more contemporary: Pavlov’s stimulus-substitution theory and the Rescorla-
Wagner model.

Stimulus-Substitution Theory

Pavlov believed that conditioning involved the formation of a new neurologi-
cal connection between the CS and the US. The US, Pavlov speculated, must 
stimulate an area of the brain that triggers the refl ex response. Putting food in 
a dog’s mouth, for example, stimulates the area of the brain that controls sali-
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Figure 3-12 Spontaneous recovery. A conditional response will extinguish if the CS is 
repeatedly presented alone. Following a rest period, the CR spontaneously reappears. 
(Compiled from data in Pavlov, 1927.)
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vation. By repeatedly pairing a bell with food, Pavlov said, the bell comes to 
stimulate, indirectly, the salivation area of the brain. Thus, the CR and UR 
both result from excitation of the same area of the brain.

“The path of the inborn refl ex,” wrote Pavlov, “is already completed at 
birth; but the path of the signalizing refl ex [i.e., the CS–US connection] has 
still to be completed in the higher nervous centers” (p. 25). Pavlov used the 
telephone as a convenient analogy. “My residence,” he wrote, “may be con-
nected directly with the laboratory by a private line, and I may call up the lab-
oratory whenever it pleases me to do so; or on the other hand, a connection 
may have to be made through the central exchange. But the result in both 
cases is the same” (p. 25).

It follows from Pavlov’s theory that the CR and the UR are one and the 
same. According to Pavlov, then, conditioning does not involve the acquisi-
tion of any new behavior, but rather the tendency to respond in old ways to 
new stimuli. The CS merely substitutes for the US in evoking the refl ex re-
sponse. This is called stimulus-substitution theory.

A critical problem with the stimulus-substitution theory is that there is 
evidence that the CR and the UR are not always the same. As a rule, the con-
ditional response is weaker than, occurs less reliably than, and appears more 
slowly than the UR. These differences are not too troublesome. The CS may 
simply be said to provide weaker stimulation of the US area of the brain; 
hence, the CR is weaker than the UR.

But there are often qualitative differences between conditional and uncon-
ditional responses. For instance, Karl Zener (1937) trained dogs to salivate and 
then watched their spontaneous responses to food and to the conditional stim-
ulus. Like Pavlov, Zener found that both the CS and the US elicited salivation, 
but Zener noticed that the two stimuli also elicited other behavior as well. 
When the dog received food, it made chewing movements but otherwise re-
mained still; when the CS appeared, the dog became active but did not chew.

An even more serious difficulty for the theory is the fi nding that the CR is 
sometimes the opposite of the UR (Hilgard, 1936). The unconditional response 
to electric shock, for example, is an increase in heart rate, whereas a CS that 
has been paired with shock elicits a decrease in heart rate. One unconditional 
response to morphine is reduced sensitivity to painful stimuli; the conditional 
response to stimuli associated with morphine is, however, increased sensitiv-
ity to painful stimuli (Siegel, 1975). Stimulus substitution theory also has dif-
fi culty accounting for blocking, latent inhibition, and extinction.

Despite these problems, stimulus-substitution theory has its defenders. 
Roelof Eikelboom and Jane Stewart (1982), for example, dispute the notion that 
the conditional response is sometimes the opposite of the unconditional re-
sponse. They propose that only when the UR does not involve the central ner-
vous system are the CR and the UR opposites.

Pavlov himself attempted to test his theory by operating on dogs that had 
undergone conditioning. Typically he would remove a particular area of the 
cortex (the outer layer of the brain), and then test to see whether the dog re-
tained the refl ex. The surgical methods at the time were, however, rather 
crude. Modern technologies, such as MRI (magnetic resonance imaging) and 
fMRI (functional MRI) and surgical research with simpler animals, such as 
the large marine mollusk Aplysia, which has neurons that are relatively large 
and few in number, may ultimately provide support for some variation of Pav-
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lov’s theory. However, because of its problems stimulus-substitution theory is 
currently out of favor.

 Query 8: According to stimulus-substitution theory, the  substi-

tutes for the .

Rescorla-Wagner Model

In Pavlov’s stimulus-substitution theory, a stimulus becomes a CS simply by 
being paired with a US repeatedly. Contiguity of CS and US is, therefore, the 
necessary and sufficient condition for learning.

But contiguity alone, while desirable, is not sufficient. As you may recall, 
Robert Rescorla (1968; see above) paired a tone and mild shock with various 
groups of rats. All rats received the same number of CS–US pairings, but in 
some groups the CS also appeared alone on some trials. The chief fi nding was 
that the more often the tone appeared without shock, the less learning oc-
curred. Rescorla concluded that there needed to be a contingent relationship 
between CS and US for conditioning to be effective.

This conclusion, however, was undermined by Kamin’s (1969) blocking 
experiment described earlier. Kamin paired a tone with electric shock until 
the tone became a CS and then presented the tone and a new stimulus, a light, 
simultaneously followed by shock. The question was, Would the light then 
act as a CS when presented alone? He found that it did not. The CS blocks 
the new stimulus from becoming a CS. Pavlov’s theory, with its focus on 
contiguity of CS and US, could not account for this fi nding because the new 
stimulus was paired with the US. But Rescorla’s idea that contingency was 
the critical factor in learning was also unable to explain blocking because, 
once the tone and light were combined, their appearance reliably predicted 
shock. In other words, shock was contingent on the appearance of light. The 
light had both contiguity and contingency working for it, yet it did not be-
come a CS.

Not to be defeated, Rescorla went back to the proverbial drawing board 
and, with his colleague Allan Wagner (Rescorla & Wagner, 1972; Wagner & 
Rescorla, 1972) came up with a new theory of Pavlovian conditioning, argu-
ably the most infl uential theory of conditioning in the past 40 years.

The Rescorla-Wagner model argues that there is a limit to the amount of 
conditioning that can occur in the pairing of two stimuli. One determinant of 
this limit is the nature of the US. Pairing a bell with a bit of juicy steak, for 
example, is more likely to produce strong conditioned salivation than pairing 
a bell with a piece of dry bread, and dry bread is likely to work better than a 
piece of cardboard.

Nor are the characteristics of the US the only variables affecting learning. 
Certain stimuli become CSs in a few pairings, while other stimuli can be 
paired with a US hundreds of times without much effect. After all, there is a 
limit to how much a dog can salivate.

This means that there is a limit to the amount of conditioning that can 
occur, even with the most effective CS and US. Further, each time a CS and 
US are paired and some learning occurs, the individual gets closer to reaching 
the maximum amount of conditioning possible. Suppose, for example, that 
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you see a bee and are then stung by it. Chances are this pairing of bee and 
pain will make you fearful the next time you see a bee. If the next time you 
see a bee you are once again stung, your fear will increase. However, there is 
probably a limit to how fearful bee sting pain can make you become. If 
you were to see bees fi ve times and were stung on all fi ve occasions, you 
would probably be about as afraid of bees as you could get. Being stung after 
seeing bees on a hundred more occasions probably wouldn’t make much 
difference.

The rate at which conditioning proceeds is not, however, uniform. The 
fi rst pairing of CS and US is usually likely to produce more learning than 
the second pairing, and the second produces more learning than the third, 
and so on. This results in the familiar decelerating learning curve seen in 
Figure 3-7.

Rescorla and Wagner realized that these ideas—that there is a limit to the 
amount of conditioning that can occur, that the limit depends on characteris-
tics of the CS and US, and that each successive pairing produces less learn-
ing—can be stated mathematically in a formula:

∆Vn = c (λ – Vn–1)

The formula looks complicated, but it merely expresses in mathematical 
form the ideas just covered. The amount of learning on any given trial is indi-
cated as a change (∆, delta, the symbol for change) in the strength of the asso-
ciation (V, for value) on that trial (n). This number is determined by a constant 
(c, a number falling between 0 and 1) based on the characteristics of the CS 
and US being paired; the total amount of learning that can occur (lambda, λ, a 
number equal to or greater than 0) with the US being used; and the amount of 
learning that has occurred as of the previous trial (Vn–1). The formula means 
that if you want to predict the amount of learning on a given trial, you sub-
tract the amount of learning that has occurred as of the previous trial from 
the maximum amount of learning that can occur and multiply that number 
by a constant representing the conditionability of the stimuli paired.

 Query 9: The Rescorla-Wagner model recognizes that the greatest amount of learning 

occurs in the  pairings of CS and US.

The best way to come to grips with the formula is to work through it us-
ing some hypothetical numbers. Suppose we are pairing the sight of a bee and 
its sting. Let’s arbitrarily set λ at 100. Initially V is 0 because there have been 
no pairings of CS and US. Now let’s assume that the sight of a bee and its 
sting are both salient stimuli, so we set c at .5. (Salient means having features 
that make conditioning likely to be successful.) On the very fi rst trial, we get 
the following:

∆V1 = 0.5 (100 – 0) = 50

Multiplying 0.5 times 100, we get 50. This can be interpreted to mean 
that 50% of all the learning that will occur from all pairings of CS and US 
(symbolized by λ) will occur on the fi rst trial. If we continue the calculations 
for subsequent trials, we see that the rate of learning necessarily diminishes:
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∆V2 = 0.5 (100 – 50) = 25
∆V3 = 0.5 (100 – 75) = 12.5
∆V4 = 0.5 (100 – 87.5) = 6.3
∆V5 = 0.5 (100 – 93.8) = 3.1

As you can see, after fi ve trials, almost 97% of all learning that can occur 
from pairing these two stimuli has occurred. If the stimuli being paired are 
even more effective, then c would be higher, and conditioning would proceed 
even more quickly. Suppose that you are stung by a bee and you have an allergic 
reaction to the bee’s venom. You are in great pain and cannot breathe, and you 
fall to the ground gasping for breath. As you lie there, you are terrifi ed that you 
are about to die. It seems likely that such an experience would produce consid-
erably more conditioned fear at the sight of a bee and that conditioning would 
proceed more rapidly. The CS (sight of a bee) is the same, but the US is more po-
tent, so we’ll put the value of c at 0.8, and see what happens:

∆V1 = 0.8 (100 – 0) = 80
∆V2 = 0.8 (100 – 80) = 16
∆V3 = 0.8 (100 – 96) = 3.2
∆V4 = 0.8 (100 – 99.2) = .64

The fi rst thing you are likely to notice is that increasing the potency of the 
stimuli used (going from a c of 0.5 to 0.8) results in a huge increase in the amount 
of learning on the fi rst trial. The second thing you might notice is that more 
learning occurs in three trials than occurred in fi ve trials with a weaker US.

Blocking occurs because by the time CS1 is combined with CS2, nearly all 
the learning that can occur has already occurred. In a sense, the fi rst CS “uses 
up” what the US has to offer, and there just is not much conditioning left 
available. If we look at Kamin’s blocking experiment using the Rescorla- 
Wagner formula, we can see this. Let’s assume that c totals 0.5. If we pair the 
tone and shock fi ve times, we get the numbers shown earlier:

∆V1 = 0.5 (100 – 0) = 50
∆V2 = 0.5 (100 – 50) = 25
∆V3 = 0.5 (100 – 75) = 12.5
∆V4 = 0.5 (100 – 87.5) = 6.3
∆V5 = 0.5 (100 – 93.8) = 3.1

Now, let’s suppose that we present the compound stimulus consisting of 
tone and light, and let’s assume that the light has the same salience (that it is 
just as suitable as a CS) as the tone, so that c remains 0.5. (The conditionabil-
ity of tone and light are each half as conditionable as the tone alone, because 
there is only so much conditioning to go around. This does not, however, 
change the value of c.) If we now continue conditioning trials with the com-
pound stimulus, the conditioning proceed as follows:

∆V6 = 0.5 (100 – 96.9) = 1.6

Thus, the increase in learning available is only 1.6, and this must now be 
divided equally between the tone and light, assuming they are equally condi-
tionable. So the amount of learning in trial six is only 0.8 (1.6 divided by 2) for 
each CS. In other words, neither the light nor the tone changed much as a re-
sult of this pairing.



Many students who have read about Pavlovian conditioning will, if asked to explain it, 
say something like this: “Pavlov rang a bell and then gave a dog food. After doing this 
several times, the dog associated the bell with food. When the bell rang, the dog knew 
food was coming, and that made it salivate.”

This view of conditioning assumes that an awareness of the relationship between 
CS and US is essential to, and must precede, the appearance of the CR. “After all,” the 
student is likely to say, “why would the dog salivate unless it knew food was coming?”

The awareness view is popular not only with students but with some psychologists 
(Allen & Janiszewski, 1989). Nevertheless, it faces serious diffi culties. For instance, re-
search with human participants has demonstrated that conditioning sometimes occurs 
without awareness that the CS and US are related. In one study, K. Diven (1937) asked 
people to take a word-association test. The subjects were presented with certain words 
and after each one they were to say whatever words came to mind. One of the test 
words was barn; while the subject was responding to this word, he always received a 
shock. All of the subjects showed a conditional response (the galvanic skin response) 
to the word barn, yet half of them were unable to say what word preceded shock. (See 
also Papka, Ivry, & Woodruff-Pak, 1997; Schiffman & Furedy, 1977). If conditioning 
sometimes occurs without awareness, then awareness cannot be said to be necessary 
for conditioning.

Another problem for the awareness model arises when simple animals undergo 
conditioning. Roundworms and fl atworms, for example, condition very well, yet it is 
hard to believe that they have an awareness of the CS–US relationship. Worms do not 
have brains, in the usual sense of the word, so what are they supposed to have used to 
recognize, for example, that a light precedes a shock? Worse still for the awareness 
model, Pavlovian procedures have been used successfully with some one-celled or-
ganisms such as the amoeba. It seems absurd to suggest that an amoeba could be 
aware of a CS–US relationship.

It could be argued that conditioning works differently in humans than in lower ani-
mals: A person must become aware of the CS–US relationship to produce a condi-
tional response; a worm need not. The trouble with this argument is obvious: Why 
should a more intelligent species be less effi cient at learning than a less intelligent spe-
cies? If an amoeba can learn to respond to a light without being aware that a shock will 
follow, why can’t a person?

Despite these and other problems faced by awareness advocates, the issue is still 
researched and debated (see, for example, Purkis & Lipp, 2001). The problem is com-
plicated and not easily resolved. However, the rancor with which the awareness issue 
is debated suggests that it has an importance that transcends Pavlovian conditioning.

The real debate seems to be between a natural science model of behavior, which 
says that behavior can be accounted for entirely in terms of biological and environ-
mental events, and a model that insists that behavior is the product of an autonomous 
mind (see, for example, Furedy & Kristjansson, 1996; Shanks & St. Johns, 1994).

Those who believe in the autonomous mind accuse their opponents of treating the 
person as an “empty organism.” But the natural science approach does not suggest that 
people (or other animals, for that matter) are empty. A person (and perhaps a dog) may 
become aware at some point that a bell will be followed by food. This awareness may 
precede or follow the appearance of a conditional response. The point is that if aware-
ness occurs, it is, like the CR itself, the result of events in the individual’s environment. 
Awareness of the association between CS and US is evidently not a cause of learning, 
but one of the things that is sometimes learned.

Conditioning and Awareness
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Blocking occurs, then, because there’s very little learning left to occur. In 
a sense, the US has “taught” nearly everything it can. Whether Kamin’s ex-
periment even demonstrates blocking could be questioned because (according 
to Rescorla-Wagner) there is not much learning to be blocked.

In addition to blocking, the Rescorla-Wagner theory accounts for the nega-
tively accelerating slope of the typical conditioning curve, the fact that sa-
lient stimuli produce more learning in less time, and the reduction of the CR 
during extinction. It does not account for all aspects of conditioning, how-
ever. It does not explain latent inhibition, for example. And, while the 
Rescorla- Wagner equation neatly expresses the essence of conditioning, the 
formula cannot actually be used to predict the specifi c fi ndings of a particular 
experiment because we cannot specify in advance the value of c.

Despite its limitations, Rescorla-Wagner, like stimulus-substitution the-
ory before it, has had the effect of stimulating a great deal of research. This 
heuristic value is one of the most important benefi ts of any good theory: It 
raises questions that lead to more facts, which in turn lead to new theories, 
which lead to new facts. Kamin’s experiment on blocking provided the 
 impetus for the Rescorla-Wagner model, and the failures of that theory gave 
rise to the Pearce-Hall model (Pearce & Hall, 1980) and others. It is through 
this process that science pursues understanding.

 REVIEW Pavlov believed that the CR and UR were the same and that the CS merely sub-
stituted for the US; hence the name stimulus-substitution theory. Subsequent 
research showed that the CR and UR are often quite different, sometimes even 
the opposite of one another. The Rescorla-Wagner model suggests that condi-
tioning depends on the salience of the CS and US and the total amount of con-
ditioning that can occur. They expressed their theory as an equation. Neither 
stimulus-substitution theory nor the Rescorla-Wagner model has provided a 
satisfactory explanation for all conditioning phenomena. However, both have 
generated a great deal of research, which has, in turn, enriched our under-
standing of conditioning and may one day lead to a more successful theory.

Many students come away from their study of Pavlovian conditioning 
convinced that Pavlov taught us little more than how to make dogs slobber at 
the sound of a bell. Sadly, even some psychologists take this view. In fact, Pav-
lovian conditioning has proved immensely useful in understanding a wide 
range of human and animal behavior (Turkkan, 1989). The work of Pavlov and 
his successors has also led to many practical applications, as you will see in 
the next chapter.

RECOMMENDED READING

 1. Cuny, H. (1962). Ivan Pavlov: The man and his theories. (P. Evans, Trans.). 
New York: Fawcett.

  This book includes an excellent review of Pavlov’s work, along with a 
number of selected writings by Pavlov.

 2. Hollis, K. L. (1997). Contemporary research on Pavlovian conditioning: A 
“new” functional analysis. American Psychologist, 52, 956–965.
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  This review of recent research makes it clear that Pavlovian conditioning 
is still a very dynamic and important fi eld.

 3. Pavlov, I. P. (1906). The scientifi c investigation of the psychical faculties or 
processes in the higher animals. Science, 24, 613–619.

  This article is perhaps the earliest English language report by Pavlov on 
his conditioning experiments.

 4. Todes, D. P. (1997). From the machine to the ghost within: Pavlov’s transi-
tion from digestive physiology to conditional refl exes. American Psychol-
ogist, 52, 947–955.

  Todes describes Pavlov’s transition from physiologist to behavior 
scientist.

 5. Windholz, G. (1997). Ivan P. Pavlov: An overview of his life and psycholog-
ical work. American Psychologist, 52, 941–946.

  A brief review of Pavlov’s life and work is presented here.

REVIEW QUESTIONS

 1. Defi ne the following terms:
backward conditioning latent inhibition
blocking overshadowing
classical conditioning Pavlovian conditioning
compound stimulus pseudoconditioning
conditional refl ex Rescorla-Wagner model
conditional response (CR) sensory preconditioning
conditional stimulus (CS) simultaneous conditioning
contiguity spontaneous recovery
contingency stimulus-substitution theory
delayed conditioning test trial
extinction trace conditioning
higher-order conditioning unconditional refl ex
interstimulus interval (ISI) unconditional response (UR)
intertrial interval unconditional stimulus (US)

 2. What did Pavlov mean when he said that glands seemed to possess 
intelligence?

 3. One of Pavlov’s most important discoveries was that salivation could be 
attributed to events occurring in the dog’s environment. Why is this 
important?

 4. Why do you suppose Pavlovian conditioning is also called classical 
conditioning?

 5. Explain the use of test trials in the measurement of Pavlovian learning.

 6. Why is pseudoconditioning a problem for researchers?

 7. Give an example of higher-order conditioning from your own experience.

 8. Give an example of overshadowing.
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 9. How is overshadowing different from blocking?

 10. Why is it a mistake to speak of simple Pavlovian conditioning?

 11. Explain the differences among trace, delayed, simultaneous, and back-
ward conditioning procedures. Illustrate each procedure with an example 
not given in the text.

12. If you wanted to establish a conditional eye blink in response to a light, 
what procedure (from among trace, delayed, etc.) is least likely to be 
successful?

 13. What is the principal fl aw in Pavlov’s stimulus substitution theory?

 14.  How might you estimate the value of c (in the Rescorla-Wagner model) in 
an objective way?

 15. How would you determine the optimum intensity of a CS for eyelid 
conditioning?

 16. Peggy Noonan, a political speechwriter, reports that soon after she had a 
baby she returned to the campaign trail. One day she saw something in a 
crowd and began lactating. What did she see?

 17. Some dentists ask their patients to listen to music through headphones 
while having their teeth worked on. The idea is to help the patient relax, 
thereby reducing the painfulness of the procedure. Should the patients lis-
ten to music they like or music they dislike?

 18. Some victims of insomnia sleep better at strange hotels than they do in 
their own bedroom. Explain why.

 19. In 1957, an amateur psychologist named James Vicary fl ashed impercepti-
ble messages on a screen during showings of the fi lm Picnic. The mes-
sages were “Hungry? Eat popcorn” and “Drink Coca-Cola.” Although 
Vicary claimed these “subliminal ads” increased sales of popcorn and 
Coke, research proved him wrong. However, the ads did have the effect of 
arousing hostility toward Pavlovian conditioning. Was Vicary’s amateur 
experiment really a study of Pavlovian conditioning?

 20. How has the study of Pavlovian conditioning altered your view of human 
nature?

PRACTICE QUIZ

 1. The conditional response is so named because it depends on many 
  .

 2. In higher-order conditioning, the CS is paired with a well-established 
 stimulus.

 3.  thought Pavlov was one of the greatest geniuses who 
ever lived.

 4. Pavlovian conditioning usually involves  behavior.
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 5. In Pavlovian conditioning, the appearance of the US is normally 
 on the appearance of the CS.

 6. Generally speaking, the shorter the CS–US interval, the  
(faster/slower) the rate of learning; the shorter the intertrial interval, the 

 (faster/slower) the rate of learning.

 7. Braun and Geiselhart found that older subjects acquired conditional re-
sponses  (more/less) rapidly than younger subjects.

 8. The equation that expresses the Rescorla-Wagner theory of conditioning 
is   .

 9. The least effective form of Pavlovian conditioning is probably the 
 procedure.

 10. Latent  is the result of the CS having appeared alone 
before conditioning trials.

QUERY ANSWERS

Query 1. Pavlov identifi ed two kinds of refl exes, unconditional and 
conditional.

Query 3. In higher-order conditioning, a neutral stimulus is paired with a 
well-established conditional stimulus.

Query 3. In trace conditioning, the CS begins and ends before the US 
appears.

Query 4. In delayed conditioning, the CS ends only after the US begins.

Query 5. In Pavlovian conditioning, contiguity usually refers to the interval 
between CS and US.

Query 6. If one part of a compound stimulus fails to become a CS, overshad-
owing has occurred.

Query 7. Any four of the variables discussed qualify: how the CS and US are 
paired; CS–US contingency; CS–US contiguity; stimulus features; prior ex-
perience with CS and US; number of CS–US pairings; intertrial interval; 
age; temperament; emotional state/stress.

Query 8. According to stimulus substitution theory, the CS substitutes for 
the US.

Query 9. The Rescorla-Wagner model recognizes that the greatest amount of 
learning occurs in the fi rst/earliest pairings of CS and US.

Workbook Chapter 3 includes:

• Exercises on identifying CS, US, CR, and UR
• Explanation of suppression ratio
• Sniffy exercises on conditioning

Active Learning
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4
Pavlovian ApplicationsC H A P T E R

BEFORE YOU BEGIN . . .

What do Pavlov’s dogs have to do with human fear?

Where does prejudice come from?

How do advertisers make use of conditioning to sell products?

Can conditioning explain pedophilia and other sexual disorders?

How might conditioning affect your immune system?

Many drug abuse deaths occur without overdosing. So what causes 
death?

Fear

box: Thank You, Albert

box: What Rats Can Teach Us About Fear

Prejudice

Advertising

box: Bite Your Tongue!

The Paraphilias

Taste Aversions

box: Sheep: Nature’s Weedeaters

Immune Function

Drug Overdose Deaths

A Final Word

Recommended Reading

Review Questions

Practice Quiz

Query Answers

IN THIS CHAPTER . . .
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These are our facts. I do not know what the psychiatrists will say, but we 

shall see who is right!

Ivan Pavlov

Because Pavlovian conditioning involves simple refl exive behavior, many 
people dismiss it as unimportant. Pavlov, these people say, provides no 
insight into human nature except to show us how to make people 

drool and twitch. Even some psychologists have said that Pavlovian condi-
tioning is merely of historical interest, a dead subject in the morgue of behav-
ior science.

Nothing could be further from the truth. Although thousands of studies 
of Pavlovian conditioning have been carried out since Pavlov’s day, it remains 
a rich lode that behavior scientists continue to mine for insights into learning 
and behavior (Hollis, 1997; Turkkan, 1989). Many of these studies have shed 
light on the role Pavlovian conditioning plays in the adaptation (and some-
times maladaptation) of people and other animals to their environments. Pav-
lovian research has also led to new applications in the treatment of human 
problems and holds out the promise of still more progress. In this chapter we 
will take a brief look at the way Pavlovian research has changed our views of 
seven phenomena of particular importance to people: fear, prejudice, advertis-
ing, paraphilia, taste aversion, the functioning of the immune system, and 
drug overdose deaths. We begin with fear.

Fear
The fi rst person to study human emotions systematically was John B.  Watson.1 
In Watson’s day, fear was commonly thought to be either the result of faulty 
reasoning or a kind of instinctual reaction (Valentine, 1930). For example, 
people were assumed to be innately afraid of fi re, snakes, and the dark.

The work of Watson and his students changed all that. They found that 
relatively few stimuli arouse fear or other strong emotional reactions, but ob-
jects that are paired with emotion-arousing items will soon come to elicit 
those emotions as well. We now know that our emotional reactions, includ-
ing not only fear but love, hate, and disgust, are largely learned, and they are 
learned mainly through Pavlovian conditioning. Watson called them condi-
tioned emotional responses. His work has vastly improved our understanding 
and treatment of emotional disorders, particularly the unreasonable fears 
called phobias.

Phobias are among the most common behavior problems. One survey 
found, for example, that out of every 1,000 people interviewed, 198 were afraid 

1It is ironic that Watson is often accused of ignoring emotions; he was among the fi rst to study 
them experimentally. He was not the fi rst, however. Long before Watson’s work, Pavlov studied 
conditioned fear in dogs.
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of their dentist and 390 were afraid of snakes (Agras, Sylvestor, & Oliveau, 
1969). (No doubt dentists are comforted to know that they are preferred over 
snakes.)2

Watson and graduate student Rosalie Rayner (Watson & Rayner, 1920; 
Watson & Watson, 1921) began their study of fear by testing a number of 
 infants to see their reactions to fi re, dogs, cats, laboratory rats, and other stim-
uli then thought to be innately frightening. They found no evidence of innate 
fear of these objects. They did fi nd, however, that a sudden loud noise is an 
unconditional stimulus for crying and other fearful reactions.

Next, the researchers attempted to establish a fear reaction through clas-
sical conditioning. Their subject was Albert B., a healthy, 11-month-old boy 
who showed no signs of fearing a white rat, a pigeon, a rabbit, a dog, a monkey, 
cotton wool, or a burning newspaper. He appeared to be a happy, normal baby 
who rarely cried. The researchers established that a loud noise was a US for 
fear. When they struck a steel bar with a hammer behind Albert’s head, he 
would jump suddenly. Using this loud noise as an unconditional stimulus, it 
took little time to establish a conditional fear response to a white rat. Watson 
and Rayner presented Albert with the rat, and then one of the experimenters 
hit the steel bar with a hammer. After a few pairings of this sort, Albert began 
to cry and show other signs of fear as soon as he saw the rat. He had learned, 
through Pavlovian conditioning, to fear white rats.

2Given the fearful reactions many people have to snakes and dentists, it is perhaps not surpris-
ing that one sometimes fi nds an aquarium fi lled with fi sh in a dentist’s waiting room, but 
never one with snakes.

The experiment with Little Albert has been harshly criticized on ethical grounds  (Harris, 
1979), and rightly so. Today, most people fi nd the idea of deliberately causing a phobia 
in a baby outrageous, and a similar experiment would no longer be considered ethical. 
We should remember, however, that the ethical standards of Watson’s day were quite 
different.

We should also recognize that Albert’s sacrifi ce completely changed our under-
standing of phobias and other emotional problems and immediately suggested effec-
tive treatments for them. Mary Cover Jones’s use of counterconditioning to treat Peter’s 
fear of rabbits is an example (see text). These treatments, which are based on Pavlovian 
conditioning, have since relieved the suffering of tens of thousands of people.

Unfortunately, Little Albert was taken away before his phobia could be treated by 
additional training. If Albert is alive today, he may yet have an unreasonable fear of 
laboratory rats and other furry white objects. He has, however, contributed in a very 
important way to the alleviation of human suffering. He showed the way to therapies 
that have helped thousands of people overcome fears and other debilitating emotional 
problems. Albert made a contribution in infancy far in excess of anything most of us 
accomplish in a lifetime. We are indebted to him.

Thank you, Albert, wherever you are.

Thank You, Albert 
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 Query 1: Albert became fearful of the rat because the arrival of the rat regularly pre-

ceded .

Other studies have verifi ed that Pavlovian procedures can establish fears 
in people. For example, Arne Öhman and colleagues (1976) had college stu-
dents look at pictures of snakes until they had habituated—that is, until the 
pictures had no emotional effect as measured by the GSR. Then the research-
ers paired the pictures with electric shock to the hand. There was, of course, a 
fear response to the shock, and soon the pictures also evoked fear.

We can readily come up with examples of fearful reactions that very likely 
were established through Pavlovian conditioning. Most people, for example, 
are made uneasy by visits to the dentist. This is hardly surprising when one 
considers that dental visits frequently entail some discomfort. The whine of 
the dentist’s drill is all too often accompanied by pain, so the sound of the 
drill soon arouses anxiety. We may even come to fear anything associated 
with the painful drill, such as the dentist and the dentist’s assistant (Ost & 
Hugdahl, 1985).

Very likely, the same sort of process accounts for the fear many people ex-
perience in a doctor’s examining room, the school principal’s office, or a math-
ematics classroom. A person who struggles with a math course, for example, 
may feel ill at ease in the classroom even when class is not in session.

Watson’s work not only improved our understanding of fears but also led 
to effective forms of treatment. Mary Cover Jones (1924a, 1924b), another of 
Watson’s students, was the fi rst to show that Pavlovian conditioning could 
help people overcome fears as well as acquire them. Jones’s subject was Peter, 
a 3-year-old with a fear of rabbits.3 Peter’s fear was “home grown,” as Watson 
phrased it, not the result of deliberate conditioning. The experiment with 
Albert showed how Peter’s fear may have been acquired; more important, it 
suggested how it might be removed.

Jones started by bringing a rabbit in view, but she kept it far enough away 
that it did not disturb Peter as he ate a snack of crackers and milk. In this way, 
Jones paired a CS for fear (the sight of the rabbit) with a positive US (crackers 
and milk). The next day, Jones brought the rabbit closer but was careful not to 
bring it close enough to make the child uneasy. On each succeeding day the ex-
perimenter brought the rabbit closer, always pairing it with crackers and milk, 
until Peter showed no fear even when Jones put the rabbit into his lap. Finally, 
Peter would eat with one hand and play with the rabbit with the other. This use 
of Pavlovian procedures to reverse the unwanted effects of conditioning is 
called counterconditioning. Because the person is gradually exposed to the 
fearful stimulus, this kind of therapy is now often called exposure therapy.

Various forms of counterconditioning have been developed since Jones’s 
work with Peter.4 Probably the best known of these therapies is systematic 

3Albert and Peter are famous in behavior science, but they are often confused with one another, 
even in psychology texts. To keep these two studies straight, think of the story of Peter Rabbit, 
and you will remember that it was Peter and the rabbit and Albert and the rat.
4Those forms of counterconditioning that pair a disturbing CS with neutral or positive stimuli 
are often referred to collectively as exposure therapy. A popular and controversial therapy 
known as Eye Movement Desensitization and Reprocessing (EMDR) is now thought to be a 
form of exposure therapy, and it is believed that the eye movements, once thought to be central 
to therapy, are irrelevant (Davidson & Parker, 2001).
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Fear, at least the unreasonable fear called phobia, is one of the curses of humanity. Yet 
good experimental research on fear in human volunteers is often diffi cult to do. An 
animal analog of human fear would be very useful, but where can you fi nd a good, re-
liable measure of fear in a laboratory animal?

Enter the laboratory rat. If a rat is trained to press a lever at a steady rate and you 
then give it an electric shock, it will stop pressing the lever momentarily and may even 
“freeze.” The stronger the shock, the more it suppresses the rate of lever pressing.

This is well and good, you say, but what does it have to do with studying learned 
fears? William Estes and B. F. Skinner (1941) provide an answer. They trained a rat to 
press a lever for food. When the animal was responding at a steady rate, they periodi-
cally sounded a tone; when the tone stopped, the rat received a shock. At fi rst, the 
tone had no noticeable effect: The rat continued to press the lever at the same rate. But 
after the tone and shock had been paired several times, the rat decreased its rate of le-
ver pressing when it heard the tone and did not resume its previous rate of activity un-
til after it received the shock. Note that the rat’s activity had absolutely no effect on the 
appearance of the tone or the delivery of the shock, yet the tone clearly reduced lever 
pressing. This reduction in the rate of ongoing behavior due to exposure to an aversive 
CS is called conditioned suppression.

Conditioned suppression provides a convenient measure of fear. The more lever 
pressing is suppressed by the conditional stimulus, the greater is the rat’s fear. Once 
fear is defi ned in this objective manner, it can be studied in a systematic way. We 
could, for example, study the effects of reducing shock intensity on the level of fear. If 
there is less conditioned suppression, then weaker shocks induce less fear. Or we could 
put alcohol in the rat’s water and see whether fearful rats drink more. All sorts of ques-
tions about the nature and treatment of fear can be answered with the conditioned 
suppression procedure.

Conditioned suppression takes on even greater importance once you realize that 
the phenomenon seems to occur in people as well as in rats. Little Albert, for example, 
not only cried at the sight of the rat, he also stopped playing with blocks or whatever 
he happened to be up to at the moment. Charles Ferster and S. A. Culbertson (1982) 
extrapolate beyond these data to everyday experiences: “The same process,” they 
write, “appears to operate when a person suddenly loses a job or when a close relative 
dies. One is likely to stop playing sports that one otherwise enjoys, eat less than one 
customarily does, and be disinclined to talk to people, except about the loss one has 
just experienced or about one’s discomfort” (p. 115).

Sometimes you can learn a lot from a rat.

What Rats Can Teach Us About Fear

desensitization, a procedure in which a phobic person imagines a very weak 
form of the frightening CS while relaxed (Wolpe, 1973). The most recent varia-
tion of counterconditioning involves the technology called virtual reality.

Virtual reality technology creates a highly realistic electronic simulation 
of an environment with which a person can interact. Realistic simulations 
have been used for years for training purposes. For example, military and 
commercial airline pilots have for decades honed their skills in fl ight 
 simulators. But in recent years, new technology has made it practical to use 
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interactive simulations for therapeutic purposes. Although virtual reality 
technology will likely be used to treat many kinds of behavior disorders, at 
present it is most often used to treat phobias.

Barbara Rothbaum and her colleagues (1995) conducted the fi rst controlled 
experiment using virtual reality exposure therapy (VRET) to treat phobias. In 
their study, people with a fear of heights wore a kind of helmet that provided 
computer-simulated scenes. While in an office, they walked on nonexistent 
footbridges and outdoor balconies of varying heights and went up a glass ele-
vator that could ascend 50 fl oors. The treatment involved exposing the sub-
jects to low-level fearful stimuli in the absence of any real danger. When a 
subject felt comfortable walking on a low virtual bridge, he or she would walk 
on a higher bridge. The result of the procedure was a marked reduction in fear 
of heights. In fact, most people who completed treatment voluntarily exposed 
themselves to situations that had once been frightening, though they were 
not asked to do so.

In another study, Rothbaum and her colleagues (2000) applied VRET to 
treat a fear of fl ying, a problem that afflicts about 25 million adults in the 
United States (Deran & Whitaker, 1980, reported in Rothbaum et al., 2000). In 
this study, Rothbaum’s group compared virtual reality treatment with simi-
lar treatment using real airplanes. They found no difference in effectiveness 
between the two treatments, but people in both treatment groups fared sub-
stantially better than those in a no-treatment control group. Treated subjects 
reported less anxiety about fl ying, and far more of them actually fl ew after 
treatment than did those in the control group (see Figure 4-1). By six months 
following the end of treatment, 93% of those who had received treatment had 
fl own in a plane.
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Figure 4-1 Fear of fl ying. At the conclusion of the treatment phase all subjects (Ss) had 
the opportunity to fl y on a plane. Of the 15 people in each group, only one control S fl ew, 
while 8 and 10 people in the counterconditioning groups (VRE and SE) did. (Compiled 
from data in A Controlled Study of Virtual Reality Exposure Therapy for the Fear of 
Flying, by B. O. Rothbaum, L. Hodges, S. Smith, J. H. Lee, and L. Price, 2000, paper 
presented at meeting of the American Psychological Association, Washington, DC, 
August.)
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H. G. Hoffman (Carlin, Hoffman, & Weghorst, 1997; Hoffman, 2004) and 
his colleagues at the University of Washington in Seattle used VRET to treat a 
woman with a severe spider phobia. The woman, referred to by the code name 
Miss Muffet, had seen her fear of spiders increase over a 20-year period. In 
that time she had also developed compulsive rituals to deal with her fear. For 
example, after washing clothes, she would seal them in plastic bags to ensure 
there would be no spiders on them when she put them on. She routinely fumi-
gated her car to kill any spiders that might have taken up residence there. Ev-
ery night before retiring she would search the bedroom for spiders and then 
seal the windows with duct tape to prevent spiders from coming in during the 
night. When she began to be afraid to leave the house, she fi nally sought help.

 Query 2: What is VRET?

Help came in the form of SpiderWorld, a virtual environment in which the 
client explores a kitchen with cabinet doors that he or she can open and close. 
In the kitchen there is a large virtual spider, a tarantula. Miss Muffet’s treat-
ment required her to complete a series of increasingly difficult tasks. She re-
peated each task until she could do it without discomfort, then moved on to 
the next, slightly more difficult task. After ten one-hour sessions, Miss Muffet 
showed a sharp reduction in her fear of spiders. She was even able to hold a live 
tarantula in her hand. There was also a sharp reduction in her spider rituals. 
No treatment is highly effective with everyone, but of 23 phobia clients Hoff-
man and his colleagues treated, 19 reported a signifi cant reduction in fear.

VRET has been used to treat other phobias (e.g., fear of public speaking, 
Anderson, Rothbaum, & Hodges, 2000; Anderson et al., 2003) and other kinds 
of anxiety disorders, including posttraumatic stress disorder (PTSD). One VR 
program treats PTSD in Vietnam veterans (Rothbaum et al., 2001), and another 
is designed to help survivors of the Twin Towers attacks of September 11, 2001 
(see Difede & Hoffman, 2002).

Although VRET is defi nitely “high tech,” its use in treating phobias is 
fundamentally the same therapy Mary Cover Jones used to help Peter over-
come a fear of rabbits.5 Many people do not realize that this most modern of 
therapies is based on conditioning principles established by Pavlov more than 
a hundred years ago.

 REVIEW For most people, the word conditioning brings to mind a dog salivating at the 
sound of a bell, but the same procedures that Pavlov made famous have en-
hanced our understanding of a number of areas of human behavior. Watson 
demonstrated that human emotions are largely due to conditioning. Condi-
tioned emotional responses include Albert’s fear of white rats and the fears 
many people have of heights, snakes, and other parts of their environment. 
Conditioning can be used to alleviate many unreasonable fears.

5For more information, go to www.e-therapy.info or www.virtuallybetter.com. Some of the 
people doing research on virtual reality therapy may have a vested interest in the success of the 
technology, so a degree of skepticism may be warranted.

www.e-therapy.info
www.virtuallybetter.com
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Prejudice
To be prejudiced is, in its most general sense, to prejudge, to judge before one 
has the relevant facts. The word is most often used, however, to refer to nega-
tive views about a person or group; in everyday parlance, to be prejudiced is to 
hate.

Hate is another of those conditioned emotional responses Watson identi-
fi ed. We seem to learn to hate people and things in much the same way that 
we learn to fear them. This notion is supported by some brilliant experiments 
by Arthur and Carolyn Staats. Their basic strategy was to pair a neutral word 
with one that was presumably a CS for a positive or negative emotional re-
sponse. In one study (Staats & Staats, 1958), college students watched as eth-
nic words, such as German, Italian, and French, fl ashed on a screen. At the 
same time, the students repeated words spoken by the experimenter. The ex-
perimenters paired most of the nationalities with unemotional words such as 
chair, with, and twelve; they paired the words Swedish and Dutch, however, 
with more potent words. For some students, they paired Dutch with gift, sa-
cred, happy, and other positive words, while they paired Swedish with nega-
tive words such as bitter, ugly, and failure. For other students, this procedure 
was reversed: Swedish appeared with pleasant words and Dutch with unpleas-
ant ones. Afterward, the students rated each nationality on a scale. These 
 ratings showed that the feelings aroused by the words Swedish and Dutch de-
pended on the emotional value of the words with which they had been paired. 
For example, when the word Dutch had appeared with positive words such as 
happy and sacred, it got a more positive rating than when it appeared with 
negative words such as bitter and ugly (see Figure 4-2).6 

It seems reasonable to suppose that much of the prejudice directed toward 
certain ethnic, racial, and religious groups is a result of naturally occurring 
conditioning resembling the Staats and Staats experiment. Even factually 
 accurate statements, such as, “On September 11, 2001, Muslim extremists 
 hijacked two planes and fl ew them into the World Trade Center, killing thou-
sands of people,” pair emotionally charged words (hijacked, killing) with the 
words designating a particular group (Muslim) and are likely to affect our feel-
ings toward members of that group. You could argue that the Staatses estab-
lished certain words as conditional stimuli, not the people those words repre-
sent. But there is evidence (e.g., Williams, 1966; Williams & Edwards, 1969) 
that the two are related, that if the word Arab is paired with words like terror-
ists and killing, this pairing will affect how we react toward Arabs as well as 
toward the word Arab. Indeed, these words were frequently paired following 
the violent attacks against the United States by Arab extremists on Septem-
ber 11, 2001, and it is probably not a coincidence that assaults against Arabs 
in the United States increased markedly thereafter. Similarly, if the words 
Negro, Republican, Black, Irish, White, and communist are paired with words 

6Please note the similarity of this study with the one described in Chapter 3 in which Staats 
and Staats paired nonsense syllables, such as YOF, with positive and negative words. You may 
have thought that study was silly; important research often seems silly—until we see the 
implications.
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that arouse hate, we can expect those words, and the people they represent, to 
arouse hate as well.

Information is often offered as a cure for prejudice. People hate, it is said, 
because they are ignorant of the facts; provide them with the facts, and their 
hate will die. But if prejudice is largely the product of conditioning (and the 
evidence suggests it is), facts alone are unlikely to be an effective antidote for 
hate. A related tactic is to put the prejudiced person in contact with people in 
the groups he hates. But this tactic may be weak against a prejudice that is 
the result of a lifetime of conditioning (Horowitz, 1936).

 Query 3: Prejudice is an example of a CER, or   .

Yet we may be able to counter “hate training” with “love training.” If the 
word Arab (or Muslim) is often paired with negative words, such as fanatic, 
cowardly, and murderers, and with other negative stimuli, such as images of 
Arabs killing innocent people, then hatred for Arabs is likely. If, however, 
Arab is sometimes paired with positive words, such as charitable, religious, 
and peace-loving, and with other positive stimuli, such as images of Arabs 
condemning violence, then the infl uence of the negative associations will be 
weakened. Lyricist Oscar Hammerstein reminds us, in the musical play South 
Pacifi c, “You’ve got to be carefully taught.” Whether we feel love or hate is 
largely a matter of the kind of education, mostly conditioning, we receive.

 REVIEW Prejudice is another kind of conditioned emotional response. Carolyn and Ar-
thur Staats demonstrated that higher-order conditioning could account for the 
acquisition of likes and dislikes toward ethnic groups, including groups with 
which we have not had direct contact.
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Figure 4-2 Conditioned prejudice. For subjects in Group 1, Dutch was paired with 
pleasant words, while Swedish was paired with unpleasant words. In Group 2, the proce-
dure was reversed. After training, subjects rated the words Dutch and Swedish from 
pleasant (1) to unpleasant (7). The ratings refl ect the words with which Dutch and Swed-
ish had been paired. (Compiled from data in Staats and Staats, 1958.)
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Advertising
Pavlov’s laboratory is a long way from Madison Avenue, but advertising agen-
cies are very interested in the emotional reactions people have to objects. They 
are particularly interested in making objects arouse feelings of fondness, on 
the reasonable assumption that people are apt to buy things they like.

Advertisements regularly pair products with stimuli that reliably elicit 
positive emotions. In television commercials, for example, a particular brand 
of beer will be associated with attractive people having a good time. There 
will be no mention of alcoholism or fetal damage caused by alcohol consump-
tion, no scenes of fatal car accidents, no photographs of battered women who, 
after drinking, fell victim to date rape. We see only young, healthy, attractive 
people holding beer bottles and having a good time. Or a product may be 
paired with praise from a celebrity. No doubt some women get goose bumps at 
the sight of George Clooney. If Clooney waxes eloquent on the value of a par-
ticular brand of mouthwash in a TV commercial, some of his fans may get 
goose bumps (or something close to it) when they see that product in the store. 
Manufacturers now do the same sort of thing when they pair one of their suc-
cessful products with a new product, a practice marketers call cobranding 
(Grossman, 1997). Another technique is to pair competing products with 
items that arouse negative emotions. A competitor’s trash bag, for example, 
may be shown falling apart, leaving garbage all over the kitchen fl oor.7

Some pharmaceutical companies now give names to clinical trials re-
search that they sponsor so that they have appealing acronyms, such as MORE 
(short for Multiple Outcomes of Raloxifene Evaluation; see Goodman, 2001). 
Such acronyms may be referred to again and again in scientifi c meetings, in 
workshops for physicians, and in literature used to market the product. If 
MORE or HOPE or CURE is repeatedly paired with a product name, the good 
feelings that these words engender may infl uence what doctors recommend 
and patients use.8

Do such techniques really induce us to like the advertised item? The mil-
lions of dollars spent by manufacturers on advertising certainly suggest that 
they think so, and research suggests that they are right. For instance, in one 
experiment (reported in Kiviat, 2007), people tasted peanut butter from three 
different jars. Seventy-fi ve percent of them liked the peanut butter from the 
jar with the brand name label on it—but all three jars had the same kind of 
peanut butter. In a similar experiment, children preferred the french fries and 
chicken nuggets from a McDonald’s package over those from other packages, 
though the food was the same. Such experiments suggest that the pairing of 
popular names and images with food affect the way people respond to food.

Gerald Gorn (1982) conducted an experiment in which college students 
listened either to a tune from the fi lm Grease or to classical Indian music. 
(Gorn assumed that the students would enjoy the popular American music 
more than the unfamiliar Eastern variety.) While listening to the music, the 

7The same basic procedures are used to “sell” a political candidate during a campaign. In recent 
years the emphasis has been on “negative ads,” those that pair the candidate’s opponent with 
stimuli that are likely to arouse negative emotions.
8Not everyone in drug marketing has grasped this concept, however. While browsing  Medscape.
com, I encountered a drug trial called Trial of Org 10172 in Acute Stroke Treatment, the acro-
nym of which is TOAST.
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students viewed a slide showing either a beige or a blue pen. Later, the stu-
dents were allowed to have one of the pens. Of those students who had lis-
tened to the popular music, 79% chose a pen of the same color they had seen 
while listening to the music; 70% of those who had listened to the Indian mu-
sic chose a pen different in color from the one they had seen on the slide.9

In another experiment, Elnora Stuart and her colleagues (Stuart, Shimp, & 
Engle, 1987) had college students view a number of slides. Some of the slides 
depicted various fi ctitious products (e.g., Brand V candy, Brand R cola); others 
depicted a variety of scenes that were known either to be neutral (e.g., a radar 
dish, a license plate) or to arouse positive feelings (e.g., a mountain waterfall). 
For some students (the conditioning group), scenes that aroused good feelings 
regularly followed Brand L toothpaste; for the other students, the scenes that 
followed Brand L toothpaste were almost always neutral. The researchers eval-
uated the students’ feelings about Brand L toothpaste with four rating scales 
at the conclusion of the study. The result was that students in the condition-
ing group rated Brand L toothpaste more positively than did students in the 
control group. Moreover, the more times the toothpaste and pleasant scenes 
appeared together, the more positively the students felt about the product (see 
Figure 4-3). Students in the conditioning group were also much more likely 
than controls to indicate a willingness to buy Brand L toothpaste, should it 
become available.

Similar experiments have not always shown conditioning effects (e.g., 
Allen & Madden, 1985), but evidence does suggest that ad agencies are correct 
in believing they can induce people to feel good about, and want, a product by 
pairing that product with stimuli (pleasant music, attractive people, and the 
like) that make them feel good (see Grossman & Till, 1998). They are also 
probably wise to avoid pairing their products with things that make viewers 
uncomfortable. Companies routinely pull ads when a TV news program is 

9Note the similarity of this study to those of Staats and Staats earlier in this chapter and in 
Chapter 3.
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Figure 4-3 Conditioning and brand appeal. Mean ratings of Brand L toothpaste as a 
function of number of trials for control group (light bars) and conditioning group (dark 
bars). Higher ratings indicate more positive feelings. (Compiled from data in Stuart et al., 
1987.)
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 going to air a graphic segment on a massacre or a topic such as sexual preda-
tors or terrorism. People who see ads for Super Clean Soap while watching a 
program in which people are tortured probably do not think of torture when 
they see the soap. But the negative emotional response (disgust or fear, for ex-
ample) to the torture carries over to things connected with it—including any 
products or services that may have been advertised just prior to the objection-
able scenes.

 Query 4: Advertisers pair their products with items that arouse  .

Of course, the use of conditioning procedures to sell products began long 
before Pavlov began his studies on salivating dogs. In the 1800s, for example, 
the manufacturers of a medicine for gonorrhea called their product Listerine, 
thereby pairing it with Joseph Lister, a highly regarded physician of the time 
(Marschall, 1993). What researchers have contributed is not so much new mar-
keting techniques as a better understanding of the role conditioning plays in 
consumer behavior.

 REVIEW Advertising can be viewed as the business of creating conditioned emotional re-
sponses toward products. One way marketing experts do this is by pairing 
products they want to sell with items that already arouse positive emotions.

Harper’s Magazine (“Chickens of the Sea,” May 1992) published an excerpt from a 
training manual used by tour guides at Sea World in Orlando, Florida. The manual 
warns that “certain words and phrases have negative connotations.” It advises guides 
to avoid these words and offers substitutes:

Suspect Word Recommended Word
sick ill
hurt injured
captured acquired
cage enclosure
tank aquarium
kill eat, prey upon

The negative connotations Sea World is eager to avoid were probably acquired 
along the lines suggested by Staats and Staats. It seems likely that the word captured is 
more often paired with negative words, such as kill, enslave, and torture: People are 
captured and killed, captured and enslaved, captured and tortured. The word acquired, 
on the other hand, is often paired with positive words: People acquire wealth, learn-
ing, and prestige.

This notion might be tested by asking people to say the fi rst word that comes to 
mind as each of Sea World’s taboo words is read aloud. Chances are the words Sea 
World wants its guides to avoid will produce more negative responses than the recom-
mended replacements.

Bite Your Tongue!
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The Paraphilias
Sigmund Freud said that people are “polymorphously perverse,” meaning that 
they can achieve sexual pleasure in a great many ways. Society approves of 
some of these activities and disapproves of others.10 Items on the disapproved 
list are widely considered perverse or unnatural and are called paraphilias. 
(Paraphilia literally means “incorrect love.”) They include voyeurism (view-
ing a person who is nude or partially clothed or who is engaging in sexual ac-
tivity), exhibitionism (displaying one’s genitals to another person without his 
or her consent), fetishism (an attraction to certain objects or body parts, such 
as the feet), transvestism (wearing the clothes of the opposite sex; also called 
cross-dressing), sadism (infl icting pain on a sexual partner), masochism (be-
ing humiliated or hurt by a sexual partner), pedophilia (sexual activity with a 
prepubescent child), and rape (having intercourse with a person without the 
person’s consent). Various studies, many involving college students, have 
shown that the paraphilias are more common than many people would like to 
think. A survey of 60 undergraduate males found, for example, that 2% re-
ported exhibitionistic behavior, 5% had forced someone to have sex, and 42% 
had participated in voyeuristic activities (Templeman & Stinnett, 1991). 
 Another study found that one in fi ve male college students reported being 
sexually attracted to children. The paraphilias are uncommon in females 
(Feierman & Feierman, 2000).

Thanks to Freud, many people believe that the tendency to become sexu-
ally aroused in unconventional ways is due to mysterious unconscious forces. 
The masochist’s behavior, for example, is said to be driven by a death wish or 
by a need to suffer degradation and pain as a way of doing penance for Oedipal 
urges. Although different paraphilias may have different origins, there is no 
scientifi c evidence for the Freudian explanations. There is evidence, however, 
that learning plays a strong role.

Consider masochism, for example. The masochist is sexually aroused by 
being subjected to painful or degrading experiences. One masochistic man, 
for example, wrote in his diary, “Debbie spanked me so hard I was burning. 
My skin was blistered in certain parts. . . . I need Debbie” (Pipitone, 1985; em-
phasis added). How does a person come to experience sexual pleasure when 
exposed to what are normally aversive events?

Pavlov described an experiment that may offer an answer. In this experi-
ment, Pavlov followed an electric shock with food. Incredibly, the dog soon 
salivated in response to the shock, just as it might have salivated in response 
to a bell. In other words, the shock became a CS for salivating. Other dogs 
learned to salivate in response to other painful stimuli, such as pinpricks. 
What is even more astonishing is that these stimuli seemed to lose their aver-
sive qualities. Pavlov (1927) wrote that

not even the tiniest and most subtle objective phenomenon usually ex-
hibited by animals under the infl uence of strong injurious stimuli can be 
observed in these dogs. No appreciable changes in the pulse or in the 
respiration occur in these animals, whereas such changes are always 

10What is considered abnormal behavior varies from time to time and from society to society. In 
the Greece of Plato’s day, homosexuality (at least among males) was quite acceptable. By con-
trast, until a few decades ago the mental health community in the United States considered 
homosexuality a form of mental illness. Now it is increasingly acceptable.
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most prominent when the noxious stimulus has not been converted into 
[a CS for salivating]. (p. 30)

Pavlov’s dogs behaved as if they actually enjoyed what were once painful stim-
uli! It is possible that masochism has a similar origin. If painful or degrading 
experiences are repeatedly paired with pleasurable sexual stimulation, the 
aversive stimuli might themselves become sexually arousing. It is easy to see 
how analogous experiences might contribute to the development of other un-
conventional sexual activities.

 Query 5: The repeated pairing of children (or pictures of children) with 

 might result in pedophilia.

Pavlovian conditioning also provides a basis for treatment of paraphilia. 
One such treatment is called aversion therapy. A CS that elicits inappropriate 
sexual arousal is paired with a US that elicits an unpleasant response (often 
nausea).11 When such therapy is effective, the stimuli that once elicited sexual 
arousal no longer do so and may even elicit feelings of anxiety and 
discomfort.

A fairly typical example of aversion therapy is provided in a case study re-
ported by N. I. Lavin and colleagues (1961). They used aversion therapy to treat 
a married man who was sexually aroused by dressing in women’s clothing. 
His interest in cross-dressing began when he was 8 years old; in adolescence, 
his masturbation always accompanied cross-dressing fantasies. Even after 
marrying, he continued to seek sexual stimulation by dressing in women’s 
clothing. He sought treatment at age 22 after his wife discovered his idiosyn-
crasy and urged him to get help. He was also worried that others might dis-
cover his secret.

When he asked for help, the therapists began by taking photographs of 
him in female dress. Next they gave him an emetic drug, and just as it began 
to make him nauseated, they had him look at the slides of himself in wom-
en’s clothing. He also heard a tape of himself, recorded earlier, in which he de-
scribed what the slide showed. The slides and recorded voice were repeatedly 
paired with nausea. As the training sessions proceeded, cross-dressing had 
less and less appeal. After six days of very intensive treatment, the young 
man showed no further interest in cross-dressing. A follow-up several years 
later found no evidence of a recurrence of the problem.

In a variation of this procedure, Barry Maletzky (1980) has the patient 
imagine that he is about to perform the inappropriate behavior and then pre-
sents him with an extremely unpleasant odor.12 In one experiment, Maletzky 
treated ten exhibitionists in this way. Just as the patient imagined that he was 
about to expose himself, the therapist held a bottle of a foul-smelling acid un-
der the patient’s nose. (The odor was described by patients as a cross between 

11The question arises, Who decides what is “inappropriate”? Probably in most cases the decision 
is made by the individual being treated, although this may be under pressure from family, 
friends, or an employer. Sometimes people are pressured into treatment by the criminal justice 
system. In any case it is not normally the therapist’s decision.
12Maletzky (1980) calls the procedure assisted covert sensitization and considers it a variation 
of Cautela’s (1966) covert sensitization. Both procedures, however, may be viewed as variations 
of aversion therapy.
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rancid butter and dirty gym socks.) The patient went through these sessions 
twice a month for an average of about three months. The result was a  dramatic 
decline in the incidence of exhibitionism. Not only did the patients report 
fewer instances of exhibitionistic fantasies and dreams, but claims of im-
proved behavior were corroborated by police reports and fi eld observations. 
The men also expressed increased self-confi dence and self-esteem. Some of 
the patients were referred for treatment by legal authorities and may have been 
in therapy involuntarily; this made no difference in the results. A follow-up 
12 months after treatment found no occurrences of exhibitionism.

This is not to say that the paraphilias always respond well to treatment. 
In fact, these problem behaviors tend to be particularly resistant to all forms 
of treatment, and relapse is common. Pedophilia and rape are especially prob-
lematic. Even when treatment is effective, “booster” sessions (periodic re-
treatment) are often required to maintain the initial gains. Still, many people 
might be helped by one form or another of conditioning therapy.

Because aversion therapy involves the use of noxious stimuli, such as 
emetic drugs and foul-smelling solutions, it is often depicted as an abomina-
tion, like something from the pages of Orwell’s depressing science fi ction 
novel 1984. Critics often cite the use of aversion therapy in the fi lm A Clock-
work Orange, in which a psychopathic rapist is treated with a harsh form of 
aversion therapy, as evidence that this is a dangerous and offensive form of 
treatment. It is important to realize, however, that clients typically volunteer 
for aversion therapy, often after other treatments have failed.

Whether pedophiles and rapists, who seldom volunteer for any form of 
treatment, should be compelled to undergo aversion therapy is a question for 
society to debate. Other treatments, based on medical interventions rather 
than learning, have their own problems.

For example, according to Feierman and Feierman (2000), surgical castra-
tion has been effective in treating several paraphilias. It has recidivism rates 
of only 3% to 5%, far better than aversion therapy. But it is obviously an irre-
versible and highly invasive procedure, and it seems far more objectionable 
than aversion therapy. It is even more controversial than aversion therapy and 
is rarely used in the United States. The use of drugs to suppress testosterone 
levels, a procedure called chemical castration, also can be effective in reduc-
ing sexual offenses (Cordoba & Chapel, 1983), but ensuring that the offender 
takes the drug presents problems.

Some people disapprove of aversion therapy on the grounds that if we be-
come accustomed to using it to treat criminal behavior, we might gradually 
embrace it to bring all sorts of unconventional people “into line.” We might 
use it to suppress the activities of people who are merely idiosyncratic or un-
usually creative. Certainly aversion therapy has the potential for abuse. So 
has morphine, an excellent means of relieving pain, but we do not ordinarily 
reject effective treatments merely because they could be misused. And while 
it is appropriate to worry about the rights of sexual offenders, we might, as a 
society, also consider the rights of potential victims.

 REVIEW Conditioning can help us understand how various forms of sexual behavior, in-
cluding those generally considered unhealthy, are established. It also suggests 
ways of changing some of those behaviors.
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Taste Aversions
Eating is essential to survival, but it is also dangerous. Some attractive sub-
stances are tasty and quite nutritious; others can kill. It would be very helpful 
if we had an innate tendency to avoid eating dangerous substances, but for the 
most part such behavior is learned. But how?

Much of the groundbreaking research on this problem was done by John 
Garcia and his colleagues. His interest in the topic may have stemmed from a 
personal experience: When Garcia was 10 years old, he had his fi rst taste of 
licorice. Several hours later, he came down with the fl u. After he recovered, 
he found he could no longer tolerate licorice (see Nisbett, 1990). Of course, the 
licorice did not make Garcia sick, but he had formed an aversion to licorice 
all the same.

There was nothing new about this; many people had had similar experi-
ences. The English philosopher John Locke (1690/1975, cited in Garcia, 1981) 
noted that a person who eats too much honey may later feel ill merely at the 
mention of the word.13 What was new about Garcia was that he realized that 
this common phenomenon deserved study.

In one of his fi rst studies, Garcia and his colleagues (1955) gave rats a 
choice between ordinary tap water and saccharin-fl avored water. The rats pre-
ferred the sweet-tasting water. Then Garcia exposed some of the rats to 
gamma radiation while they drank the sweet-tasting water. (Irradiation is a 
US for nausea.) These rats later avoided saccharin-fl avored water. Moreover, 
the higher the radiation level the rats were exposed to, the stronger their 
avervsion to sweet water (see Figure 4-4). Presumably, sweet water had be-
come a CS for nausea; in other words, its taste made the animals sick. The 
rats had acquired a conditioned taste aversion.

 Query 6: In the Garcia experiment just described, the CS is   , and 

the US is   .

Garcia’s study differs from Pavlov’s work, and from most other research 
on conditioning, in two important ways. First, the CS and US were paired 
only once, whereas most studies of conditioning involve many pairings. Sec-
ond, the interval between the CS and US was several minutes; in most studies 
successful conditioning requires an interval of no more than several seconds. 
The situation was, however, analogous to Garcia’s boyhood experience with 
licorice: One exposure to licorice followed much later by illness resulted in 
an aversion to licorice.

Foods that can make an animal ill might also kill it or make it vulnerable 
to attack or disease, so one-trial learning can mean the difference between life 
and death. The person who has a narrow escape and thereafter avoids eating 
that food is more likely to survive than one who must have 10 or 15 narrow es-
capes before he or she learns the lesson. Further, the effects of poisonous foods 
are often delayed, sometimes for several hours. The person who acquires an 

13According to Campos (1984), the Spanish philosopher Juan Luis Vives (identifi ed as Johannes 
Vives by Campos) wrote about a similar experience with cherries in 1538. Although virtually 
unknown among psychologists, Vives is considered by some experts to be the father of the fi eld 
of taste aversion (Padilla, 2000).
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aversion to a toxic food despite such delayed effects has a distinct advantage 
over one who learns only if he or she becomes ill immediately after eating. 
Thus, the ability to acquire taste aversions quickly and in spite of long delays 
between eating and illness would seem to have considerable survival value.
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Figure 4-4 Conditioned taste aversion. Saccharin-fl avored water consumed as a per-
centage of total water consumption. Exposure to radiation while drinking saccharin-
 fl avored water produced an aversion to sweet-tasting water. (Compiled from data in 
Garcia et al., 1955.)

We are all increasingly concerned about the use of toxic chemicals on our food, but 
fi nding economical alternatives is diffi cult. What else can the farmer do to keep down 
weeds except spray them with poison? One answer: Hire sheep.

Morgan Doran and his colleagues at the University of California in Davis trained 
sheep to avoid eating grape plants while grazing on weeds (Trained Sheep Graze, 
2007). Using procedures developed by Fred Provenza of Utah State University (e.g., 
Provenza, Lynch, & Nolan, 1993), Doran used Pavlovian conditioning to enlist the help 
of sheep in controlling vineyard weeds without damaging the grape vines themselves.

First the researchers let sheep eat grape leaves. Then they gave the animals a small 
dose of lithium chloride, a drug that causes mild nausea. After this, they turned the 
sheep loose in a vineyard. The animals were free to eat whatever they wanted, but 
they avoided eating the grape vines and fi lled up on weeds. They had acquired an 
aversion to the taste of grape plants.

With sheep as weed eaters, farmers avoid the cost and health risks of herbicides 
and produce a safer product for consumers. Sheepherders with trained animals get free 
food for their animals and might receive a fee from the grape farmer for weeding their 
orchard. The same four-legged technology might serve as well in other settings, such 
as orchards and even crop farms.

Sheep, nature’s weed eaters; effi cient and so much quieter than mechanical 
Weedeaters.

Sheep: Nature’s Weed Eaters
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Numerous studies support this view. Lincoln Brower (1971) has studied 
taste aversion in the blue jay, which feeds on all sorts of insects, including 
butterfl ies. In the larval stage, the monarch butterfl y sometimes feeds on a 
kind of milkweed that is harmless to the monarch but renders it poisonous to 
other animals; it retains its poison in the butterfl y stage. Blue jays generally 
refuse to eat monarch butterfl ies, but this tendency is not innate. If deprived 
of food for some time, the blue jay will eat a monarch, and if the insect is not 
poisonous, the bird will continue eating them. The jay quickly recovers its 
aversion, however, as soon as it eats a poisonous monarch. Sometimes, such 
jays later vomit at the sight of a monarch butterfl y.

The phenomenon of latent inhibition (see Chapter 3) suggests that we 
should be more likely to develop aversions to novel foods than to familiar 
ones. This seems to be the case. Alexandra Logue and her colleagues (1983) 
found that many people have conditioned taste aversions, most of them trace-
able to illnesses following eating. But the researchers found that these 
 aversions generally involved foods with which the person had had little expe-
rience before becoming ill. An alcoholic whose preferred intoxicant is beer 
might, for instance, acquire an aversion to whisky but not beer. Or a person 
who rarely eats Mexican food might develop an aversion to salsa, but not to 
the Italian pasta he eats almost daily. Thus, becoming ill after eating a kind 
of food we have eaten many times before is not likely to result in a taste 
aversion.

Conditioned taste aversions are sometimes the by-products of certain 
types of medical treatment. Many forms of cancer are treated with chemo-
therapy, a therapy that can cause nausea (Burish & Carey, 1986). Chemother-
apy patients often develop “anticipatory nausea”—they begin to feel  nauseated 
even before they receive the drug (Morrow & Dobkin, 1988; Redd & Andresen, 
1981). Ilene Bernstein (1978) wondered whether such experiences produced 
conditioned taste aversions. To fi nd out, she studied children undergoing 
treatment for cancer. She asked the children about their diets and found that 
those who were undergoing chemotherapy were more likely to report taste 
aversions than were those not undergoing chemotherapy.

Bernstein thought the chemotherapy might be responsible, so she per-
formed an experiment to fi nd out. She divided the children into three groups, 
two of which are of particular interest. One group ate a novel-fl avored ice 
cream, a combination of maple and black walnut fl avors, before their regular 
chemotherapy treatment. The second group had ice cream but no chemother-
apy. Two to four weeks later, the children were given a choice between eating 
the maple-walnut ice cream and playing a game. Of those who ate ice cream 
before chemotherapy, only 21% chose the ice cream; of those who had ice 
cream but no chemotherapy, 73% chose the dessert.

Such research suggests that chemotherapy may play a role in establishing 
taste aversions. Because good nutrition is especially important for cancer pa-
tients, taste aversions may pose a serious problem for patients undergoing che-
motherapy. They may, as the result of Pavlovian conditioning, experience 
nausea in response to many foods that have been paired with treatments that 
cause nausea. Thus, the learning that is so benefi cial under ordinary circum-
stances is a hindrance under these special circumstances. However, an under-
standing of the role of conditioning in taste aversions may help reduce the 
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problem. It might be wise, for example, for people who are undergoing chemo-
therapy to eat something with a distinct taste, a food that does not make up 
an important part of the patient’s diet, shortly before each treatment. An aver-
sion to that particular food would develop, but the patient’s appetite for other 
foods might remain intact.

 REVIEW Conditioned taste aversions result from the pairing of distinctive fl avors and 
aversive (especially nausea-inducing) stimuli. Whereas the CS and US must 
normally appear close together for conditioning to be effective, taste aversions 
often occur even when the US is delayed for an hour or more. Research in this 
fi eld has not only helped us understand taste preferences but may also be use-
ful in dealing with certain practical problems, such as improving the diet of 
cancer patients.

Immune Function
The body’s efforts to heal injuries, remove toxins, destroy harmful viruses 
and bacteria, and generally fi ght to restore good health are collectively referred 
to as the immune system. Recent research has suggested that the immune 
system is susceptible to infl uence (both positive and negative) by Pavlovian 
procedures.

For the sake of illustration, let us look at an experimental demonstration 
of the role of conditioning in allergic reactions. An allergic reaction involves 
the release of histamines by the immune system in response to certain kinds 
of substances known as allergens. The histamines serve to rid the body of al-
lergens by attacking them at the molecular level and by expelling them from 
the body by, among other things, sneezing and coughing.

Researchers have long known that allergic reactions are not always due 
entirely to genetically based reactions to allergens. A hundred years ago, 
J. MacKinzie (reported in Russell et al., 1984) described the case of a patient 
who had an allergic reaction when presented with an artifi cial rose.

As a result of such reports, some scientists have wondered whether cer-
tain allergic reactions might be partly the result of conditioning. Michael 
Russell and his colleagues (1984) exposed guinea pigs to the protein BSA so 
they would be allergic to it. Next, the researchers paired BSA (now a US for an 
allergic response) with the odor of fi sh or sulfur. After several pairings, the 
guinea pigs were tested with the odors alone. The animals reacted with an 
immediate rise in blood histamine, a sure sign of allergic reaction. The odors 
had become conditional stimuli that elicited a conditional allergic response. 
In other words, the animals had become allergic to certain odors through Pav-
lovian conditioning. Russell suggests that, in the same way, a person who is 
allergic to a substance may become allergic to things frequently associated 
with it. Thus, the person who is allergic to tomatoes may break out in hives 
on eating something that has the taste, smell, or look of tomatoes, even 
though there are no tomatoes in it. Similarly, a person who is allergic to rose 
pollen may sneeze at the sight of a rose—even an artifi cial one.
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Conditioned allergic reactions might be assumed to be merely faint imita-
tions of “the real thing,” but Russell and his colleagues found that the hista-
mine levels produced in response to conditional stimuli in their experiment 
were nearly as high as those elicited by BSA. Thus, the person whose sneez-
ing, wheezing, and headache are due to a CS is not necessarily less miserable 
than the person whose symptoms are caused by exposure to an allergen.

Pavlovian conditioning may one day form part of the armament in the 
battle against cancer. The same chemotherapy used to combat cancer has also 
been found to suppress the immune system. This is a very unfortunate side 
effect because it not only reduces the body’s efforts to destroy the cancer but 
also makes the person vulnerable to other illnesses, particularly infectious 
diseases.

Pavlovian conditioning suggests that stimuli associated with chemother-
apy would, in time, also suppress the immune system, perhaps exacerbating 
the negative effects of chemotherapy. There is evidence that this is the case. 
Dana Bovbjerg and her colleagues (1990) at the Mount Sinai School of Medi-
cine in New York City found that women receiving chemotherapy for ovarian 
cancer showed decreased immune functioning when they returned to the hos-
pital for treatment (see Figure 4-5). Apparently, the hospital itself had become 
a CS for conditioned immunosuppression (i.e., suppression of the immune sys-
tem). This could mean that, because of conditioning, the treatment that is 
meant to help patients also hurts them (see also Ader & Cohen, 1975, 1993). 

Such fi ndings also raise the possibility that Pavlovian procedures can be 
used to boost the immune system. If a neutral stimulus can be paired with a 
drug or procedure that facilitates immune functioning, that stimulus might 
then become a CS for conditioned immunofacilitation.

 REVIEW Pavlovian conditioning has provided a new understanding of the immune sys-
tem. In the past, medical treatment of serious illness tended to ignore the im-
mune system; today, the emphasis is increasingly on facilitating the immune 
system. Through conditioning, we may one day be able to enhance the im-
mune response to help people fi ght off diseases such as cancer.

Figure 4-5 Conditioning and immune response. Combined measures of three immune 
responses at home and in the hospital where patients had received nausea-inducing che-
motherapy. (Compiled from data in Bovbjerg et al., 1990.)
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Drug Overdose Deaths
The deaths of drug abusers are often attributed to overdose. The assumption 
usually is that the person took a larger dose of the drug than his or her body 
could tolerate. But on many occasions the amount of drug that proves fatal is 
no larger than the dose the person routinely takes. How can this phenomenon 
be explained?

Basic research in Pavlovian conditioning suggests one answer. You will 
recall that Pavlov’s stimulus substitution theory suggests that the CR and UR 
are essentially the same, but research reveals differences. Not only is the CR 
typically weaker than the UR, it is sometimes just the opposite.

Shepard Siegel (1983) has suggested that in certain cases, notably those in-
volving addictive drugs, the conditional response prepares for the uncondi-
tional stimulus by compensating for the effects of the US. The unconditional 
response to morphine, for instance, includes decreased sensitivity to pain, but 
the CR to stimuli associated with morphine is increased sensitivity to pain 
(Siegel, 1975). In this case, the person prepares for the drug by suppressing the 
body’s response to it.

This means that when people repeatedly take a drug in a particular set-
ting, aspects of the setting may become CSs for reduced responses to the drug. 
Thus, the preparatory response idea accounts for the phenomenon of drug tol-
erance. It also predicts that drug tolerance will not occur if drugs are taken in 
the absence of the conditional stimuli.

This prediction has some empirical support. In one study, L. O. Lightfoot 
(1980) had male college students drink a substantial amount of beer in a 
30-minute period on each of fi ve consecutive days. The fi rst four drinking ses-
sions took place in the same location. On the fi fth day, some students drank 
beer in the familiar setting whereas others imbibed in a new place. All the 
students then took tests of intellectual and perceptual-motor skills after 
drinking. Those who drank in the familiar setting scored higher on the tests, 
indicating they were less inebriated, although they had had the same amount 
of alcohol. Evidently, stimuli previously associated with drinking had muted 
the effects of the alcohol. The novel setting lacked these CSs, so there was no 
preparatory CR and the alcohol hit with greater force.

Siegel’s theory may also account for certain cases of sudden death follow-
ing drug use. Such deaths are commonly attributed to accidental overdose, but 
sometimes they occur following a dose that, given the person’s history of drug 
use, should not have been fatal (Reed, 1980; Siegel, 1984). Anecdotal evidence 
suggests that the deaths are sometimes due to the absence of stimuli normally 
present during drug use. Siegel (1984) asked ten former heroin addicts who had 
nearly died following drug use about the circumstances surrounding their 
close call. In seven cases, there was something unusual about the near-fatal 
event. Two addicts had used different injection procedures, two had taken the 
drug in unusual locations, and so on. A woman who usually required two or 
more attempts at penetrating a vein nearly died after she injected herself suc-
cessfully on the fi rst try. Apparently, the unsuccessful attempts had become a 
CS that evoked a preparatory response. The absence of the CS meant no prepa-
ratory CR and a stronger, nearly fatal, reaction to the drug.

Laboratory research with animals supports the anecdotal data. Siegel and 
his colleagues (1982) gave three groups of rats, some of which had never re-
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ceived heroin before, a strong dose of the drug. The heroin-experienced rats 
received the test dose either in the same place they had received previous 
doses or in a novel setting. The results were clear-cut. The dose was lethal for 
96% of the inexperienced rats, but for experienced rats mortality depended on 
where they received the drug: Of those injected in a familiar environment, 
32% died; of those injected in a strange environment, 64% died.

These studies are interesting in their own right, but they are also impor-
tant to an understanding of what is learned during Pavlovian conditioning. 
When the US is food, the CR is salivation. When the US is an addictive drug, 
the CR is a reaction that subdues the effects of the drug. In each case, and in 
many other instances of conditioning, the CR prepares the individual for the 
US that is about to appear. Such studies demonstrate the adaptive value of 
Pavlovian conditioning.

 REVIEW It has been known for a long time that people on psychoactive drugs, especially 
narcotics, habituated to the drug, requiring larger and larger doses. But deaths 
from drug abuse were a mystery because the deaths often followed a dosage 
no stronger than the person was accustomed to taking. Many of these “over-
dose” cases now appear to be at least partly the result of Pavlovian condition-
ing. A slight change in the situation associated with drug use can, it seems, 
have disastrous results.

A Final Word
We have seen that Pavlovian conditioning provides insights into phobias, prej-
udice, advertising, the paraphilias, taste aversion, immune system function-
ing, and drug “overdose.” These applications of Pavlovian conditioning are 
representative, but there are many others, and more are being explored all the 
time. For instance, Diana Woodruff-Pak and colleagues (1996) found that peo-
ple who learned poorly through conditioning were much more likely than oth-
ers to develop dementia later. Thus, Pavlovian conditioning may be a useful 
way of identifying people in the earliest stages of dementia. This may become 
very important as early-stage treatments are developed. Other work suggests 
that people with autism or obsessive-compulsive disorder condition more rap-
idly, under certain circumstances, than other people (Tracy et al., 1999), so 
conditioning might be useful in assessing people with these disorders. Pavlov-
ian conditioning has also been suggested as a tool for studying disorders of 
attention and learning (Stanton & Gallagher, 1998) and in the treatment of 
cancer (McGuire, 1999; Morrow, 1989) and lupus (Siegel & Kreutzer, 1997).

The variety of applications of Pavlovian conditioning illustrates how im-
portant naturally occurring conditioning is to our daily lives and to the lives 
of most creatures. “The inborn refl exes by themselves,” wrote Pavlov (1927),

are inadequate to ensure the continued existence of the organism, espe-
cially of the more highly organized animals. . . . The complex conditions 
of everyday existence require a much more detailed and specialized cor-
relation between the animal and its environment than is afforded by the 
inborn refl exes alone. (p. 16)
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Our ability to be modifi ed by the association of stimuli also contributes 
in important ways to our individuality. Do you, for example, prefer jazz to 
classical music? Are you more comfortable alone than in large crowds? Does 
your blood boil when you see Ku Klux Klansmen marching in a parade? Do 
you feel a shiver up your spine when you hear the national anthem? Does 
reading Romeo and Juliet move you to tears or put you to sleep? When you 
hear rap music, do you sway in rhythm with the beat, or do you plug up your 
ears with cotton? All such reactions, and thousands of others that we think of 
as embedded in the very fi ber of our being, are not purely a matter of our ge-
netic makeup; they are to a great extent attributable to Pavlovian condition-
ing. Those who dismiss Pavlovian conditioning as a procedure for getting dogs 
to salivate at the sound of a bell clearly have a lot to learn.
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REVIEW QUESTIONS

 1. Defi ne the following terms and provide an example of each:
aversion therapy
conditioned emotional response
conditioned suppression
conditioned taste aversion
counterconditioning



116  CH A P TER FOUR

exposure therapy
systematic desensitization
virtual reality exposure therapy (VRET)

 2. Suppose your doctor advises you to eat liver, which you despise. How 
might you overcome your aversion to liver?

 3. You are the dietitian in charge of cancer patients at a hospital. How might 
you apply your knowledge of taste aversions to improve the health of your 
patients?

 4. Pavlovian learning usually requires CS–US intervals of no more than a 
few seconds. Taste aversion conditioning is an exception. Why does this 
exception exist?

 5. A man of about 85 named Albert walks into a psychologist’s office asking 
for help in overcoming an irrational fear of white, furry creatures. What 
can the psychologist do to help him?

 6. How can you increase the likelihood that your child will share your devo-
tion to jazz music?

 7. You are in charge of rehabilitating criminals convicted of various hate 
crimes. Can Pavlovian conditioning help?

 8. What do salivating dogs have to do with masochism?

 9. It has been said that people who have amorous encounters under clandes-
tine conditions are sometimes later unable to enjoy amorous experiences 
under more ordinary conditions. Explain why.

 10. What does the work of Staats and Staats lead you to predict about the 
backgrounds of Ku Klux Klan members?

 11. In what sense are psychosomatic illnesses caused by events outside the 
patient’s body?

 12. Invent a better term for the disorders known as psychosomatic illnesses.

 13. Why is it a mistake to speak of simple Pavlovian conditioning?

 14. What sort of procedure (trace, backward, etc.) did Garcia use in his experi-
ments on taste aversion?

 15. Why are people more likely to develop aversions to foods they have not of-
ten eaten?

 16. How is Pavlovian conditioning used to sell beer?

 17. What is the essential difference between the way Peter and Albert ac-
quired their fears?

 18. What is a euphemism? Why are euphemisms used?

 19. Many people hate groups of people with whom they have had no direct ex-
perience. How can Pavlovian conditioning account for these emotions?

 20. How has reading this chapter altered your view of Pavlovian conditioning?
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PRACTICE QUIZ

 1. The phenomenon of latent  suggests that we are 
more likely to develop aversions to novel foods than to familiar ones.

 2. People used to believe that children were instinctively afraid of fi re, ani-
mals, and many other things. John Watson and Rosalie  
found that many such fears were acquired through conditioning.

 3. The fi rst person to use counterconditioning to treat a phobia was prob-
ably   .

 4. The work of Staats and Staats suggests that prejudice may be partly the 
result of  -order conditioning.

 5. Dana Bovbjerg and her colleagues found that women receiving chemo-
therapy in a hospital later showed decreased functioning of their 

 system when they returned to the hospital.

 6. Gorn infl uenced product choice by pairing pens of a certain color with 
certain kinds of   .

 7. In  therapy, a stimulus that elicits an inappropriate 
response is paired with an aversive stimulus such as shock or an emetic 
drug.

 8. The pairing of a particular food with nausea-inducing stimuli often re-
sults in a conditioned   .

 9. Morgan Doran used conditioning to train sheep not to eat 
  .

 10. Masochism may be the result of pairing stimuli that cause 
 with those that cause   .

QUERY ANSWERS

Query 1. Albert became fearful of the rat because the arrival of the rat regu-
larly preceded a loud noise.

Query 2. Virtual reality exposure therapy, a form of counterconditioning.

Query 3. Prejudice is an example of a CER, or conditioned emotional 
response.

Query 4. Advertisers pair their products with items that arouse positive emo-
tions or positive emotional responses.

Query 5. The repeated pairing of children (or pictures of children) with sex-
ual stimulation might result in pedophilia.

Query 6. In the Garcia experiment just described, the CS is saccharin, and 
the US is radiation.
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Workbook Chapter 4 includes:

• Recall and thought exercises on fear, prejudice, and the other areas of application 
covered in this chapter

• Recommended reading on CERs and the suppression ratio in the Sniffy manual as 
well as conditioning exercises in Sniffy

Active Learning
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C H A P T E R

5
Reinforcement

BEFORE YOU BEGIN . . .

What role do consequences play in learning?

Can removing a stimulus produce learning?

Who was B. F. Skinner, and what were his contributions to learning?

How does learning from consequences differ from Pavlovian 
conditioning?

What kinds of consequences affect behavior?

How can consequences that strengthen existing behavior result in 
new forms of behavior?

What variables affect learning from consequences?

What happens to learned behavior when the consequences stop 
coming?

Why do some consequences strengthen behavior while others do not?

box: E. L. Thorndike: What the Occasion Demanded

box: B. F. Skinner: The Darwin of Behavior Science

Types of Operant Learning

Discrete Trial and Free Operant Procedures

Operant and Pavlovian Learning Compared

box: The Three Terms of Operant Learning

Kinds of Reinforcers

Shaping and Chaining

box: Tips for Shapers

Variables Affecting Reinforcement

Neuromechanics of Reinforcement

IN THIS CHAPTER . . .
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Nothing succeeds like success.

French Proverb 

About the same time Pavlov was trying to solve the riddle of the psychic 
refl ex, a young American graduate student named Edward Lee 
Thorndike was tackling another problem: animal intelligence.1 In the 

19th century, most people believed that higher animals learned through rea-
soning. Anyone who owned a dog or cat could “see” the animal think through 
a problem and come to a logical conclusion, and stories of the incredible tal-
ents of animals abounded. Taken together, these stories painted a picture of 
animal abilities that made some pets little less than furry Albert Einsteins. 
Thorndike recognized the impossibility of estimating animal abilities from 
this sort of anecdotal evidence: “Such testimony is by no means on a par with 
testimony about the size of a fi sh or the migration of birds,” he wrote, “for 
here one has to deal not merely with ignorant or inaccurate testimony, but 
also with prejudiced testimony. Human folk are as a matter of fact eager to 
fi nd intelligence in animals” (1898, p. 4).2 

This bias led people to report remarkable feats but not more ordinary, un-
intelligent acts. “Dogs get lost hundreds of times and no one ever notices it or 
sends an account of it to a scientifi c magazine,” wrote Thorndike, “but let 
one fi nd his way from Brooklyn to Yonkers and the fact immediately becomes 
a circulating anecdote. Thousands of cats on thousands of occasions sit 
 helplessly yowling, and no one takes thought of it or writes to his friend, the 

box: Latent Learning

Extinction of Reinforced Behavior

Theories of Reinforcement

Theories of Avoidance

Recommended Reading

Review Questions

Practice Quiz

Query Answers

1Pavlov’s work is often thought to have preceded Thorndike’s, but Pavlov (1927) himself ac-
knowledged Thorndike as the fi rst to take a natural science approach to behavior. “We may 
fairly regard the treatise by Thorndyke (sic), The (sic) Animal Intelligence (1898), as the starting 
point for systematic investigation of this kind” (p. 6).
2Unless otherwise noted, all references to Thorndike are to his 1898 dissertation.
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 professor; but let one cat claw at the knob of a door supposedly as a signal to 
be let out, and straightway this cat becomes the representative of the cat-mind 
in all the books. . . . In short, the anecdotes give really the . . . supernormal 
psychology of animals” (pp. 4–5).

But how could one go about studying the normal, or ordinary, psychology 
of animals? How could one study animal intelligence scientifi cally? 
Thorndike’s answer was to present an animal with a problem. Then he would 
give the animal the problem again and see whether its performance improved, 
test it again, and so on. He would, in other words, study animal intelligence 
by studying animal learning. 

In one series of experiments, Thorndike put a chick into a maze. If the 
chick took the correct route, it found its way to a pen containing food and 
other chicks. When Thorndike fi rst put a chick into a maze, it tried to jump 
out of the enclosure and then wandered down one blind alley after another, 
peeping loudly all the while, until it fi nally found its way out. With succeed-
ing trials, the chick became more and more efficient; fi nally, when placed in 
the maze it would go directly down the appropriate path.

Thorndike’s most famous experiments were done with cats. He would 
place a hungry cat in a “puzzle box” and put food in plain view but out of 
reach (see Figure 5-1; Chance, 1999).3 The box had a door that could be opened 
by some simple act, such as pulling a wire loop or stepping on a treadle. Like 
the chicks, the cat began by performing a number of ineffective acts. Thorndike 
wrote that the cat typically 

tries to squeeze through any opening; it claws and bites at the bars or 
wire; it thrusts its paws out through any opening and claws at every-
thing it reaches; it continues its efforts when it strikes anything loose 
and shaky; it may claw at things within the box (p. 13). 

3Thorndike noticed that the cats showed little interest in the food and seemed mostly inter-
ested in getting out of the box. In experiments with dogs, Thorndike found the opposite. Dog 
and cat owners will probably fi nd these observations unsurprising.

Figure 5-1  Box A, one of Thorndike’s puzzle boxes. Pulling on the loop (see side view, 
inset) released a bolt, and the door fell open. (Drawn from description in Thorndike, 
1898, by Diane Chance.)
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Eventually, the cat would pull on the loop or step on the treadle, the door 
would fall open, and the cat would make its way to freedom and food. When 
Thorndike returned the cat to the box for another trial, it went through the 
same sort of activity until it again did what was required to open the door. 
With each succeeding trial, the animal made fewer ineffective movements 
until, after many trials, it would immediately pull on the loop or step on the 
treadle and escape. Thorndike recorded the time it took the animal to escape 
on each trial and plotted these data on a graph, producing what are probably 
the fi rst learning curves (see Figure 5-2).4 

 Query 1:  Thorndike studied animal learning as a way of measuring animal 

.

Thorndike concluded that a given behavior typically has one of two kinds 
of consequences or effects. Thorndike called one kind of consequence a “sat-
isfying state of affairs,” the other an “annoying state of affairs.” If, for  instance, 
a chick goes down a wrong alley, this behavior is followed by continued hun-
ger and separation from other chicks—an annoying state of affairs. If the chick 
goes down the correct alley, this behavior leads to food and contact with other 
chicks—a satisfying state of affairs. When a cat tries to squeeze through the 
bars of its cage, it remains confi ned and hungry—an annoying consequence; 
when it pulls at a wire loop, the door opens and it escapes and fi nds food—a 
satisfying consequence. 

Thorndike (1911) later called this relationship between behavior and its 
consequences the law of effect and offered this defi nition:5
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Figure 5-2 Puzzle box learning curve. The time cat 12 took to escape from box A (see 
Figure 5-1) on succeeding trials. (Compiled from data in Thorndike, 1898.)

4Ebbinghaus (1885; see Chapter 11) created graphs that showed forgetting, but I believe 
Thorndike’s are the fi rst true learning curves. 
5Although Thorndike’s 1898 dissertation is often cited as the source of the law of effect, in fact 
it does not appear there and is never mentioned. Kennon Lattal (1998) reports that Thorndike 
fi rst used the phrase law of effect in print in 1905 (Thorndike, 1905). 
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Of several responses made to the same situation, those which are accom-
panied or closely followed by satisfaction to the animal will, other 
things being equal, be more fi rmly connected with the situation, so that, 
when it recurs, they will be more likely to recur; those which are accom-
panied or closely followed by discomfort to the animal will, other things 
being equal, have their connections with that situation weakened, so 
that, when it recurs, they will be less likely to occur. (p. 244) 

Another way of saying essentially the same thing in fewer words is: 

Behavior is a function of its consequences. 

Thorndike was not, of course, the fi rst person to notice that consequences 
infl uence behavior. Philosophers had long debated the role of hedonism, the 
tendency to seek out pleasure and avoid pain, in behavior. But Thorndike was 

E. L. Thorndike started life on August 31, 1874, the son of an itinerant Methodist minis-
ter. His parents, who were bright and idealistic, ran a tight ship—so tight, in fact, that 
someone once said of the family, “There is no music in the Thorndikes.” Thorndike’s 
biographer, Geraldine Joncich (1968), wrote that there was “a smothering of lightheart-
edness and carefree gaiety . . . with Victorian culture and fundamentalist religion” 
(p. 39). This home life produced a boy who was well mannered, industrious, and 
 studious, but also shy, serious, and moderate to excess. Thorndike himself hinted that 
he lacked spontaneity and humor when he said, “I think I was always grown-up” 
(in Joncich, 1968, p. 31).

In 1893, the young grown-up went off to Wesleyan University, where he devel-
oped an interest in literature. As a graduate student at Harvard, he shifted from English 
to psychology and took up the problem of animal intelligence. As there was no labora-
tory space for his subjects, he kept the animals in his room and conducted the experi-
ments there “until the landlady’s protests were imperative” (Thorndike, 1936, p. 264). 
Finally, William James (one of the founders of modern psychology) offered him the use 
of his cellar, and this became Thorndike’s new laboratory. The work in James’s base-
ment went well, but Thorndike had little money, and when the offer of a fellowship at 
Columbia University came along, Thorndike packed up his “two most educated chick-
ens” and moved to New York. It was at Columbia that Thorndike wrote the dissertation 
on animal intelligence that started him off on a brilliant career.

Toward the end of that career, Thorndike must have thought about these and other 
events in his life as he prepared a short autobiographical article. In it, he argued that 
his accomplishments were not the result of any deliberate plan or “inner needs.” In-
stead, he seemed to compare his own behavior with the trial-and-success activity of 
his experimental animals. “I did,” he explained, “what the occasion seemed to de-
mand” (1936, p. 266).

Thorndike’s bibliography lists over 500 items, including 78 books. In addition to 
his work in learning, he made important contributions to educational psychology (a 
fi eld he practically invented) and to psychological testing. We are lucky indeed that 
Thorndike had such a demanding  environment.

E. L. Thorndike: What the Occasion Demanded
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the fi rst person to show that behavior is systematically strengthened or weak-
ened by its consequences. 

 Query 2:  According to Thorndike’s law of   , the strength of a 

behavior depends on its   .

Building on the foundation provided by Thorndike, B. F. Skinner (1938) 
 began a series of studies in the 1930s that would greatly advance our under-
standing of learning and behavior. Skinner built an experimental chamber de-
signed so that a food magazine could automatically drop a few pellets of food 
into a tray (see Figure 5-3). Clark Hull, a prominent psychologist at the time, 
later dubbed the chamber the “Skinner box,” and the name quickly caught on 
and is still heard today. Skinner objected to the name.6 

After a rat became accustomed to the noise of the action of the food maga-
zine and readily ate from the tray, Skinner installed a lever; thereafter, food 
fell into the tray only when the rat pressed the lever. Under these conditions, 
the rate of lever pressing increased dramatically (see Figure 5-4).

Experiences whereby behavior is strengthened or weakened by its conse-
quences became known as operant learning because the behavior operates 
on the environment. The behavior is typically instrumental in producing 

Screen

Light

Release

Lever

Water

Food Tray

Figure 5-3 One of Skinner’s original experimental boxes, now generally referred to as a 
Skinner box. One wall has been cut away to show the inside of the box. The food maga-
zine and other apparatus were contained in the space outside the left panel. Each time a 
rat pressed the lever, it activated the food magazine, which dropped a few pellets of food 
into the tray. (From The Behavior of Organisms: An Experimental Analysis [p. 49], by 
B. F. Skinner, 1938, New York: Appleton-Century-Crofts. Copyright © 1938, renewed 
1966. Reprinted by permission of B. F. Skinner.)

6 Skinner preferred operant chamber, but experimental chamber may be more accurate because 
it is used for research on a variety of problems, including Pavlovian conditioning, forgetting, 
cognition, pharmacology, and many problems in medicine. Most of this research is done with 
pigeons and small rodents, especially rats and mice, but some variations of the chamber are 
used in studies of primates.
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important consequences, so this type of learning is also sometimes called in-
strumental learning.7 

Operant learning is sometimes referred to as operant conditioning. Unfor-
tunately, the word conditioning gives many people the impression that oper-
ant learning is basically the same as Pavlovian conditioning. But the two 
kinds of learning, though sometimes overlapping, are fairly distinct (see be-
low). Perhaps most importantly, when we undergo Pavlovian conditioning we 
can be described as passive; a CS occurs, followed by a US, regardless of what 
we do. In operant learning, however, we are necessarily active. We act on the 
environment and change it, and the change thus produced strengthens or 
weakens the behavior that produced the consequence. Thorndike demon-
strated this when he moved a cat’s paw through the action required to open a 
box door. Though he did this many times, the cat did not “get it”; left to its 
own resources, it learned no more quickly than cats that had not had 
Thorndike’s guidance. Thorndike concluded that the cat learned only from its 
own efforts. This conclusion is probably not precisely correct, but it is clear 
that in operant learning, the individual must act.8

The anthropologist Desmond Morris (2004) notes that actively interacting 
with the environment is an evolved tendency. We are designed, he argues, to 
live by our wits, to plan, to strive to meet challenges.9 We not only react to 

Figure 5-4 Lever pressing and reinforcement in four rats. The cumulative records above 
show that when each lever press was followed by food, the rate of pressing increased 
rapidly. (For help in interpreting these records, see Figure 2-7.) (Adapted from The Behav-
ior of Organisms: An Experimental Analysis [p. 68], by B. F. Skinner, 1938, New York: 
Appleton-Century-Crofts. Copyright © 1938, renewed 1966. Reprinted by permission.)
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7Some researchers (e.g., Gormezano, 2000) make a distinction between operant and instrumen-
tal procedures, but in general the terms are used interchangeably.
8Action, however, need not be observable movement. For example, the fi ring of brain cells can 
be reinforced (Fetz, 1969).
9Morris (2004) suggests that our happiness depends on the match between what our environ-
ment requires and what our evolved nature designed us for. We evolved to face daily challenges, 
but many of us fi nd ourselves in jobs that are repetitive, boring, and mechanical. There is not 
much similarity between assembly line work in a factory, for example, and the hunter-gatherer 
livelihood that sustained our ancestors for thousands of years. 
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Burrhus Frederic Skinner was born in Susquehanna, Pennsylvania, in 1904. His mother 
kept house while his father earned a living as a lawyer. 

After high school, he went off to Hamilton College in New York State where he re-
ceived a classical education. He continued to enjoy literature, history, music, and the 
arts throughout his life. After Hamilton, he lived in New York’s Greenwich Village for a 
time and tried to become a novelist. The attempt failed; and, after reading the work of 
Pavlov and Watson, he went to graduate school at Harvard to become a behaviorist. 

After Harvard, Skinner began the research that would eventually be published, in 
1938, as The Behavior of Organisms. His views of behavior offended many, and Skin-
ner was thereafter attacked and misrepresented. It was the misrepresentation that both-
ered him more. People erroneously and repeatedly said that he denied the existence of 
thoughts and feelings; that he denied a role for biology in behavior; that he believed 
people were robotic machines; that he rejected freedom and dignity. What Skinner 
actually said and wrote can scarcely be recognized from the writings of his critics 
(Morris, 2001; Palmer, 2007; Todd & Morris, 1992). 

Even Skinner’s critics acknowledge, however, that he made many important con-
tributions to our understanding of behavior. He made changes in the rate of behavior a 
standard measure of learning; made the individual, rather than the group, the object of 
experimental study; practically invented the ABA research design; replaced Thorndike’s 
subjective terminology with the more precise language we use today; and suggested 
ways that a natural science of behavior could be applied to medicine, work, child rear-
ing, education, and other fi elds. Along the way he won practically every award ever 
given to a psychologist, including the American Humanist of the Year award.

In January 1990, Skinner was diagnosed as having leukemia. It was, he said, not a 
bad way to go. There would not be much suffering, just an increasing vulnerability to 
infectious diseases, one of which would, sooner or later, carry him off. 

On August 10, 1990, at its annual convention, the American Psychological Asso-
ciation awarded Skinner a special citation for a lifetime of outstanding contributions, 
the fi rst such award ever granted by the association. Skinner was quite frail, but he ap-
proached the podium unassisted, and spoke for 15 minutes without notes. His thesis 
was a familiar one: Psychologists should embrace the natural science approach to 
behavior. 

It was Skinner’s last public appearance. He left the auditorium to return to his 
home where he continued rising early in the morning to write in his private study, an-
swer his mail, and greet visitors. Five days later he was admitted to the hospital. On 
August 19, while in the hospital, he worked on the fi nal draft of an article. The next day 
he slipped into a coma and died. 

It is now more than a hundred years since the death of Charles Darwin, and 
 creationism is still taught in our schools. Yet the basic principles of evolution are un-
derstood and taken for granted by most educated people. A hundred years from now 
traditional ideas about behavior may still prevail, but perhaps the basic principles of 
behavior will be understood and taken for granted by educated people. If so, much of 
the credit will have to be given to the Darwin of behavior science, B. F. Skinner.

B. F. Skinner: The Darwin of Behavior Science
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events in the environment, we manipulate the environment to our benefi t. 
This is what operant learning is all about. 

Thorndike wrote that a cat in a puzzle box does many different things to 
escape, and “from among these movements one is selected by success” (p. 14; 
emphasis added). Please note that in Thorndike’s view it is success that se-
lects behavior, not failure. Thorndike is often said to have studied learning by 
“trial and error,” but he preferred the phrase “trial and success.”

It is fairly obvious that the capacity to benefi t from the consequences of 
our own actions would contribute to the survival of an individual and a spe-
cies. But anyone who is skeptical will fi nd demonstrations of its value in the 
research literature. For instance, some years ago Lee Metzgar (1967) released 
several white-footed mice in a laboratory environment that resembled the ani-
mals’ natural habitat. After several days, he released more mice and then after 
several minutes released a screech owl into the area. The owl caught fi ve of the 
newcomers for every one of the long-term residents. The long-term residents 
had had time to explore their surroundings; the new arrivals had not. Explor-
ing the surroundings, testing whether they can squeeze between those two 
rocks, or crawl under that bit of log, or burrow under that pile of leaves, is very 
useful. As real estate agents are wont to say, “It pays to know the neighbor-
hood.” And it pays to be able to learn from the consequences of our actions.

 REVIEW  The scientifi c study of operant learning began with the puzzle box experiments 
of E. L. Thorndike and his formulation of the law of effect. B. F. Skinner built 
on this foundation with his studies of behavior rate change in rats and pi-
geons using an experimental chamber.

Types of Operant Learning
There are four types of operant learning (see Figure 5-5). Two strengthen be-
havior, and two weaken it. In this chapter, we will focus on experiences that 
strengthen behavior. They are called reinforcement.

In ordinary parlance, reinforcement means an increase in strength, as 
when we reinforce a ceiling by adding columns. In learning, reinforcement 
means an increase in the strength of behavior due to its consequence. Charles 
Catania (1998) maintains that an experience must have three characteristics 
to qualify as reinforcement: First, a behavior must have a con sequence. Sec-
ond, the behavior must increase in strength (e.g., occur more often). Third, the 
increase in strength must be the result of the consequence. 

Notice that the concept of reinforcement does not assume awareness of 
the relationship between a behavior and its consequences. A person may be-
come aware that a particular behavior produces a particular kind of effect, but 
operant learning may occur without any sign of such awareness. In one exper-
iment, researchers were able to reinforce the contraction of an individual 
muscle fi ber, yet the human participants were unable to say what they did to 
produce reinforcement (Laurenti-Lions et al., 1985). This is probably a fairly 
common phenomenon: We often do things without being able to specify why. 
If I ask you how to stop a car, for example, you immediately say, “Step on the 
brake.” You are quite aware of the relationship between the behavior of 
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 stepping on the brake and its consequence. But if I ask you how to maintain 
your balance on a bicycle, you are probably dumbfounded. You cannot specify 
exactly what behavior produces the consequence of balancing. Yet both skills 
are products of operant learning.

What one learns from reinforcement, then, is not necessarily, “If I do X, it 
will have consequence Y.” Rather, what one learns from reinforcement is to 
do X. You may learn that X produces Y, or you may not; but if your tendency 
to do X hasn’t been strengthened, then reinforcement has not occurred.

It is customary to speak of two kinds of reinforcement. In positive rein-
forcement, a behavior is followed by the appearance of, or an increase in the 
intensity of, a stimulus. This stimulus, called a positive reinforcer, is ordinar-
ily something the individual seeks out. 

The effect of a positive reinforcer is to strengthen the behavior that pre-
cedes it. If you put money into a vending machine and you get the food you 
wanted, you are likely to put money into that machine in the future, given 
the opportunity. Similarly, if you play the saxophone and the sound produced 
is distinctly better than on the last occasion you played, you may continue 
playing even if, to other ears, the result is marvelously unmelodic.

Because the reinforcers involved in positive reinforcement are usually 
things most people consider rewarding (success, praise, recognition, approval, 
money, special privileges, and the like), positive reinforcement is sometimes 
called reward learning. Skinner (1987) objected to the term. “The strengthen-
ing effect is missed when reinforcers are called rewards,” he wrote. “People 
are rewarded, but behavior is reinforced” (p. 19). 

Some argue that Skinner is being a bit picky in this, and reward learning 
is seen in the learning literature and even more in the neuroscience and bio-
logical literature. But whether you use the term or not, it is important to re-
member that something you or I might consider a reward is not necessarily a 
positive reinforcer. Things that we routinely recognize as rewards often fail to 
strengthen the behavior they follow. Even more perversely, some things that 
would seem to be aversive can be positive reinforcers. Strange as it may seem, 
reprimands, restraint, captivity, electrical shocks, and other, normally un-
pleasant experiences have been found, on occasion, to be very effective posi-
tive reinforcers (see Bernard & Gilbert, 1941; Morse & Kelleher, 1977). 
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Figure 5-5 Contingency square. In operant procedures, the strength of a behavior 
increases or decreases depending on its consequences.
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Some people have attempted to compile lists of positive reinforcers (see, 
for example, Reiss, 2000). But the only truly defi ning characteristic of a posi-
tive reinforcer is that when it is presented following a behavior, it strengthens 
that behavior. If it doesn’t have that effect, it is not a positive reinforcer. 

In negative reinforcement, a behavior is strengthened by the removal of, 
or a decrease in the intensity of, a stimulus. This stimulus, called a negative 
reinforcer, is ordinarily something the individual tries to escape or avoid. For 
instance, if you get into your car and turn the ignition and you are suddenly 
blasted by loud music (because your stupid boyfriend/girlfriend left the radio 
volume at maximum), you turn down the volume control. The reduction in 
sound reinforces the act of turning the volume dial. Similarly, if your efforts 
to play the saxophone produce only sounds as welcome to your ears as the 
scraping of fi ngernails on a blackboard, you are apt to put the instrument 
aside. Doing so ends your torture, and this reinforces the act of discontinuing 
your performance.

What reinforces behavior in negative reinforcement is escaping from an 
aversive stimulus. Once you have learned to escape an aversive situation, you 
often learn to avoid it entirely. For example, after escaping from the loud noise 
of your car radio, you may turn down the volume control before you turn on 
the ignition. And instead of escaping from the screeching noise of your saxo-
phone playing, you may “forget” to practice. For this reason, negative rein-
forcement is sometimes referred to as escape-avoidance learning.

As with positive reinforcers, identifying negative reinforcers is not always 
easy. Things that are routinely recognized as aversives sometimes do not 
serve as negative reinforcers when removed following a behavior. And things 
that are usually thought of as rewards sometimes serve as negative reinforc-
ers. (In other words, some “rewards” when taken away reinforce the behavior 
that resulted in their removal.) As with positive reinforcers, the only way to 
be sure if an event is a negative reinforcer is to determine if its removal 
strengthens behavior.

Note that both positive and negative reinforcement increase the strength 
of behavior. The difference is that in positive reinforcement, the reinforcing 
consequence is the appearance of a stimulus, whereas in negative reinforce-
ment the reinforcing consequence is the removal of a stimulus. The terms 
positive and negative do not describe the nature of the consequence; they 
merely indicate that something has been added (positive reinforcement) or 
subtracted (negative reinforcement). 

The term negative reinforcement is troublesome because to many people 
the word negative implies punishment. Even some psychologists are confused 
by the term. For example, one psychologist wrote that negative reinforcement 
means that something good is taken away!10 When you encounter such mis-
use of the term (and you will), try to remember that reinforcement, positive or 
negative, strengthens behavior. 

Because of the confusion the positive-negative distinction causes, some 
experts have suggested doing away with it entirely (e.g., Michael, 1975). The 
question is disputed in journals (see, for example, Baron & Galizio, 2005, 
2006; Chase, 2006; Michael, 2006; Nakajima, 2006; Staats, 2006). Unfortu-
nately, the distinction, and the terms, persist. 

10This is, of course, a form of punishment, not reinforcement; see Figure 5-5.
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 Query 3:  Positive and negative reinforcement have this in common: Both 

 behavior.

Reinforcement is often said to increase the frequency of a behavior. The 
emphasis on frequency is understandable because one of the things we most 
want to know about behavior is how likely it is to occur. However, reinforce-
ment has other strengthening effects besides rate increases: It increases the 
tendency of the behavior to persist after reinforcement is discontinued, the 
tendency of the behavior to occur despite other, aversive consequences (e.g., 
punishment), and the tendency to persist despite the availability of reinforc-
ers for other behaviors (Nevin & Grace, 2000). 

Allen Neuringer (1986; 2002) has pointed out that any feature of a behav-
ior (e.g., its intensity, frequency, rate, duration, persistence, its shape or form) 
may be strengthened, so long as a reinforcer can be made contingent on that 
particular feature. 

Amazingly, even the randomness of behavior can be modifi ed with rein-
forcement. This may sound like no great trick, but behaving in a truly ran-
dom fashion is not so easy. Skinner (1953) notes that when people are asked to 
call out numbers at random they inevitably produce a nonrandom series. He 
suggests that the reason has to do with the history of reinforcement: “Various 
sequences of numbers are reinforced as we learn to count by ones, twos, 
threes, or fi ves, to recite multiplication tables, to give telephone numbers, and 
so on” (p. 211f). Similarly, if you try calling out letters of the alphabet, or coin 
tosses in random order, you are very likely to produce a nonrandom sequence. 
When people try to call out coin tosses in random order, for example, they 
tend to avoid long strings of repeated calls, such as “heads, heads, heads, 
heads, heads.” Yet such “nonrandom” sequences are part of a truly random se-
ries. Our history of reinforcement affects whatever we do, and that history 
seldom reinforces random activity. 

Yet randomness is a feature of behavior that can be reinforced (Neuringer, 
2002). In one study, Neuringer and colleague S. Page (Page & Neuringer, 1985) 
provided reinforcers to pigeons for a series of eight disk pecks, but only when 
the series of pecks was different from the previous 50 sequences. Under these 
circumstances, the pecking patterns became almost truly random. 

 REVIEW  The term operant learning indicates that the individual operates on its environ-
ment. Experiences that increase the rate of behavior are called reinforcement. 
There are two types of reinforcement, positive and negative; the chief differ-
ence between them has to do with whether a stimulus is presented or removed 
following a behavior. Reinforcers cannot be reliably identifi ed a priori; the 
only proof that a consequence is reinforcing is that it strengthens the behav-
ior it follows.

Discrete Trial and Free Operant Procedures
Thorndike and Skinner went about studying operant learning in different 
ways. Thorndike used what has since become known as the discrete trial pro-
cedure. The defi ning feature of a discrete trial procedure is that the behavior 
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of the participant ends the trial. For example, each time one of Thorndike’s 
cats escaped from a box, that marked the end of the trial. Thorndike had to re-
turn the cat to the box to observe the behavior again. In another example of a 
discrete trial experiment, a researcher puts a rat into the starting box of a 
maze. When the rat reaches the end of the maze, that ends the trial, and the 
experimenter returns the rat to the starting point. 

In discrete trial training, the dependent variable is often the time taken to 
perform some behavior under study, such as pulling on a loop or reaching a 
goal box. Other dependent measures sometimes used are the number of errors 
made (e.g., number of wrong alleys entered on running a maze) and the num-
ber of times the participant performed a behavior within a given time 
limit. 

Skinner used a free operant procedure in his research. In this approach, 
the behavior may be repeated any number of times. For instance, in some ex-
periments Skinner placed a rat in an operant chamber equipped with a lever. 
Pressing the lever might cause a bit of food to fall into a tray, but the rat was 
free to return to the lever and press it again and again. 

Usually the dependent variable in free operant experiments is the number 
of times a particular behavior, such as pressing a lever or pecking a disk, oc-
curs per minute. 

Both discrete trial and free operant procedures are also used in clinical 
settings (Delprato, 2001). A child who speaks with a lisp, for example, may be 
asked to imitate a teacher when the teacher says “scissors.” The teacher says, 
“Say sizz-orrs,” and the client responds, “Thizz-orrth.” After this the teacher 
may provide some consequence, such as, “That’s better,” or, “No. Try again. 
Sizz-orrs.” Each time the client attempts to perform the task, he or she com-
pletes one trial. 

To treat lisping using a free operant procedure, the therapist might engage 
the child in conversation while playing a game. The teacher would not ask the 
child to say words that were difficult to pronounce, such as scissors, but when-
ever the child happened to say such a word correctly the teacher might say, 
“Oh. You said scissors very well.” 

 Query 4:  In the  procedure, the behavior ends the trial.

Clinical research still often involves discrete trial procedures, although 
free operant procedures are gaining ground. The free operant procedure has 
certain advantages in applied settings. In particular, most people perceive it as 
more natural and less intrusive than the discrete trial procedure (Schreibman, 
Kaneko, & Koegel, 1991).

Both discrete trial and free operant procedures are apt to strike students 
as unnatural and superfi cial. “What,” they often ask, “has a cat in a puzzle 
box or a rat pressing a lever got to do with why I behave as I do?” Most people 
have difficulty seeing the relevance of laboratory experiments to their every-
day lives, regardless of which experimental procedure is used. But scientifi c 
analysis of any phenomenon requires simplifi cation. When Galileo studied 
gravity, he did it by rolling iron balls down an inclined plane. Only by simpli-
fying the problem in this way could he hope to analyze the effects of variables 
such as the distance traveled and the height of the starting point. In attempt-
ing to identify the cause of a particular cancer, the medical researcher brings 
the cancer into the laboratory in the form of an animal with the disease or in 
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the form of a preparation of human cancer cells. Only in this way can the re-
searcher manipulate variables and reliably determine their effects.

Laboratory researchers simplify problems so they can identify functional 
relationships between independent and dependent variables. If the relations 
so identifi ed are valid, they will enable the researcher to predict and control 
the phenomenon in future experiments. They will also lead to hypotheses 
about how real-world problems may be solved. Field experiments that success-
fully test these hypotheses offer additional corroboration about the laboratory 
researcher’s analysis.

 REVIEW  Operant researchers distinguish between discrete trial and free operant proce-
dures. In the discrete trial procedure, the performance of the behavior studied 
ends the trial. In the free operant procedure, the subject is free to perform the 
behavior any number of times.

Operant and Pavlovian Learning Compared
Operant and Pavlovian learning are sometimes confused, so it may be useful 
to review the differences between them. The most important difference is 
that in operant learning, an important environmental event is contingent on 
behavior; you must do something to get food from a vending machine or mu-
sic from a saxophone. In Pavlovian conditioning, an important event occurs, 
but it is independent of behavior; fi rst you see the lightning, then you hear the 
scary thunder. To put it another way, in Pavlovian conditioning one stimulus 

Pavlovian conditioning is sometimes called S-S learning. This makes sense because 
conditioning involves the pairing of two stimuli, CS and US; identify these two ele-
ments, and you have described the essential ingredients of the conditioning 
experience.

Operant learning is different. It is not merely a matter of stimuli appearing to-
gether; a behavior must occur. To describe an operant learning experience, you must 
identify three elements: the initial situation, the behavior that occurs in that situation, 
and the change in the situation following the behavior.

Some people mistakenly refer to operant learning as S-R learning because a stimu-
lus is followed by a behavior. But you can see that this is clearly wrong because it ig-
nores the fundamental role of the consequences of behavior. It is not S-R learning but 
S-R-S learning. 

 Because all three elements are essential, operant learning researchers speak of the 
three-term contingency, often representing it by the letters ABC: the antecedents of 
behavior (A), the behavior that occurs in that situation (B), and the consequences of the 
behavior (C). 

All three terms of the three-term contingency—A, B, and C—must be identifi ed to 
describe an operant learning experience. “S-R” doesn’t do it.

The Three Terms of Operant Learning
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(the US) is contingent on another stimulus (the CS), whereas in operant learn-
ing, a stimulus (the reinforcing or punishing consequence) is contingent on a 
behavior. 

Pavlovian and operant learning also usually involve different kinds of 
 behavior. Pavlovian conditioning typically involves “involuntary” (refl exive) 
behavior, such as the blink of an eye or the secretion of digestive juices; oper-
ant learning usually involves “voluntary” behavior, such as the wink of an 
eye or the purchase of food. The distinction between voluntary and involun-
tary behavior is somewhat problematic, however. It is sometimes difficult, for 
example, to distinguish between an involuntary eyeblink and a voluntary 
eyewink. Also, behavior that is normally involuntary, such as vomiting, can 
sometimes be modifi ed by operant procedures (Wolf et al., 1965). 

Theoretically it may be possible to distinguish between the two kinds of 
behavior on the basis of the biological structures involved. Refl exive behavior 
involves the autonomic nervous system and smooth muscles and glands; “vol-
untary” behavior involves the voluntary nervous system and skeletal mus-
cles. In practice, however, this distinction is of limited value.

The situation is further complicated by the fact that Pavlovian and oper-
ant learning often occur together (Allan, 1998; Davis & Hurwitz, 1977). Con-
sider the case of Little Albert, discussed in Chapter 4. Albert learned to fear a 
white rat when the rat was paired with a loud noise. This would appear to be a 
simple case of Pavlovian conditioning, and so it is. But read Rayner and Wat-
son’s laboratory notes about the experiment: “White rat which he had played 
with for weeks was suddenly taken from the basket (the usual routine) and 
presented to Albert. He began to reach for rat with left hand. Just as his hand 
touched the animal the bar was struck immediately behind his head” (quoted 
in Watson, 1930/1970, p. 160). Note that the loud noise occurred just as Albert 
reached for the rat. Thus, the loud noise followed a behavior. Pavlovian condi-
tioning was involved because the rat and the noise were paired regardless of 
what Albert did; but operant learning was also involved because the loud 
noise followed reaching for the rat.

 Query 5:  The fact that Albert reached for the rat just before the loud noise occurred 

means that  learning was involved.

Similarly, consider the dog trainer who reinforces the appropriate response 
to various commands, such as sit, stay, come, and fetch. Each appropriate act 
is followed by a bit of food. Described in this way, this seems to be a simple 
case of operant learning. But notice that the commands are sometimes fol-
lowed by food, and this pairing of stimuli (command and food) is the essence 
of Pavlovian conditioning. We may expect, therefore, that the dog will not 
only learn to respond appropriately to the commands but will also come to 
enjoy hearing the commands and may even salivate when it hears them.

In some instances, Pavlovian and operant experiences are so intertwined 
that it is hard to say where one begins and the other ends. This is especially 
evident when negative reinforcement is involved. For example, J. Bruce 
Overmier and Martin Seligman (1967) strapped a dog into a harness and pre-
sented a tone followed by shock. The shock always followed the tone, and 
nothing the dog did—jumping about, barking—had any effect on the shock. 
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When the experimenters put the dog into a box divided by a barrier and deliv-
ered shock, they found that the dog made no effort to escape; it had learned to 
be helpless. Seligman (1975) called the phenomenon learned helplessness and 
proposed that it could help account for depression in humans. (For more on 
this, see Chapter 8.) 

 The initial experience is often described as Pavlovian conditioning: A 
tone is paired with shock, and neither the tone nor the shock is contingent on 
the dog’s behavior. But another way to look at the experiment is as a punish-
ment procedure in which all behavior has the same consequence—shock. Ev-
erything the dog did in its attempts to escape shock was punished. 

Thus, the distinction between Pavlovian and operant learning, though ap-
pealing, is somewhat arbitrary. It is likely that when one sort of learning oc-
curs, so does the other. (For more on this topic, see Donahoe & Palmer, 1994; 
Malone, 1990; Pear & Eldridge, 1984; Sheffield, 1965).

 REVIEW  Students sometimes confuse operant learning with Pavlovian conditioning. In 
Pavlovian conditioning, two stimuli are paired regardless of what the animal 
does, whereas in operant learning the appearance of a stimulus follows a par-
ticular behavior. In addition, Pavlovian conditioning involves refl exive behav-
ior, whereas operant learning usually involves behavior mediated by skeletal 
muscles. Though different, Pavlovian and operant experiences often occur 
together.

Kinds of Reinforcers
There are many different kinds of reinforcers. However, most reinforcers can 
be classifi ed as either primary or secondary and as either contrived or natural.

Primary and Secondary Reinforcers 

It is common practice to distinguish between primary and secondary 
 reinforcers. Primary reinforcers are sometimes said to be naturally or innately 
reinforcing. William Baum (2007) says that they might be thought of as “phy-
logenetically signifi cant events.” This is typically true, but it is more accu-
rate to say that primary reinforcers are those that are not dependent on their 
association with other reinforcers. Besides food and water, examples include 
sexual stimulation, relief from heat and cold, and certain drugs. 

There may be several other primary reinforcers. Humans have been called 
the social animal, and they do show a strong inclination toward social  contact. 
Even the loners among us seek company from time to time, and the reinforc-
ing power of human contact may be an innate characteristic of our species. 
Sociologist John Baldwin (2007) adds sensory stimulation to the list of pri-
mary reinforcers. He calls it “the unknown reinforcer” because we seldom 
recognize its reinforcing qualities. He notes that one reason people become 
overweight is because of the sensations (taste, fragrance, texture) foods pro-
vide. Irving Biederman and Edward Vessel (2006) suggest that learning itself 
is a primary reinforcer, at least for humans. They call humans “infovores” be-
cause we devour information in the same way that carnivores devour meat.
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Primary re inforcers are powerful, and some of them (particularly food, 
water, and sexual stimulation) no doubt played an extremely important role 
in our evolution and in the evolution of most animals. But they are relatively 
few in number, and in advanced societies most of them probably play a lim-
ited role in human learning. One reason for this is that primary reinforcers 
are generally readily available in advanced societies. No one dies of thirst in 
the United States, and death is more likely to result from the effects of obesity 
than from starvation. Another reason for the relatively limited role of primary 
reinforcers in learning is that most of them lose their effectiveness rather 
quickly, a phenomenon known as satiation. If you have not eaten for some 
time, food can be a powerful reinforcer. But with each bite, the reinforcing 
power of food is diminished until fi nally it is ineffective; that is the point of 
satiation.

Secondary reinforcers are those that are dependent on their association 
with other reinforcers. Examples include praise, recognition, smiles, and posi-
tive feedback (e.g., “That’s correct”). Even subtle changes in the environment 
will act as reinforcers if they are paired with other reinforcers, including other 
secondary reinforcers. A rat that has learned to press a lever for food when a 
white light is on will, for example, press a lever if doing so causes a red light 
to become white. With proper training, a rat will press a lever to produce a se-
ries of changes in light color, from green to blue to red to white, even though 
the only time the rat receives food for pressing is when the white light is on. 
Each change in the light is a secondary reinforcer for pressing. Stop providing 
food for presses when the white light is on, however, and pressing in the pres-
ence of all lights will stop. In other words, the reinforcing power of the vari-
ous light colors depends on food, a primary reinforcer.

The term secondary indicates that these reinforcers are derived from 
other reinforcers. Ultimately, secondary reinforcers owe their effectiveness 
directly or indirectly to primary reinforcers.

Because secondary reinforcers seem to acquire their reinforcing power by 
being paired with other reinforcers, they are also called conditioned reinforc-
ers. A demonstration is provided by Donald Zimmerman (1957), who sounded 
a buzzer for two seconds before giving water to thirsty rats. After the buzzer 
and water had been paired in this way several times, Zimmerman put a lever 
into the rat’s chamber. Each time the rat pressed the lever, the buzzer sounded. 
The rat soon learned to press the lever, even though lever pressing never pro-
duced water. The buzzer had become a conditioned reinforcer.

In another study, W. M. Davis and S. G. Smith (1976) paired a buzzer with 
intravenous injections of morphine. The researchers were then able to use the 
buzzer as a reinforcer for lever pressing. Not only was the buzzer an effective 
reinforcer, but its effectiveness was directly related to the amount of morphine 
with which it had been paired (see also Goldberg, Spealman, & Goldberg, 1981). 
It is easy to see how other secondary reinforcers might acquire their powers in 
essentially the same way. Food reduces hunger, and because one needs money 
to buy food, money is regularly associated with food. Thus, money acquires its 
reinforcing properties by being paired with the things it buys.

Of course, a buzzer that acquired reinforcing power by being paired with 
another reinforcer will lose its effectiveness if it is never followed by a rein-
forcer again. But if water or some other reinforcer sometimes follows the 
buzzer, the sound will retain its reinforcing quality.
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Secondary reinforcers are generally somewhat weaker than primary rein-
forcers, but they have certain advantages. For one thing, secondary reinforcers 
tend to be very durable—they usually satiate much more slowly than primary 
reinforcers. Food “wears out” quickly; positive feedback (“That’s right,” 
“That’s better”) does not.

A second advantage of conditioned reinforcers is that it is often much eas-
ier to reinforce behavior immediately with them than with primary reinforc-
ers. If you are training a horse to walk with its head held high, you might offer 
the animal a few grains of oats—a primary reinforcer—each time it does so. 
But this would require walking to the horse and that would mean a delay in 
reinforcement. If you repeatedly pair the sound made by a clicker (originally, a 
small metallic toy called a cricket, but now a device widely used by animal 
trainers) with oats, you can then reinforce behavior with clicks. The sounds 
provide immediate reinforcement (Skinner, 1951). If the clicks are at least 
sometimes followed by food, they will remain reinforcing. Porpoise trainers 
use a whistle in the same way (Pryor, 1991).

Another advantage of conditioned reinforcers is that they are often less 
disruptive than primary reinforcers. Eating and drinking take time, and those 
activities interrupt training. A clicking sound or a word of praise can rein-
force behavior without interrupting it.

Conditioned reinforcers also have the advantage that they can be used in 
many different situations. Food is a very effective reinforcer but only when 
the animal or person is hungry. A stimulus that has been paired with food, 
however, may be reinforcing when the animal or person is hungry, thirsty, or 
not particularly deprived in any way. Reinforcers that have been paired with 
many different kinds of reinforcers can be used in a wide variety of situations. 
Such reinforcers are called generalized reinforcers. The most obvious exam-
ple of a generalized reinforcer may be money.

Although conditioned reinforcers have several advantages over primary 
reinforcers, they have an important disadvantage: Their effectiveness depends 
on their association with primary reinforcers. Money, for example, is power-
fully reinforcing. In certain situations, it may be more reinforcing than any 
primary reinforcer. Yet money loses its reinforcing capacity once it is no lon-
ger associated with primary reinforcers. Money printed by the Confederate 
States of America began to lose its value even before the end of the Civil War 
because it could not be exchanged for food or other reinforcers. Once the war 
was over, Confederate money became worthless—except as fuel or mattress 
stuffing. Primary reinforcers are much more resilient: A hungry person will 
work for food even if the food cannot be exchanged for anything else.

Contrived and Natural Reinforcers 

Most of the reinforcers used in experimental research, whether primary or 
secondary, are not things that occur naturally in nature. Wild rats do not 
make their way in the world by pressing on lever A for food pellets, lever B for 
water, lever C for a willing mate, lever D for a cozy place to spend the night, 
and so on. Researchers create these artifi cial arrangements to identify funda-
mental principles of learning that will help them understand how learning 
occurs in natural settings. But because of the emphasis in texts such as this 
on these artifi cial reinforcers, students sometimes conclude that learning 
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research has little to tell them about their everyday lives. You do not, after 
all, play Nintendo or watch Casablanca because, in the past, someone has 
given you food, water, sex, or a bed to sleep in because you did so. Before pro-
ceeding, then, let’s consider briefl y the difference between contrived and nat-
ural reinforcers.

Contrived reinforcers are events that have been arranged by someone, 
usually for the purpose of modifying behavior. Natural reinforcers are typi-
cally events that follow automatically—naturally—from the behavior. Typi-
cal contrived reinforcers include food, water, sexual stimulation, comfortable 
temperature and humidity, sleep, and other primary reinforcers, as well as 
secondary reinforcers such as praise, recognition, awards, promotions, money, 
and the like. But some of these same events can also be natural reinforcers. 
What distinguishes the one from the other is whether it is a spontaneous con-
sequence of the behavior or a consequence that has been arranged by someone 
to change behavior.

Consider the child who brushes his teeth. One consequence of brushing is 
that the mouth feels cleaner. This is an automatic consequence of the activ-
ity, and if it strengthens the tendency to brush, it is a natural reinforcer. An-
other possible consequence of brushing is that the parent praises the child for 
doing so. The praise is a consequence arranged by the parent, and if it strength-
ens the tendency to brush it is a contrived reinforcer.11 

Similarly, if you read a book of humorous verse, your amusement is a nat-
ural consequence of reading the book. If, on the other hand, a teacher praises 
you for reading the book in an effort to increase your tendency to read, the 
praise is a contrived reinforcer.

Albert Bandura (1986) writes of natural reinforcers, “Behavior is not its 
own reward, but it can provide its own rewards. To mountaineers, the act of 
crawling over slippery rocks in foul weather is not inherently joyful. It is per-
sonal triumphs over lofty peaks that provide the exhilaration” (p. 241). Exhil-
aration is (for some people) the natural consequence of triumphing over lofty 
peaks.

The distinction between contrived and natural reinforcers is, however, 
not always so easy to maintain. For example, if it is cold in your house and 
you go outside and cut wood for your woodstove, the heat that you get from 
the stove is a natural consequence of cutting wood. On the other hand, if you 
shovel snow from your neighbors’ walk, and they reward you by giving you 
fi rewood for your stove, the heat you get from the stove is now a contrived re-
inforcer. But suppose you have electric heat, and when you are cold you turn 
up the thermostat. Is the heat a natural reinforcer (it’s the automatic result of 
moving the thermostat setting), or is it a contrived reinforcer (the heat is pro-
vided by the power company because you pay them)? Or consider this exam-
ple: You are reading a book of humorous verse, and a person you admire says, 
“You seem to be enjoying your book. His humor is over most people’s head.” 
A comment like this might well be reinforcing (i.e., you might read more of 
this poet’s work), but is the praise a contrived or natural reinforcer? It does 
not appear to be a natural reinforcer because it is not an automatic result of 

11In some circles, especially education, contrived reinforcers are called extrinsic rewards, and 
natural reinforcers are called intrinsic rewards.
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reading, nor does it appear contrived because the person offering the praise is 
presumably not doing so as part of a program to change your behavior. 

There are those, especially in education, who say that it is wrong to use 
contrived reinforcers for instructional or training purposes (Schwartz, 2007). 
Their chief justifi cation for this is the argument that contrived reinforcers 
undermine interest in the reinforced activity. There is some evidence that 
contrived reinforcers can have negative effects under certain circumstances 
(Deci, 1975; Lepper & Greene, 1978). However, most reviews of the literature 
conclude that contrived reinforcers actually enhance interest in the rein-
forced activity if they are used properly (Cameron & Pierce, 2002). As Albert 
 Bandura (1986) puts it, “Attaining rewarding ends enhances the attraction of 
the means” (p. 247). (For more on the controversy concerning contrived rein-
forcers, see Bandura, 1986; Cameron & Pierce, 2002; Chance, 1992; Deci, 
1975; Flora, 2004; Lepper & Greene, 1978; Reiss, 2005). Regardless of the kind 
of reinforcers used, reinforcement can have a powerful effect on existing 
 behavior. But what of new forms of behavior? After all, a behavior can be 
 reinforced only if it occurs! Where do new forms of behavior come from? The 
answer to this riddle is a pair of procedures fi rst described by Skinner: shap-
ing and chaining.

 REVIEW  Reinforcers are classifi ed as primary or secondary, contrived or natural. Primary 
reinforcers are largely innate; secondary (or conditioned) reinforcers seem to 
be acquired through their association with other reinforcers. Secondary rein-
forcers that are effective in a wide variety of situations are called generalized 
reinforcers. Reinforcers are also classifi ed as contrived and natural. Contrived 
reinforcers are arranged by someone to change behavior; natural reinforcers 
are the automatic result of the behavior they follow.

Shaping and Chaining
We saw earlier that if lever pressing results in food falling into a tray, a rat 
may learn to press a lever. But what if the rat never presses the lever? How 
could we get it to do so?

One answer is to reinforce any behavior that resembles lever pressing. 
Suppose a hungry rat is sitting in a corner, away from the lever, scratching and 
grooming. You watch carefully, and when the rat turns its head toward the le-
ver, you press a button that causes a few food pellets to fall into the food tray. 
This operation causes a sound that has been paired with food several times in 
the past. As a result, the rat immediately runs to the food tray and eats. After 
eating, the rat turns away from the lever, wanders a bit, and then turns again 
toward the lever. You press the button again, and the rat immediately runs to 
the food dish and eats. After a few more reinforcements, the rat is spending its 
time in the immediate vicinity of the food tray. Now you begin reinforcing 
any movement toward the lever until the rat is next to it. When the rat touches 
the lever in any way, you reinforce that. Soon the rat presses the lever, and you 
provide reinforcement. Now you provide food only when the rat presses the 
lever, and soon it presses the lever steadily, stopping only to go to the food 
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tray and eat. This training procedure, the reinforcement of successive approx-
imations of a desired behavior, is called shaping. Often shaping makes it 
 possible to train behavior in a few minutes that never occurs spontaneously 
(see Figure 5-6).

 Query 6:  Shaping is the reinforcement of successive  of a desired 

behavior.

The shaping procedure seems so obvious, once it is pointed out, that stu-
dents sometimes fail to appreciate Skinner’s contribution in describing it. It is 
therefore worth contrasting Skinner’s shaping procedure with earlier training 
methods. Thorndike (1898), for example, describes how he attempted to teach 
a dog to go to the corner of a large pen: 

I would pound with a stick and say, “Go over to the corner.” After an 
interval (10 seconds for 35 trials, 5 seconds for 60 trials) I would go over 
to the corner (12 feet off) and drop a piece of meat there. He, of course, 
followed and secured it. On the 6th, 7th, 16th, 17th, 18th and 19th trials 
he did perform the act before the 10 seconds were up, then for several 
times went during the two-minute intervals without regarding the sig-
nal, and fi nally abandoned the habit altogether. (p. 77) 

Had Thorndike known about the reinforcement of successive approximations, 
he very likely would have had the dog going to the corner on command in a 
few minutes. 

Shaping is not restricted to animal behavior. Skinner (1977) describes how 
he shaped the behavior of his daughter, Deborah, when she was less than a 
year old. Skinner held Deborah on his lap, and when the room grew dark he 
turned on a nearby table lamp. Deborah smiled at this, so Skinner decided to 
see if the light would reinforce her behavior. He turned off the light and waited 
until Deborah lifted her left hand slightly, then turned the light on and off 
quickly. She moved her hand again, and Skinner turned the light on and off. 
Gradually, Skinner required bigger and bigger arm movements for reinforce-
ment until Deborah was moving her arm in a wide arc “to turn on the light” 
(p. 179). 

Figure 5-6 Shaping clockwise turns. As viewed from above, a pigeon is shown at points 
at which its behavior was reinforced. At fi rst (extreme left fi gure), any turn to the right 
produced food. After this, reinforcement required successively closer approximations of a 
complete circle. The fi rst complete circle appeared after about 15 minutes of shaping. 
(Figures drawn by Diane Chance from photographs by Paul Chance.)
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The shaping procedure can be put to more practical use. A teacher can 
praise a student’s fi rst efforts at printing the alphabet even though the letters 
are barely recognizable. Once the student can easily make these crude ap-
proximations, the teacher can require something better for reinforcement. In 
this way, the teacher gradually “ups the ante” until the student prints the let-
ters clearly. Similarly, a rehabilitation therapist may place relatively mild de-
mands on a patient at fi rst and congratulate the patient for achieving them. 
When the patient becomes comfortable with the required task, the therapist 
can raise the standard slightly. 

People often unwittingly shape undesirable behavior in their children. 
Tantrums, for example, are typically the products of shaping. A tired parent 
may give in to a child’s repeated requests “to shut him up.” On the next occa-
sion, the parent may resist giving in to the child’s usual demands. The child 
responds by becoming louder or crying. The parent yields to avoid causing a 
scene. On a subsequent occasion, determined to regain control, the parent 
may refuse to comply when the child cries or shouts but gives in when the 
child produces buglelike wails. And so it goes: The parent gradually demands 
more and more outrageous behavior for reinforcement, and the child obliges, 
eventually engaging in full-fl edged tantrums.12

Often the parents and other adults attribute tantrums and other annoying 
behavior to character fl aws. “He’s so immature!” they may say, or “What a 
willful child!” The children themselves seldom understand the shaping  process 
any better than their parents and often grow up attributing their misbehavior 
to immaturity, temperament, or other internal traits, just as their parents had. 
But the child has merely done what was required for reinforcement.

Some animals seem to use a kind of shaping procedure in the training of 
their young. Observations in the wild suggest that otters, for example, fi rst 
feed their young on prey that they have already killed. As the pups mature, 
their parents bring animals that are dying; the young otters fi nd the prey easy 
to kill. After this, the parents bring injured prey; their young must fi nish the 
job to eat. Finally, the adults take their young to the hunting area and bring 
them uninjured prey. Thus, the young otters build on past skills until they 
master the art of hunting and killing prey on their own.

The use of shaping by animals seems to have been documented in meer-
kats, a carnivorous mammal related to the mongoose that lives in the  Kalahari 
Desert of Africa. Meerkat pups accompany adults on foraging trips  during 
which the older animals pass on lizards or other prey to the young. Alex 
Thornton and K. McAuliffe (2006) observed meerkat groups as they foraged 
and found that the youngest pups received live prey from adults 65% of the 
time, while older pups received live prey 90% of the time. Apparently, the 
adults make things easy for the youngest pups, but as the pups gain experi-
ence the adults require more of them, a crude form of shaping. 

It’s tempting to think that the adult meerkats are deliberately training 
their young, but it’s more likely that they are simply responding to the conse-
quences of their own behavior. If you are an adult meerkat and you give a live 
lizard to an inept, young pup, the lizard is likely to get away. Then you have 

12Ironically, pediatricians and other experts on child rearing often unwittingly advise parents 
to take steps that are almost certain to reinforce unwanted behavior, such as crying. For more 
on this, see Azerrad and Chance (2001).
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The rate at which shaping proceeds depends primarily on the skill of the trainer. In-
structors often have students practice shaping by training a rat to press a lever or a pi-
geon to peck a disk. There is always a good deal of variability in the rate at which the 
animals progress. The students usually attribute these differences to the intelligence of 
the animals. Sooner or later a student whose animal has made no progress will com-
plain, “My rat is too stupid to learn to press a lever!” At this, the instructor often turns 
the animal over to a student who has already succeeded at the task. Within a few min-
utes, the “stupid” rat is pounding on the lever like a drummer boy.

You may conclude from this that it is not the rat that is stupid, but the student who 
failed to train it. But in doing so, you are making precisely the same mistake the stu-
dent made. Learning failures have less to do with the instructor’s or trainer’s intelli-
gence than they do with his or her skill at shaping (see Todd et al., 1995). 

What distinguishes good shapers from poor ones? First, they reinforce small steps. 
Trainers who get poor results often require too much at once. After reinforcing the rat’s 
turning toward the lever, the poor trainer may wait for the rat to walk over to the lever; 
the more successful trainer waits only for the rat to take a single step in the direction of 
the lever.

Second, good trainers provide immediate reinforcement. Poor trainers often hesi-
tate slightly before reinforcing an approximation—often explaining, “I wanted to see if 
he’d do more.” The successful trainer reinforces the instant the desired approximation 
occurs. 

Third, good shapers provide small reinforcers. Shaping laboratory animals usually 
involves the mechanical delivery of a uniform amount of food, one or two food pellets 
for a rat, a few pieces of grain for a pigeon. However, if food delivery is done by hand, 
some trainers will give larger amounts of food. This necessarily slows the course of 
training because the animal takes longer to consume a larger amount of food. Similarly, 
people attempting to shape behavior in humans sometimes slow learning by providing 
too much in the way of reinforcers. If you give a child candy or toys to reinforce each 
approximation, these reinforcers are apt to become the focus of attention. A simple 
“Well done!” or even “That’s better” is usually more effective.

Fourth, good shapers reinforce the best approximation available. The trainer may 
work out a shaping plan in advance that includes fi ve or ten distinct approximations of 
lever pressing that are to be reinforced. The poor trainer will stick to that plan no mat-
ter what, reinforcing approximation D only after approximations A, B, and C have been 
reinforced. The more successful trainer will use the plan as nothing more than a rough 
guide. If the rat skips a few intermediate steps, fi ne; the good trainer will reinforce any 
progress toward the goal. If you get lucky, take advantage of it.

Fifth, good trainers back up when necessary. Learning doesn’t always progress 
smoothly. The rat that has been spending a good deal of time near the lever may move 
away from it and groom or explore other parts of the chamber. At this point, the trainer 
may need to take a backstep—to reinforce an earlier approximation, such as turning in 
the direction of the lever. The trainer who is willing to lower the standard when neces-
sary will progress more rapidly than the one who insists on waiting for something 
better.

Tips for Shapers
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to recapture it or fi nd another. With practice, the pups should get better at 
hanging on to prey, so the parents can risk giving them livelier meals. 

 Thornton and McAuliffe performed an experiment that supports this in-
terpretation. They gave some meerkat pups live (but stingless) scorpions, and 
they gave others hard-boiled eggs. They did this for three days and then gave 
each of the pups a live scorpion. Meerkats that had eaten eggs for three days 
let two-thirds of the scorpions get away, but none of the scorpions escaped 
from meerkats that had had practice with live scorpions. 

Shaping goes a long way toward explaining the appearance of new forms 
of behavior. Such behavior is, in a sense, constructed out of old behavior. But 
shaping alone is not sufficient to account for all forms of new behavior; to un-
derstand them, we must consider chaining.

Women gymnasts compete on something called a balance beam. Basically 
this competition requires them to walk across a 4-inch-wide beam and, along 
the way, do somersaults, handstands, back fl ips, and other impossible stunts 
without landing on their heads. Competing on the balance beam consists of 
performing a number of these acts in a particular sequence. Such a connected 
sequence of behavior is called a behavior chain.

Among the more ordinary (and less hazardous) behavior chains is making 
a telephone call: You pick up the receiver, listen for a dial tone, punch a set of 
numbers, and hold the receiver to your ear. Dining in a restaurant consists of 
sitting at a table, studying the menu, placing an order with a waiter, eating 
the meal, paying the bill, and leaving. A good deal of animal behavior con-
sists of partly learned behavior chains. Predators, for example, search for prey, 
stalk it, pursue it, kill it, and eat it.

Usually the segments of a chain must be completed in a particular order. 
In using a telephone, if we dial the number before we pick up the receiver, the 
call will not go through. Similarly, dining out may not go well if we attempt 
to order a meal before being seated. 

 Query 7:  What are the parts of the chain known as brushing one’s teeth?

Training an animal or person to perform a behavior chain is called 
 chaining. Skinner (Skinner, 1938; This smart University, 1937) trained a rat 
named Plyny to pull a string that released a marble from a rack, pick up the 
marble with its forepaws, carry it to a tube projecting two inches above the 
fl oor of the experimental chamber, lift the marble to the top of the tube, and 
drop it inside. Each behavior in the chain had to be shaped. 

Other researchers and animal trainers have trained laboratory animals to 
perform even more complex chains. Carl Cheney (personal communication, 
August 21, 1978) trained a rat to climb a ramp, cross a drawbridge, climb a lad-
der, walk across a tightrope, climb another ladder, crawl through a tunnel, 
step into an elevator that carried it back down to its starting point, press a le-
ver, and fi nally receive a few pellets of food (see Figure 5-7). Though it is cus-
tomary to think of such a chain as a series of discrete acts, once the chain is 
established it can be considered one act, one behavioral unit, just as we con-
sider a forehand swing in tennis one unit, when it is actually composed of a 
sequence of acts.

The fi rst step in chaining is to break the task down into its component 
 elements, a procedure called task analysis. Once the individual links of the 
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chain have been identifi ed, it is possible to reinforce the performance of the 
links in the correct sequence. There are two basic ways of going about this, 
forward chaining and backward chaining. 

In forward chaining, the trainer begins by reinforcing performance of the 
fi rst link in the chain. This is repeated until the task is performed without 
hesitation. At this point, the trainer requires performance of the fi rst two 
links, and this short chain is reinforced until it is performed smoothly. Then 
the trainer requires performance of the fi rst three links, and so on.

If any of the links does not readily occur, the trainer uses shaping to build 
it. For example, rats do not readily pull on strings or pick up marbles. If you 
wanted to train a rat to replicate Plyny’s performance, you might begin by 
shaping string pulling, perhaps by providing a bit of food whenever the rat 
touched the string, then when it bit the string, then when it held the string in 
its mouth, then when it pulled it. Similarly, in teaching a student to recite a 
poem (a linguistic chain), you might need to shape the proper pronunciation 
of a word or the expression given a particular phrase.

Forward chaining is a logical, commonsense approach, but it is not always 
the most efficient way of developing a chain. Sometimes the better way is to 
begin with the last link in the chain and work backward toward the fi rst ele-
ment. This procedure is called backward chaining. In Plyny’s case, you might 
fi rst train the rat to drop a marble down a tube. Next you would train the ani-
mal to carry the marble to the tube and drop it. When the rat readily performs 
the last two tasks, you can require performance of the last three links, and so 

A

B C

D
E

F

G

H

I J

Figure 5-7 Chaining. Starting at A, rat climbs ramp to B, crosses drawbridge to C, 
climbs ladder to D, crosses tightrope to E, climbs ladder to F, crawls through tunnel to G, 
enters elevator at H, descends to I, presses lever at J, and receives food. (Drawn by Diane 
Chance.)
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on. As in forward chaining, any behavior that does not occur spontaneously 
must fi rst be shaped.

Note that in backward chaining, the chain is never performed backward. 
Plyny does not drop a marble down a tube, then carry the marble to the tube, 
and so on; the parts of the chain are always performed in their proper se-
quence. Training is backward only in the sense that links in the chain are 
added from “back to front.” So, once a rat has learned to perform the last link 
in a chain, it then learns to perform the last two links in the chain, then the 
last three, and so on.

 Query 8:  How would you use backward chaining to train a rat to run a maze?

An interesting thing about chaining is that each link in the chain is rein-
forced, at least in part, by the opportunity to perform the next step in the 
chain. Each step in making a cake, for example, is reinforced by access to the 
next step in the cooking process: Getting the ingredients together is rein-
forced by being able to mix them; mixing the ingredients is reinforced by be-
ing able to put the batter into the cake pans; fi lling the cake pans is reinforced 
by being able to put the pans into the oven; putting the pans in the oven is re-
inforced by seeing the batter rise and turn golden brown, and so on. Similarly, 
each link in the predator’s chain is reinforced by the subsequent link: Search-
ing for prey is reinforced by the opportunity to stalk it; stalking prey is 
 reinforced by the opportunity to chase it; chasing prey is reinforced by the op-
portunity to attack it, and so on.

Only the last act in a chain typically produces a reinforcer that is not part 
of the chain. In the laboratory this is usually a primary reinforcer. This is 
sometimes the case outside the laboratory as well: The predator gets to eat the 
prey it has hunted, stalked, chased, and killed, and we get to eat the cake we 
labored so long in making. Yet this last, external reinforcer is crucial; without 
it, the chain is not likely to be performed. Even a well-established chain even-
tually breaks down if the fi nal link in the chain does not produce a 
reinforcer.

Operant reinforcement is basically a simple procedure. Nevertheless, its 
effects depend on the complex interactions of many variables. Next we con-
sider a few of the more important of these variables.

 REVIEW  Shaping is the process of reinforcing successive approximations of a desired 
 behavior. Chaining is the process of reinforcing each of a series of linked be-
haviors to form a behavior chain. 

Variables Affecting Reinforcement
Contingency

Where operant learning is concerned, the word contingency refers to the de-
gree of correlation between a behavior and its consequence. The rate at which 
learning occurs varies with the degree to which a behavior is followed by a 
reinforcer.
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Lynn Hammond (1980) performed an experiment reminiscent of Rescor-
la’s (1968) study on contingency in Pavlovian conditioning (see Chapter 3). 
Hammond manipulated the probability that food would come after a lever 
press and in its absence. He found that if rats were as likely to get food by not 
pressing the lever as they were by pressing it, they did not continue to press 
the lever (see Figure 5-8). A contingency between lever pressing and the rein-
forcer was essential. 

It is easy to see why contingency is important to learning. Learning to 
touch-type is difficult, even though there is a perfect correlation between the 
key pressed and the letter that appears on the page or computer monitor. Now 
imagine learning to type using a keyboard that is defective: Sometimes when 
you press the letter a you get a, but sometimes you get c or d or some other 
letter. When you press the c key, you may get a c, but sometimes you get 
something else. And so on, with each of the 26 letters of the alphabet. Even if 
you get the appropriate letter 90% of the time (i.e., correct actions are rein-
forced 9 out of 10 times), learning to touch type is almost certain to take 
much longer than with a properly functioning keyboard.

Even small reinforcers can be very effective if there is a strong correlation 
between the behavior and the reinforcer. In fact, numerous small reinforcers, 
when contingent on a behavior, are generally more effective than a few large 
ones (Schneider, 1973; Todorov et al., 1984). 

Contiguity

The gap between a behavior and its reinforcing consequence has a powerful 
effect on the rate of operant learning. In general, the shorter this interval is, 
the faster learning occurs (Escobar & Bruner, 2007; Hunter, 1913; Schlinger & 
Blakely, 1994; see Figure 5-9). 
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Figure 5-8 Contingency and reinforcement. The mean response rate of lever pressing for 
ten rats when food was contingent and noncontingent. (Adapted from “The Effect of 
Contingency upon the Appetitive Conditioning of Free-Operant Behavior,” by L. J. Ham-
mond, 1980, Journal of the Experimental Analysis of Behavior, 34[3], p. 300. Copyright 
© 1980 by the Society for the Experimental Analysis of Behavior, Inc.  Reprinted with 
permission.)
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A study by Kennon Lattal (1995) will illustrate. Lattal attempted to shape 
disk pecking in a pigeon, but with the reinforcer delayed automatically for 
10 seconds. In other words, when the bird moved toward the disk, Lattal would 
press a switch controlling the food magazine, but a device would prevent de-
livery of food for 10 seconds. Lattal spent an hour each day trying to shape 
disk pecking, but even after 40 days he was unsuccessful. The bird moved 
back and forth in front of the disk, but never pecked it. When Lattal changed 
the delay from 10 seconds to only 1 second, he was able to shape disk pecking 
in about 15 to 20 minutes (Lattal, personal communication, 1996).

Some studies of contiguity have raised doubts about its importance in 
learning (e.g., Azzi et al., 1964; Reeve et al., 1992). Part of the confusion arises 
because contiguity is sometimes entangled with other variables. Jeffrey Weil 
(1984) notes, for example, that most studies of delayed reinforcement are con-
founded by the number of times the behavior is reinforced. To illustrate, let 
us compare two experiments: In one, lever pressing is reinforced immediately; 
in the second, pressing is reinforced after a 5-second delay. If we run animals 
under both conditions for one hour, we are likely to fi nd that immediate rein-
forcement results in faster learning. But a problem arises in interpreting the 
results because immediate reinforcement means that the behavior is rein-
forced more often in an hour’s time than is the case with delayed reinforce-
ment. Weil dealt with this problem by making the number of reinforcements 
constant. The results showed that reinforcement delay did make a difference: 
The shorter the interval between behavior and reinforcer, the more rapidly 
learning  occurred.

 Query 9:  Weil wanted to separate the effects of  of reinforcement 

and  of reinforcements.
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Figure 5-9 Contiguity and reinforcement. Mean cumulative responses when reinforce-
ment was immediate, delayed 4 seconds, and delayed 10 seconds. (Adapted from “The 
Effects of Delayed Reinforcement and a Response-Produced Auditory Stimulus on the 
Acquisition of Operant Behavior in Rats,” by H. D. Schlinger, Jr., and E. Blakely, 1994, 
The Psychological Record, 44, p. 396, Figure 1. Copyright © 1994 The Psychological 
Record. Reprinted with permission.)
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Reviews of the literature on contiguity have found that operant learning 
varies fairly consistently with contiguity. Susan Schneider (1990), for instance, 
in an examination of one subset of this literature, found that “no clear excep-
tions to support for contiguity exist as yet” (p. 247).

One reason that immediate consequences produce better results is that a 
delay allows time for other behavior to occur. This behavior, and not the ap-
propriate one, is reinforced. Imagine, for example, that you are learning to pi-
lot an oil tanker. Big ships change direction slowly, so there is a delay between 
turning the ship’s wheel and a change in the ship’s direction. You may turn 
the wheel appropriately, but by the time the ship fi nally responds, you may 
have taken some other, inappropriate, action. This inappropriate behavior is 
then reinforced by the desired change in direction. This delay is no doubt one 
thing that makes learning to steer great ships difficult.13

Even though immediate reinforcement clearly produces faster learning, a 
number of studies have shown that learning can occur despite  reinforcement 
delays (Dickinson, Watt, & Griffiths, 1992; Lattal & Gleeson, 1990; Wilken-
fi eld et al., 1992). The effects of delaying reinforcement can be muted if the 
delay is regularly preceded by a particular stimulus. Henry Schlinger Jr. and 
Elbert Blakely (1994) conducted an experiment that compared the effects of 
signaled and unsignaled delay of reinforcement. They set up a photoelectric 
beam near the ceiling of an experimental chamber. When a rat broke the beam 
by rising up on its hind legs, food fell into a dish. For some rats, breaking the 
beam resulted in immediate food delivery; for others, food came after a 
 4-second or 10-second delay. For some rats receiving delayed reinforcement, a 
tone sounded immediately after the rat broke the beam.

As expected, the results showed very clearly the superiority of immediate 
reinforcement over delayed reinforcement. They also showed that a 4-second 
delay was less detrimental than a 10-second delay. However, the effects of 
delay were not so great when the delays were preceded by a tone (see Fig-
ure 5-10).

One explanation of the effect of signals is called the marking hypothesis 
(Lieberman, McIntosh, & Thomas, 1979). This is the idea that the signal draws 
attention to the behavior that preceded it. However, as Schlinger and Blakely 
point out, this explanation merely “describes the effect and uses the descrip-
tion as the explanation” (1994, p. 405). To explain why signals increase the 
power of delayed reinforcers, we have to identify the variables that produce 
the increase. Perhaps the most likely explanation is that the signal became a 
conditioned reinforcer because it was regularly followed by food. Thus, sig-
naled delayed reinforcement gets better results because more reinforcement is 
involved: the food and the stimulus that precedes the food. However, the con-
ditioned reinforcement explanation is not above reproach (see Schlinger & 
Blakely, 1994).

13I know: Many of these ships no longer have wheels. But the example works better with a 
wheel.
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Reinforcer Characteristics

Reinforcers are not all alike; some work better than others. Although small 
reinforcers given frequently usually produce faster learning than large rein-
forcers given infrequently, the size of the reinforcer does matter. Other things 
being equal, a large reinforcer is generally more effective than a small one 
(Christopher, 1988; Ludvig et al., 2007; Wolfe, 1936). If you happen to look 
down while walking along a sidewalk and see a dollar bill, the chances are 
you will continue looking in that area and may continue looking down even 
when you go on your way. But the reinforcing effect is apt to be much stronger 
if what you see is a $100 bill. 

The relation between reinforcer size or strength (sometimes referred to as 
reinforcer magnitude) and learning is not, however, linear. In general, the more 
you increase the reinforcer magnitude, the less benefi t you get from the 
 increase. This is illustrated in a study in which Carol Frisch and Alyce Dick-
inson (1990) had college students assemble parts made of bolts, nuts, and wash-
ers. All students received an hourly wage, but some received a bonus ranging 
from 3 to 55% of the hourly pay. As expected, students who received bonuses 
did more work than students who worked for salary alone. However, the size of 
the bonus made no difference in how productive the students were. Those who 
received a 3% bonus did just as much work as those who received 25 or 55%.

 Query 10:  In general, the more you increase the amount of a reinforcer, the 

 benefi t you get from the increase.

There are also qualitative differences in reinforcers. You might think that 
to a rat, food is food, but in fact rats have rather discriminating tastes. 
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Figure 5-10 Effects of signaled delayed reinforcement. Mean cumulative responses 
when delayed reinforcement was preceded by a tone (T) and when there was no tone 
(NT). Reinforcement was delayed 4 seconds in each case. (Adapted from “The Effects of 
Delayed Reinforcement and a Response-Produced Auditory Stimulus on the Acquisition 
of Operant Behavior in Rats,” by H. D. Schlinger, Jr., and E. Blakely, 1994, The Psycho-
logical Record, 44, p. 396, Figure 1. Copyright © 1994 The Psychological Record. Re-
printed with permission.).
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R.  Simmons (1924) repeatedly ran rats through a maze. Some rats found a bit 
of bread and milk at the end of the maze; others found a sunfl ower seed. Rats 
receiving bread and milk outperformed those that received sunfl ower seed. 
M. H. Elliott (1928) performed a similar experiment comparing sunfl ower 
seeds with bran mash. Again the group fed sunfl ower seeds came in second. It 
would appear that, to the rat, the sunfl ower seed is a rather inferior food. In 
other studies, animals and people given a choice between performing a task 
for either of two reinforcers often show strong preferences (Parsons & Reid, 
1990; Simmons, 1924). Identifying preferred reinforcers can improve the effec-
tiveness of a reinforcement procedure in applied settings (Mace et al., 1997). 

You can often see clear evidence of animal food preferences at a bird 
feeder. Make black oil sunfl ower seeds and striped sunfl ower seeds available 
in different feeders, and you will probably fi nd that chickadees and titmice 
prefer the former. Gray squirrels, in my experience, eat both with equal 
gusto.

Task Characteristics

Certain qualities of the behavior being reinforced affect the ease with which 
it can be strengthened. Obviously, learning to walk a balance beam is easier 
than learning to walk a tightrope. Less obviously, behavior that depends on 
smooth muscles and glands is harder to reinforce than is behavior that de-
pends on skeletal muscles.

At one time it appeared that reinforcement could increase or decrease the 
heart rates of rats by 20% (Miller & DiCara, 1967). These astonishing results 
led people to envision the treatment of medical problems such as high blood 
pressure and irregular heart beat through reinforcement. Unfortunately, re-
searchers were not always able to replicate the early fi ndings. Neal Miller 
(1978), one of the early researchers in this fi eld, began to express doubts, and 
he and collaborator Barry Dworkin (Dworkin & Miller, 1986) fi nally con-
cluded that “the existence of visceral learning remains unproven” (p. 299). To-
day the general consensus seems to be that biofeedback can work in certain 
situations, but (with the exception of treatment of migraine headaches) the 
benefi ts are generally too small to be of practical value (Hugdahl, 1995/2001). 
Even with the best of reinforcers, then, learning to lower your blood pressure 
is more difficult than learning to lower your voice.

Task difficulty will, in turn, vary with the species. Evolved tendencies 
can make the reinforcement of behavior more or less difficult. Consider the 
problem of training a bird to peck a lighted disk. How difficult is it likely to 
be? The answer depends on the kind of bird. It seems likely that it would be 
considerably easier to train a pigeon to peck a lighted disk than to train a 
hawk to do the same thing. Pigeons are seed eaters, so pecking is part of their 
repertoire almost from the moment they crack through their shell. Hawks do 
not peck; they use their beaks to tear prey apart. This may have something to 
do with the fact that you are more likely to fi nd pigeons than hawks in 
 learning labs.

Pigeons are so biologically disposed to peck a lit disk, in fact, that you do 
not have to train them to do so. If you put a pigeon in a chamber with an illu-
minated disk and periodically provide food in the hopper, the bird will soon 
peck the disk whenever it is illuminated. The bird does not have to peck the 
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disk to receive food, yet it does. This phenomenon is so automatic it is called 
autoshaping (Brown & Jenkins, 1968). Not only will birds peck even though 
pecking is not rewarded, they will peck even if pecking prevents food from ap-
pearing (Williams & Williams, 1969). 

Because autoshaping (also called sign tracking) occurs without reinforce-
ment, it is often considered an example of Pavlovian conditioning. Food (the 
US) elicits pecking (the UR). When the lit disk (the CS) is paired with food (the 
US), the bird begins pecking the disk. Autoshaping is an odd example of Pav-
lovian conditioning since pecking is a “voluntary” act—that is, it relies on 
striated muscles, not the smooth muscles and glands associated with refl exes. 

However, the point is that autoshaping illustrates that innate tendencies, 
such as the pigeons’ inclination to peck food, affect the ease with which oper-
ant learning occurs. You can see that it might be much easier to teach a  pigeon 
to peck an illuminated disk than it would be to teach it to depress a lever 
with its beak. (For other examples, see the work of Breland and Breland in 
Chapter 12.)

Motivating Operations

A motivating operation (also called an establishing operation) is anything 
that establishes conditions that improve the effectiveness of a reinforcer. Food 
is more reinforcing when an animal is hungry, so depriving it of food for sev-
eral hours before training establishes food as an effective reinforcer. Simi-
larly, water is more reinforcing if an animal has been deprived of water; the 
opportunity to communicate with another person is more reinforcing if a per-
son has had no social contact for some time; rest is more reinforcing to some-
one who has been exercising; warmth is apt to be reinforcing to someone in a 
cold room; quiet is often reinforcing in a noisy setting; a computer game is 
more reinforcing in an environment with little else to do; escape from a cham-
ber is reinforcing if a shock is delivered through the fl oor; and so on. Any-
thing that makes a consequence more reinforcing necessarily changes the 
outcome of a reinforcement procedure. Because food is often used as a rein-
forcer in laboratory experiments, I will consider food deprivation as a motivat-
ing operation.

Food is established as an effective reinforcer by limiting the amount of 
food the animal receives before training. This is usually done in one of two 
ways. The animal may be deprived of food for a certain number of hours prior 
to training. Sometimes the training period becomes the animal’s feeding 
time, so that it gets its day’s nourishment while it is in training. A second 
procedure is to limit the amount of food the animal gets so that it weighs less 
than it would if it could eat freely. Typically pigeons involved in an experi-
ment with a food reinforcer are kept at 80% of free-feeding weight. (Free feed-
ing, or ad libitum, weight, is the amount the animal weighs when it is  allowed 
free access to food throughout the day. An animal that is at 80% of its free-
feeding weight is hungrier than one that is at 90% of that weight.) 

Depriving an animal of food has a marked effect on the effectiveness of 
food as a reinforcer. For instance, E. C. Tolman and C. H. Honzik (1930) gave 
rats food on reaching the end of a maze; some rats had been deprived of food, 
others had not. As Figure 5-11 shows, the former showed greater change than 
the latter.
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In general, the greater the level of deprivation (e.g., the longer the interval 
since eating), the more effective the reinforcer (Cotton, 1953; Reynolds & Pav-
lik, 1960). At least, this is the case with primary reinforcers (such as those 
just mentioned) that satisfy a physiological need. This implies that such rein-
forcers will become less effective over the course of training, and this is, in 
fact, what happens.

It is not possible to guarantee that a given consequence will reinforce be-
havior, but motivating operations do improve the odds. As a twist on the 
old adage puts it, you can’t force a horse to drink, but you can make him 
thirsty.

Other Variables

The variables just reviewed are among the most important in determining the 
effectiveness of reinforcement, but many other variables play a part. Previous 
learning experiences are particularly important. For instance, though it may 
be counterintuitive, having to work hard for a reinforcer or having to wait a 
long time for its delivery seems to make it more effective in the future (Zentall 
& Singer, 2007). 

Another important variable is the role of competing contingencies: The 
effects of reinforcing a behavior will be very different if the behavior also pro-
duces punishing consequences or if reinforcers are simultaneously available 
for other kinds of behavior (Herrnstein, 1970). Every student feels the pull of 
nonacademic activities. Even students who enjoy their classes fi nd that some-
times they would rather lie on the grass or hang out with friends. Similarly, 
one of the main reasons we procrastinate is that there are more appealing (i.e., 
reinforcing) things to do than the things on our “to do” lists. 

Reinforcement is far more complicated than is usually supposed by those 
who incorrectly refer to it as trial-and-error learning.
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Figure 5-11 Food deprivation and learning. Rats that had been deprived of food learned 
to run a maze (at the end of which they found food) more efficiently than rats that had 
not been deprived of food. (Adapted from Tolman and Honzik, 1930b.)
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 REVIEW  Reinforcement outcomes depend on a number of variables. These include the de-
gree of contingency, contiguity, reinforcer characteristics, task characteris-
tics, motivating operations, and other variables.

Neuromechanics of Reinforcement
It seems obvious that there must be a physiological mechanism underlying re-
inforcement. To put it another way, there must be something in the brain that 
tells us, when behavior produces a reinforcing consequence, “Hey! That was 
good. Do it again” (Flora, 2004). What is it, physiologically speaking, that tells 
us to “do it again”?14

Perhaps the fi rst major breakthrough in answering this question came 
with a brilliant experiment conducted in the 1950s by James Olds, an Ameri-
can psychologist then doing postdoctoral work at McGill University in 
 Canada, and a Canadian graduate student named Peter Milner. Together they 
implanted an electrode in a rat’s brain and connected the electrode by a wire 
to a weak electrical source. Though tethered by its thin cable, the rat was free 
to wander around in its experimental area (see Figure 5-12). There was a lever 
available to the rat, and if it pressed it this would complete the electrical cir-
cuit between the electrode and the power source. In other words, if the rat 
pressed the lever, its brain got a mild electric jolt. Sooner or later the rat was 
bound to press the lever. The question was, would it do so again?

It did. Again and again. And again. And again. It wandered about a bit be-
tween jolts, but it kept returning to the lever and pressing it. The electrical 
stimulation of its brain was clearly reinforcing.

Olds and Milner (1954) had demonstrated the reinforcing potential of elec-
trical stimulation of the brain, or ESB. A great deal of research has been done 
since the early days of ESB. Researchers used ESB to reinforce behavior in a 
variety of animals including fi sh, rabbits, dogs, monkeys—and humans (see, 
for example, Bishop, Elder, & Heath, 1963). One of the more controversial dem-
onstrations of ESB comes from Sanjiv Talwar and his colleagues (2002) at the 
State University of New York in New York City. Talwar attached remotely 
controlled electrodes to the brains of rats so that they could deliver ESB from a 
distance. Talwar was able to reinforce forward movement, right turns, and left 
turns and was thereby able to direct the rat’s course in much the same way 
that a hobbyist directs the course of a remotely controlled model airplane. 
 Although the rats were free to move about as they wished, the researchers ef-
fectively controlled their movement with ESB reinforcement. In fact, their 
control over the rats was so effective that journalists called them robo-rats.15 

The work of Olds and Milner and others suggested that the implanted 
electrodes stimulated the brain’s “reward center,” and the implication was 

14The answer to this question has proved elusive, and at this point the best we can say is that 
there are some intriguing hints that have inspired a great deal of interesting speculation. What 
follows is a brief summary of some of the most intriguing hints and most interesting specula-
tions, but let the buyer beware.
15This study raises ethical concerns that have not escaped anyone’s attention, including 
Talwar’s.
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that ordinary reinforcers might be reinforcing because they, too, had the 
power to stimulate this center. The reward center is now more often called 
the reward pathway or reward circuit. In humans, it is thought to be an area 
in the septal region (the area separating the two cerebral hemispheres) and 
running from the middle of the brain to the frontal cortex (part of the think-
ing area of the brain). Picture a bus line running from a point midway be-
tween your ear canals to your forehead, and you’ll have a very rough idea of 
where the reward pathway is located. This region is rich in dopaminergic 
 neurons—cells that, when stimulated, produce dopamine.16 Dopamine is one 
of the brain’s major neurotransmitters (a chemical that transmits an impulse 
from one neuron to another) and, more importantly for our purposes, one 
source of a natural “high.” 

Just about anything good that happens to us seems to produce an increase 
in dopamine. Eat a hot fudge sundae, look at the picture of an attractive per-
son, win a bet, drink cold water on a hot day, and your brain is briefl y bathed 
in dopamine. 

How much dopamine is released by a particular event varies. All addic-
tive drugs induce a dopamine release, but cocaine has a stronger effect than, 
say, alcohol. Sexual climax, nor surprisingly, produces dopamine, but not so 
much as cocaine. 

The same event can result in different amounts of dopamine depending on 
circumstances. For example, unexpected reinforcers produce more dopamine 
than expected reinforcers. In one experiment, Jeffrey Hollerman and Wolfram 
Schultz (1998) of Cambridge University in England presented monkeys with 
pairs of pictures. If the monkey touched the correct picture, it got a bit of apple 
juice; if it picked the wrong one, it got nothing. During the experiment the re-
searchers monitored the level of dopamine in the monkey’s brain. Dopamine-
producing neurons were active during the early trials, when the monkey was 
beginning to learn the task, but became less active as it became more skilled. 
Periodically, however, the researchers gave the monkey an extra, unexpected 
shot of juice, and this produced an increase in dopamine production. 

Figure 5-12 Brain stimulation as reinforcement. A rat exploring a tabletop enclosure 
received electrical stimulation of its brain whenever it wandered into a certain area. It 
repeatedly returned to this area. The dotted line pointing upward represents the connec-
tion to the source of electrical stimulation. (From James Olds, “CNS and Reinforcement 
of Behavior,” American Psychologist, 1969, 24, p. 115, fi gure 1. Copyright 1969 by the 
American Psychological Association. Reprinted by permission.)

16But see Margolis et al. (in press), who could not fi nd a reliable identifi er for dopamine- 
producing cells, which means it is hard to verify that the reward pathway really has an 
unusually high proportion of these neurons. 
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 Query 11:  Positive reinforcement is associated with the release of  

in the brain.

It is interesting to note that this and similar fi ndings correspond to be-
havioral data showing large gains in learning in the early stages of training, 
followed by steadily smaller gains. This produces the familiar decelerating 
learning curve. It is possible that one reason for the decline in the rate of 
learning is that the consequence is less and less surprising and therefore pro-
duces less and less dopamine. It raises the possibility, well worth examining 
experimentally, that if we provided several very different reinforcers during 
training, the rate of learning would not decline so rapidly. For example, the 
same food might be used as a reinforcer for the fi rst three trials, followed by a 
different sort of food for two trials, then the original food for one trial, then a 
third kind of food for two trials, and so on. As far as I know, this line of re-
search has not been explored systematically, but some research on the use of 
different reinforcers has provided support for the idea.17

Reinforcement is a powerful survival tool, so powerful that without it our 
species, and possibly any animal species, would not exist. But reinforcement 
has its down side: Food is so reinforcing that many people become overweight. 
Alcohol’s reinforcing powers can result in alcoholism. Gambling wins are so 
reinforcing they can establish a losing lifestyle. 

Experiments on dopamine suggest why. In some experiments with ESB, 
rats have pressed a lever nonstop until they passed out from exhaustion. When 
they awakened, they returned to the lever. They did not groom themselves or 
explore their surroundings, as rats ordinarily do, nor did they eat or drink, 
though food and water were freely available. They just worked and slept, 
worked and slept, worked and slept, until they died. The pleasure derived from 
their ESB jolt was apparently so powerful that nothing else mattered. 

Something akin to this can be seen in drug addicts. Addictive drugs 
 stimulate the reward pathway, releasing dopamine. Crack cocaine provokes a 
dopamine fl ood. Some abusers devote virtually every waking moment to 
thinking about, seeking, and using the drug, doing only as much work (legal 
or illegal) as is necessary to pay for their next “hit.” They do not seem very 
different from the self-destructive rat that lever presses incessantly for ESB. 

Dopamine is a precursor for (i.e., it is converted into) epinephrine, better 
known as adrenaline, another important neurotransmitter. Adrenaline also 
provides a rush. An adrenaline high seems to be the chief reason some people 
participate in (i.e., fi nd reinforcing) certain forms of dangerous activities, such 
as rock climbing, bungee jumping, and skydiving. I recall a successful lawyer 
who went skydiving every weekend he could. After a jump, apparently in a 
state of something approaching euphoria, he waxed enthusiastically about his 
sport and ended, “I want to do it again and again and again and again and 
again!” As Flora (2004) points out, that is almost a defi nition of reinforce-
ment: a consequence that makes us want to do something again. 

17See Goeters, Blakely, & Poling (1992) and the discussion of the differential outcomes effect in 
Chapter 10.
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Bryan Fry, a biologist at the University of Melbourne, provides another ex-
ample. Fry’s specialty is poisonous snakes. He goes into the wild seeking the 
biggest, most dangerous snakes he can fi nd, including the inland taipan, an 
Australian snake that can reach three meters in length with a venom 50 times 
more toxic than cobra venom. If it bites you, you are dead. Fry fi nds the 
snakes, catches them, grabs them by their head, and squeezes venom from 
them for laboratory analysis. Why does he do it? “Working with some of these 
snakes is the biggest adrenaline rush you could ever do. I used to do extreme 
ski-jumping and big wave surfi ng, but none of that can touch working with 
some of these animals” (quoted in Zimmer, 2005, p. F1). 

The point is that it looks as though some neurotransmitters may be at the 
core of what makes certain experiences reinforcing. No doubt many more 
 discoveries will be forthcoming about the neurological mechanisms of rein-
forcement. But it is a mistake to assume, as so many people now do, that brain 
research will one day make studies of the role of experience obsolete. Many 
people seem to think that if we know what is going on in the brain, we don’t 
need to bother about what is going on in the environment. It is important to 
remember that what triggers the release of dopamine is usually what is hap-
pening outside the body. 

The situation is analogous to the relationship between environment and 
the genes. Many people still think of genes as dictating physical features and 
even much of our behavior. But as you saw in Chapter 1, that view has fallen 
by the wayside, at least among biologists. They now see genes as responding 
to environmental events, events that have the power to turn them “on” or 
“off.” This does not mean that genes are unimportant, or even that they are 
less important than the environment; it just means that genes do not them-
selves dictate events. The same thing is true of the relationship between neu-
rophysiology and behavior. What goes on in the brain during reinforcement is 
important, but what goes on there is usually triggered by events that occur in 
the environment. In a sense, it is the consequences of behavior that “turn on” 
or “turn off” the cells that release dopamine.

Consider this analogy: If we wish to understand how a person rides a bi-
cycle, an understanding of the mechanics of the bicycle itself (the way the 
steering works, the way the pedals move the wheels, and so on) will help. But 
we would not say that once we have mastered the mechanics of the bicycle we 
have explained bicycle riding. We must also consider the behavior of the rider. 
The bicycle does not, after all, ride itself. In the same way, an understanding 
of the neuromechanics of reinforcement is important, but it cannot, by itself, 
provide a complete understanding of behavior change. We must also consider 
the “behavior” of the environment. The brain does not ride itself.

 REVIEW  Reinforcement must be mediated by anatomical structures and physiological 
processes. Research to date suggests that the structures are neurons in the 
septal region of the brain. The neurons most intimately involved seem to be 
those that produce dopamine and adrenaline, both of which produce generally 
positive sensations. A complete understanding of reinforcement will require 
an understanding of the effects of reinforcers in the brain, but neurophysiol-
ogy cannot, in itself, provide a complete understanding of reinforcement.



The importance of reinforcement in behavior change is disputed by many psycholo-
gists, especially those whose specialty falls outside of learning. The argument is that 
reinforcement motivates behavior, but is unimportant to learning. 

In one commonly cited study, Edward C. Tolman and C. H. Honzik (1930a) put 
rats into a maze every day for several days and plotted the average number of errors 
(with error defi ned as entering a blind alley) per day on a graph. All of the rats had 
been deprived of food. Some of the rats received food at the end of the maze on all tri-
als; others never received food; and still others received no food for the fi rst ten days 
and then received food after each trial. The average number of errors declined for all 
three groups, but rats that received food from day one showed a much sharper decline 
in errors over the fi rst ten days than the other rats, which received no food during this 
period. The most interesting fi nding, however, was the performance of rats in the third 
group, the ones that received food beginning on day 11. For the fi rst ten days, the per-
formance of these rats showed a slow decline in errors, but after day 11, the day they 
found food at the end of the maze, their average number of errors fell precipitously. In-
deed, they made fewer errors on day 12, and on subsequent days, than did the rats that 
had always received food (see Figure 5-13). 

Tolman and Honzik concluded from this and similar fi ndings (e.g., Blodgett, 1929) 
that the rats learned a great deal as they went through the maze but the learning was 
“latent.” It did not appear until the food provided an incentive to use what they had 
learned. The idea of latent learning had wide appeal and is still cited as evidence that 
reinforcers provide motivation but are not necessary for learning to occur. 

Other researchers took up the challenge of latent learning and did experiments 
suggesting that other reinforcers were at work. For example, on reaching the end of the 
maze, all of the rats were picked up and handled, were returned to their familiar home 
cages, and were later fed, all possible reinforcers. In addition, rats naturally explore 

Latent Learning
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their environments, and the sites and odors of corridors might well provide subtle 
reinforcers.

The result of the research was that latent learning became a “blind alley” (Catania, 
2007) because the question of whether reinforcement was required for learning could 
not be resolved. Nevertheless, psychology texts today persist in citing latent learning as 
evidence that reinforcement is unimportant to learning. 

Recently Robert Jensen (2006) pointed out that the diffi culty stems partly from the 
history of the fi eld. Thorndike proposed the idea that learning involves the formation of 
a connection or bond between a stimulus and a response and that this bond is 
“stamped in” by the consequence that follows it. Clark Hull (1943, 1952), a dominant 
fi gure in learning in the 1940s and 1950s, also equated learning with the formation of 
S-R connections and accepted the idea that the connection is formed by the reinforc-
ing consequence. The implicit assumption of this view is that connections are formed, 
and this changes behavior. 

As Jensen suggests, the diffi culty is resolved by changing the way we think about 
learning. B. F. Skinner (1950) proposed abandoning the S-R bonds and the “stamping 
in” function of reinforcement. Changes in behavior are not the result of learning (the 
formation of an S-R connection), Skinner said, changes in behavior are learning. 

Another Tolman and Honzik (1930b) experiment demonstrates the value of Skin-
ner’s view. In this experiment, they compared rats that always found food at the end of 
the maze, rats that never found food, and rats that found food for the fi rst ten days but 
not thereafter. The result was that, for the fi rst ten days, rats that received food showed 
a sharper decline in errors than rats that did not. However, beginning on day 12, the 
rats that no longer found food showed a sharp increase in errors (Figure 5-14). Jensen 
(2006), tongue in cheek, asks, “What shall we call this phenomenon, ‘latent forget-
ting’?” (p. 200). 

If learning is a change in behavior due to experience, then nothing could be more 
clear from the work of Tolman and Honzik than that making food contingent on be-
havior produced learning. 

Image not available due to copyright restrictions
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Extinction of Reinforced Behavior
You will recall that in classical conditioning, extinction means repeatedly 
presenting the CS without the US. Following operant learning, extinction 
means withholding the consequences that reinforce a behavior.

In an early study of extinction, Skinner (1938) trained rats to press a lever 
and then, after reinforcing about a hundred lever presses, disconnected the 
feeding mechanism. Everything was as it had been during training, except 
that now lever pressing no longer produced food. The result, as you might ex-
pect, was a gradual decline in the rate of lever pressing (see Figure 5-15).18

Although the overall effect of extinction is to reduce the frequency of the 
behavior, the immediate effect is often an abrupt increase in the behavior on 
extinction. This is called an extinction burst. When extinction is used to treat 
practical behavior problems, the extinction burst gives the impression that 
the procedure has made the problem worse, rather than better. If extinction is 
continued, however, the extinction burst is typically followed by a steady and 
fairly rapid decline in the behavior. 

Another effect of extinction is an increase in the variability of behavior. 
That is, the individual seems to operate on the principle, “If at fi rst you don’t 
succeed, try something else!” Often the something else will be a variation of 
the previously reinforced behavior. We can make use of this phenomenon dur-
ing shaping: After repeatedly reinforcing an approximation of the desired be-
havior, we can withhold reinforcement. This increases the variability of the 
behavior, which makes it likely that a better approximation of the desired be-
havior will appear. When it does, it can be reinforced. This use of extinction 
during shaping is a delicate procedure, however, because if one waits too long 
for a better approximation, the behavior may deteriorate.

Extinction also often increases the frequency of emotional behavior, par-
ticularly aggression. Rats that have received food for pressing a lever have 
been known to bite the lever when pressing it no longer produced reinforce-
ment. The aggression will be directed at another animal if one is handy, even 
though the other animal was in no way responsible for the failure of the rein-
forcer to arrive (Azrin, Hutchinson, & Hake, 1966; Rilling & Caplan, 1973). 
Research also provides evidence that extinction can produce an increase in 
aggressive behavior in humans (e.g., Todd, Besko, & Pear, 1995). The tendency 
of extinction to provoke aggressive behavior will be familiar to anyone who 
has ever kicked a stuck door, slammed down a telephone receiver when a call 
did not go through, or pounded on a defective vending machine.

One extinction session is often not enough to extinguish behavior. This is 
often so even when the extinction session lasts for several hours and involves 
hundreds or even thousands of unreinforced acts. What usually happens is 
this: The rate of the previously reinforced behavior declines and fi nally stabi-
lizes at or near its pretraining level. Extinction appears to be complete. If, 
however, the animal or person is later put back into the training situation, the 
extinguished behavior occurs again, almost as though it had not been on ex-
tinction. You may recall that this reappearance of a previously extinguished 
behavior also occurs during Pavlovian extinction and is called spontaneous 

18Figure 5-15 shows extinction on a cumulative record. The same data can be presented as 
number of responses per minute, in which case the data line will resemble that in Figure 3-10.
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recovery (see Chapter 3). In general, the longer the interval between the two 
extinction sessions, the greater the recovery. 

We may witness spontaneous recovery in everyday situations. A person 
who has made a number of unsuccessful attempts to get food from a defective 
vending machine may give up but may try once again when passing by the 
machine later in the day. This reappearance of the behavior is spontaneous re-
covery. Likewise, the teacher who fi nds that he has been reinforcing silly 
comments from students by smiling when they are made may put the behav-
ior on extinction by not smiling. The frequency of silly remarks will fall off 
but may then reappear unexpectedly. In the absence of reinforcement, behav-
ior that has spontaneously recovered soon drops out again. However, behavior 
that reappears after extinction often is reinforced. The person who tries the 
vending machine after numerous failures may fi nd that it now works, and the 
teacher who has extinguished silly remarks may laugh out loud when one of 
the students says something foolish. 

Another effect of extinction is the reappearance of previously reinforced 
behavior, a phenomenon called resurgence (Epstein, 1983, 1985; Mowrer, 
1940). Suppose a pigeon is trained to peck a disk, and then this behavior is ex-
tinguished. Now suppose some new behavior, such as wing fl apping, is rein-
forced. When the bird is fl apping steadily, this behavior is put on extinction. 
What does the bird do? Wing fl apping declines, as expected, but something 
unexpected also occurs: The bird begins to peck the disk again. As the rate of 
wing fl apping declines, the rate of disk pecking increases (see Figure 5-16). 

Resurgence has been observed by many researchers over the past 50 years. 
Karen Pryor (1991) describes an instance of resurgence in a porpoise. An ani-
mal named Hou received reinforcement for performing a behavior learned in 
the previous training session. If this behavior were not reinforced, Hou would 
then run through its entire repertoire of previously learned stunts: breaching, 
porpoising, beaching, and swimming upside down.

The notion of resurgence may help us understand what some clinicians 
call regression, the tendency to return to more primitive, infantile modes of be-
havior (Epstein, 1985; Mowrer, 1940). The man who is unable to get his wife to 
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Figure 5-15 Extinction curve. This cumulative record shows the decrease in response 
rate of one rat when lever pressing no longer produced food. (Compare Figure 5-4.) 
(Adapted from The Behavior of Organisms: An Experimental Analysis [p. 75], by B. F. 
Skinner, 1938, New York: Appleton-Century-Crofts. Copyright © 1938, renewed 1966. 
Reprinted by permission.)
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behave as he would like by asking her nicely may resort to having a tantrum, a 
form of behavior that got good results with his mother when he was a boy. The 
behavior “asking nicely” is on extinction, and the man reverts to a form of be-
havior that had been reinforced in similar  situations in the past. This is not to 
say that the man thinks, “Well, asking nicely isn’t working, so I’ll try tan-
trums; that always worked with Mom.” The behavior may very well be uncon-
scious, meaning that he cannot specify the learning history that produced it. 
However, Robert Epstein notes that there is no need to assume, as Freud did, 
that the behavior that resurges will be more primitive than the behavior it re-
places. It need only be a behavior that was once reliably reinforced; it may be 
more primitive than the behavior now on extinction, but it need not be.

If a behavior is kept continuously on extinction, it will continue to de-
cline in frequency. When the behavior no longer occurs, or occurs no more of-
ten than it did before reinforcement, it is said to have been extinguished. The 
rate at which extinction occurs depends on a number of factors, including the 
number of times the behavior was reinforced before extinction (Williams, 
1938; see Figure 5-17), the effort the behavior requires (Capehart, Viney, & 
Hulicka, 1958; see Figure 5-18), and the size of the reinforcer used during 
training (Reed, 1991).

Extinction and reinforcement are parallel procedures, but they do not 
have equal effects: One nonreinforcement does not “cancel out” one rein-
forcement. Skinner (1938) noticed that a single reinforcement might be fol-
lowed by dozens of unreinforced lever presses. On one occasion he provided 
one reinforcement, consisting of three food pellets, and the rat then pressed 
the lever 60 more times even though it received no more food. Thus, behavior 
is usually acquired rapidly and extinguished slowly (Morse, 1966).

Although the rate at which a behavior declines during extinction will 
vary, the eventual result is the same. It is not possible to say, however, that ex-
tinction entirely erases the effects of previous reinforcement. Even after per-
forming an act thousands of times without reinforcement, the behavior may 
occur with a frequency that slightly exceeds its base line level. There is con-
siderable doubt, in fact, about whether a well-established behavior can ever be 
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truly extinguished, in the sense that it is no more likely to occur than it was 
before training (see, for example, Razran, 1956). To paraphrase Shakespeare: 
What’s done can ne’er be (entirely) undone.

 REVIEW  Reinforcement increases the frequency of behavior. Withholding reinforce -
ment, a procedure called extinction, results in a decline in the frequency of 
the  behavior. Extinction has other effects, including the extinction burst 
and an increase in the variability of behavior. During extinction, other previ-
ously effective behaviors may appear, a phenomenon known as resurgence. 
Following extinction, the extinguished behavior may suddenly reappear; this 
is called spontaneous recovery.
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Theories of Reinforcement
We often hear that “practice makes perfect,” as if merely performing a skill 
repeatedly would lead inevitably to mastery. Thorndike showed, however, that 
this idea is in error.

Thorndike (1931/1968) conducted several experiments intended to sepa-
rate the infl uence of practice from that of reinforcement. In one experiment, 
he tried to draw a 4-inch line with his eyes closed. He drew the line over and 
over again for a total of 3,000 attempts, yet there was no improvement. On the 
fi rst day of practice, the lines varied from 4.5 to 6.2 inches; on the last day, 
they varied from 4.1 to 5.7 inches. The medians for each day also revealed no 
evidence of learning (see Figure 5-19). In a similar experiment, Thorndike 
(1927) had students draw a 4-inch line 400 times without feedback; there was 
no improvement. After this he had the students draw the line 25 more times, 
but this time he allowed them to open their eyes after each attempt to see the 
results of their effort; this time there was marked improvement. Thorndike 
concluded that practice is important only insofar as it provides the opportu-
nity for reinforcement. 

But why do reinforcers strengthen behavior? Many psychologists have at-
tempted to solve the riddle; we will consider the efforts of Hull, Premack, and 
Timberlake and Allison.

Hull’s Drive-Reduction Theory

Clark Hull (1943, 1951, 1952) believed that animals and people behave because 
of motivational states called drives. For him, all behavior is literally driven. 
An animal deprived of food, for example, is driven to obtain food. Other drives 
are associated with deprivation of water, sleep, oxygen, and sexual stimula-
tion. A reinforcer is a stimulus that reduces one or more drives. 
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Hull’s drive-reduction theory works reasonably well with primary rein-
forcers such as food and water because these reinforcers alter a physiological 
state. But there are many reinforcers that do not seem to reduce physiological 
needs. Teachers more often reinforce behavior with positive feedback (e.g., 
“OK,” “That’s right”) and praise than with food and water. Employers are 
more likely to strengthen desirable employee behavior with bonuses and com-
mendations than with sleep. Yet there is no evidence that feedback, praise, 
money, and commendations satisfy physiological drives. How, then, can rein-
forcement be explained in terms of drive reduction? Hull answered this criti-
cism by suggesting that such secondary reinforcers derive their reinforcing 
powers from, and are therefore dependent on, their association with drive- 
reducing primary reinforcers.

The distinction between primary and secondary reinforcers is widely ac-
cepted today, but Hull’s critics were not satisfi ed that this distinction saved 
his theory. They pointed out that some reinforcers are hard to classify as pri-
mary or secondary. For instance, Einar Siqueland and Clement Delucia (1969) 
modifi ed a pacifi er so that it could be used to control the focus of a pattern on 
a television screen. When an infant sucked on the pacifi er, the image came 
into focus; when the baby stopped sucking, the image became blurred. The re-
sult was that sucking increased; in other words, the appearance of a sharp im-
age reinforced sucking. But why does a focused image reinforce behavior? Is 
there a physiological drive that focused images satisfy? Have focused images 
been paired with other reinforcers, such as food?

Even reinforcers that normally seem related to a physiological condition 
may not depend on drive reduction. For instance, male rats fi nd the opportu-
nity to copulate with a sexually receptive female reinforcing, a fact that seems 
consistent with Hull’s theory. But Frederick Sheffield and his colleagues (1951, 
1954) found that rats would work for such an opportunity even when the rats 
were interrupted before the male ejaculated. Copulation without ejaculation 
would not seem to reduce a drive, yet it was reinforcing. Is it reinforcing be-
cause copulation has been associated with other reinforcers? How likely is that 
in a rat? Moreover, edible substances such as saccharin that have no nutritional 
value, and therefore no drive-reducing value, nevertheless are reinforcing. 

Because of such problems, most psychologists today fi nd Hull’s drive- 
reduction theory an unsatisfactory explanation of why reinforcers work. There 
are just too many reinforcers that neither reduce drives nor acquire their rein-
forcing properties from their association with primary reinforcers. Hull is not 
without his defenders (see Smith, 1984), but most researchers fi nd other theo-
ries of reinforcement more attractive.

Relative Value Theory and the Premack Principle

David Premack (1959, 1965) took an altogether different approach to the prob-
lem of reinforcement. Whereas reinforcers are ordinarily viewed as stimuli, 
Premack noticed that they could be thought of as behavior. Take the case of 
reinforcing lever pressing with food. The reinforcer is usually said to be the 
food itself, but it can just as easily be considered the act of eating.

It is clear, said Premack, that in any given situation some kinds of behav-
ior have a greater likelihood of occurrence than others. A rat is typically more 
likely to eat, given the opportunity to do so, than it is to press a lever. Thus, 
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different kinds of behavior have different values, relative to one another, at 
any given moment. It is these relative values, said Premack, that determine 
the reinforcing properties of behavior. This theory, which may be called the 
relative value theory, makes no use of assumed physiological drives. Nor does 
it depend on the distinction between primary and secondary reinforcers. To 
determine whether a given activity will reinforce another, we need know only 
the relative values of the activities.

As a measure of the relative values of two activities, Premack suggested 
measuring the amount of time a participant engages in both activities, given a 
choice between them. According to Premack

reinforcement involves a relation, typically between two responses, one 
that is being reinforced and another that is responsible for the reinforce-
ment. This leads to the following generalization: Of any two responses, 
the more probable response will reinforce the less probable one. (1965, 
p. 132)

This generalization, known as the Premack principle, is usually stated 
 somewhat more simply: High-probability behavior reinforces low-probability 
behavior. It might also be stated this way, although some authorities might 
object: Strong behavior strengthens weak behavior. (Keep in mind that 
“strong” merely means likely to occur, resistant to extinction, and the like.)19

The Premack principle suggests that if a rat shows a stronger inclination 
to drink than to run in an exercise wheel, drinking can be used to reinforce 
running. Premack (1962) tested this idea by conducting an experiment in 
which he deprived rats of water so that they were inclined to drink and then 
made drinking contingent on running: To get a drink, the rats had to run. The 
result was that the time spent running increased. In other words, drinking re-
inforced running.

 Query 12:  According to the Premack principle,  behavior 

 reinforces  behavior.

Premack’s theory says that it is the relative value of activities that deter-
mines their reinforcement value. This theory implies that the relationship be-
tween drinking and running could be reversed, that running could reinforce 
drinking if the relative value of running could be made greater than that of 
drinking. Premack tested this idea by providing rats with free access to water 
but restricting their access to the exercise wheel. He then made running con-
tingent on drinking: To get to the exercise wheel, the rats had to drink. Under 
these circumstances, drinking increased. In other words, running reinforced 
drinking (see Figure 5-20).

In another experiment, Premack (1959) gave fi rst graders the opportunity 
to eat candy dispensed from a machine or to play a pinball machine. The chil-
dren could stick with one activity or alternate between the two. Some chil-
dren spent more time at the pinball machine; others preferred to eat candy. 
After identifying these relative values, Premack made access to each child’s 
more probable behavior contingent on performance of that child’s less  probable 

19For more on the current status of the Premack principle, see Klatt and Morris (2001).
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behavior. For instance, a child who preferred to spend time playing pinball 
now had to eat candy to get access to the pinball machine. The result was that 
the less probable behavior increased.

Premack’s theory of reinforcement has the advantage of being strictly em-
pirical; no hypothetical concepts, such as drive, are required. An event is re-
inforcing simply because it provides the opportunity to engage in preferred 
behavior. The theory is not, however, without its problems. One problem con-
cerns those troublesome secondary reinforcers. As Premack (1965) himself 
notes, his theory does not explain why the word yes (for example) is often re-
inforcing. Another problem with the theory is that low-probability behavior 
will reinforce high-probability behavior if the participant has been prevented 
from performing the low probability behavior for some time (Eisenberger, 
Karpman, & Trattner, 1967; Timberlake, 1980). The latter problem has led 
some researchers to turn to response deprivation theory.

Response Deprivation Theory

Because of the problems with Premack’s relative value theory, William Tim-
berlake and James Allison (1974; Timberlake, 1980) proposed a variation of it 
called response deprivation theory. (It is also sometimes called equilibrium 
theory or response restriction theory.) The central idea of this theory is that 
behavior becomes reinforcing when the individual is prevented from engaging 
in it at its normal frequency.

Any behavior that occurs with some frequency has a baseline level. For 
instance, if a rat is given the opportunity to drink or run in an exercise wheel 
whenever it likes, it will, over a period of time, establish steady rates for each 
behavior. Response deprivation theory predicts that if we restrict access to 
drinking, so that the rate of drinking falls below the baseline level, the rat 
will engage in behavior that provides access to water. In other words,  drinking 
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will be reinforcing. If the rat is allowed to drink freely, but its access to the 
exercise wheel is restricted so that the rate of running falls below the baseline 
level, the rat will engage in behavior that provides access to the exercise 
wheel. In other words, running will be reinforcing.

This all sounds very similar to Premack’s relative value theory, and in-
deed, response deprivation theory is an extension of Premack’s work. The dif-
ference is that response deprivation theory says that the relative value of one 
reinforcer to another is not vital; what is vital is the extent to which each be-
havior occurs below its baseline rate. Put another way, a behavior is reinforc-
ing to the extent that the individual has been prevented from performing that 
behavior at its normal rate.

Response deprivation theory predicts that the opportunity to engage in 
any behavior that has fallen below the baseline level will be reinforcing. For 
instance, suppose a boy normally watches television for three or four hours 
each evening. This, then, is his baseline rate for this activity. Now suppose 
something disrupts this pattern of behavior. With television viewing reduced 
to, say, one hour, he is likely to engage in activities that provide access to tele-
vision. If carrying out the garbage or performing other household chores earns 
him a chance to watch television, the frequency of such activities is likely to 
increase.

 Query 13:  According to response deprivation theory, school children are eager to go to 

recess because they have been  deprived of the opportunity to 

  .

Response deprivation theory works well enough for many reinforcers, 
but like the theories of Hull and Premack, it has trouble explaining the rein-
forcing power of yes. Words such as yes, right, and correct can be powerfully 
reinforcing. Recall that when Thorndike provided such feedback to students 
 attempting to draw a 4-inch line while blindfolded, they improved rapidly 
(Thorndike, 1927). How are we to fi t such fi ndings into response deprivation 
theory? Still, response deprivation theory provides an intriguing way of look-
ing at the problem of reinforcement.

The theories of reinforcement considered so far concentrate on positive re-
inforcement. Some researchers have focused their attention on explaining 
avoidance, and it is to these theories that we now turn.

 REVIEW  Many theorists have wondered what it is about reinforcers that makes them 
reinforcing. Hull proposed the drive-reduction theory, based on the idea that 
 reinforcers reduce a drive caused by physiological deprivation. Premack’s rela-
tive value theory discards the drive concept and argues that reinforcers are 
effective because they provide access to preferred kinds of behavior. The re-
sponse deprivation theory of Timberlake and Allison suggests that reinforce-
ment depends on the discrepancy between the baseline rate of a behavior and 
the present opportunity to perform the behavior.
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Theories of Avoidance
In negative reinforcement, a behavior is strengthened when it is followed by 
the removal of a stimulus. This stimulus is an aversive event—that is, some-
thing the animal or person will normally escape or avoid, given the opportu-
nity. Richard Solomon did research on negative reinforcement with shuttle 
boxes. In one study, Solomon and Lyman Wynne (1953) put a dog in one com-
partment of a shuttle box. After a time the light in the compartment went off, 
and 10 seconds later the dog received a shock through the fl oor. Typically the 
dog whimpered and moved about in an agitated manner for a time and then 
jumped over the hurdle to the second compartment. The light in this com-
partment was on, and there was no shock. Sometime later the light went out 
and, 10 seconds later, the fl oor would again provide a shock. The dog again es-
caped the shock by jumping to the other compartment. With each trial the 
dog endured the shock for a shorter period before jumping. Soon it jumped the 
instant the shock began. Eventually the dog began jumping when the light 
went off and thereby avoided shock entirely. After once avoiding shock, most 
dogs received few additional shocks. 

The same sort of experiment has been repeated many times with rats and 
other creatures, including (in modifi ed form) humans, and the results are al-
ways the same. 

The fact that an animal jumps a hurdle when shocked is not particularly 
puzzling: Escape from an aversive stimulus is reinforcing. But why does it 
perform an act that avoids shock? As Murray Sidman (1989a) noted, “Success-
ful avoidance meant that something—the shock—did not happen, but how 
could something that did not happen be a reinforcer?” (p. 191). After all, Sid-
man adds, things are not happening all the time! It seems illogical to say that 
things that do not happen can explain things that do happen, so explaining 
avoidance became a major theoretical problem. Two main accounts of avoid-
ance have been offered, two-process theory and one-process theory.

Two-Process Theory

Two-process theory says that two kinds of learning experiences are involved 
in avoidance learning, Pavlovian and operant (Mowrer, 1947). Consider the 
dog that learns to jump a hurdle to escape a shock. A light goes off, and shortly 
afterward the dog receives a shock. Soon after that the dog jumps over the 
hurdle to a shock-free compartment. Escaping shock is negatively reinforcing, 
so the dog soon jumps the hurdle as soon as the shock begins. 

But wait: If the trials continue, the dog begins to jump the hurdle before it 
is shocked. It learns not only to escape shock but also to avoid it. Why? What 
reinforces jumping when there is no shock to escape? 

This is where Pavlovian conditioning comes in. Recall that before the 
shock begins, a light goes out. Shock is a US for fear. Any stimulus that reli-
ably precedes a US for fear becomes a CS for fear. So, through Pavlovian condi-
tioning, the extinguished light becomes a CS for fear. The dog can escape this 
aversive stimulus (the dark chamber) by jumping the hurdle, and this is what 
it does. Thus, jumping before receiving a shock is reinforced by escape from 
the dark compartment. 
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According to two-process theory, then, there really is no such thing as 
avoidance, there is only escape: First the dog escapes the shock, and then it es-
capes the dark chamber. 

 Query 14:  The two processes in two-process theory are  and 

  .

Two-process theory fi ts all the essential facts. In addition, the theory leads 
to logical predictions that can be tested. In one experiment, Neal Miller (1948) 
demonstrated that escape from an aversive situation can reinforce behavior. 
He put rats into a white compartment and shocked them. They soon learned 
to jump through a door to a neighboring black compartment where they did 
not receive shocks. Miller put the rats in the white compartment again, but 
this time he did not shock them. Once again the rats went to the black com-
partment, even though there were no shocks to escape. The rats, it seems, 
were escaping from the white compartment. Miller put the rats into the white 
compartment again, but this time he closed the door. The rats could escape to 
the black compartment by turning a wheel that opened the door, and they 
soon learned to do so even though, once again, there were no shocks in the 
white compartment (see Figure 5-21a). Miller put the rats into the white com-
partment and again closed the door, but this time turning the wheel did noth-
ing; to escape to the black compartment, the rats had to press a lever. The rats 
soon gave up on the wheel and learned to press the lever even though, as be-
fore, there were no shocks (see Figure 5-21b). These experiments suggest that 
pairing the white compartment with shock caused it to affect behavior in 
much the same way as the shock. Through association with shock, the white 
compartment had become a CS for fear, and escaping from it was reinforcing.

Unfortunately, not all tests of two-process theory have produced support-
ive evidence (Herrnstein, 1969). The idea that the avoidance behavior is rein-
forced by escape from an aversive CS leads logically to the prediction that if 
the CS were to lose its aversiveness, the avoidance behavior would cease to 
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occur. There is evidence that the signal for shock does lose its aversiveness, 
yet the avoidance response persists!

Solomon and Wynne (1953; see description above) noticed that the dogs in 
their study showed considerable evidence of fear of the CS in the early stages 
of learning, but once they had learned to avoid shock, the CS no longer seemed 
to trouble them. 

Leon Kamin and his colleagues (1963) conducted an experiment to see 
whether Solomon and Wynne were right. In their experiment, they fi rst 
trained rats to press a lever for food. Then they trained the animals to escape 
shock in a shuttle box, with the shock preceded by a tone. Training continued 
until the rats had made from 1 to 27 consecutive escapes. Then the research-
ers returned the rats to the original training chamber where they could press 
a lever for food.

You will recall that an aversive CS will reduce the rate of ongoing behav-
ior, a phenomenon called conditioned suppression (see Chapter 4). Kamin and 
his coworkers used conditioned suppression as a measure of the aversiveness 
of the sound that signaled shock. While the rats were in the chamber with the 
lever, the researchers sounded the tone to see whether it would suppress the 
rate of lever pressing. They found that the rats that had avoided shock 27 times 
showed less fear (i.e., conditioned suppression) than those that had avoided 
shock fewer times. This is consistent with what Solomon and Wynne noticed: 
Fear of the CS decreases as the animal learns to avoid shock. This fi nding 
poses a problem for two-process theory, for if the CS becomes less frightening 
as avoidance training continues, what reinforces the avoidance behavior?

A related problem for two-process theory has to do with the failure of 
avoidance behaviors to extinguish. Consider the rat that can avoid shock by 
jumping a hurdle when a tone sounds. As learning proceeds, the rat receives 
fewer and fewer shocks until fi nally it receives no shocks at all. When the rat 
avoids shocks, the tone and shock are no longer paired. This means that es-
caping the tone should become progressively less reinforcing. Two-process 
theory therefore leads to the prediction that the avoidance behavior, once 
learned, will begin to extinguish: The rat will delay longer and longer before 
jumping the hurdle until it fi nally receives a shock. Thus, we should see a pat-
tern of deteriorating avoidance behaviors followed by shock and escape. The 
predicted scenario is not, however, what happens. Instead, the animal steadily 
performs the avoidance behavior. Indeed, avoidance behaviors are remarkable 
for their persistence. Even after many trials without receiving a shock, the rat 
continues to jump the hurdle.

Two-process theory lost still more ground with Murray Sidman’s  research 
on what is now known as the Sidman avoidance procedure (Sidman, 1953, 
1966). In this procedure, the shock is not preceded by a tone or other signal. A 
rat receives shocks at regular intervals through a grid fl oor, but it can delay 
the shocks for 15 seconds by pressing a lever. If it presses the lever again be-
fore the end of this delay period, it earns another 15-second delay. Thus, by 
pressing the lever regularly, the rat can completely avoid shock. The impor-
tant aspect of the Sidman procedure is that there is no signal (no light going 
off, no tone sounding) correlated with impending shock.

Sidman found that not much happened at fi rst: the rat received shocks 
 periodically and, between shocks, it explored the chamber. But after several 
minutes, the rat began to press the lever and delay some shocks, therefore 
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 receiving fewer shocks each minute. This was bad news for two-process the-
ory because no signal means no aversive stimulus to escape, and escape from 
an aversive stimulus is what is supposed to reinforce avoidance behavior.

Douglas Anger (1963) proposed that there is a signal in the Sidman proce-
dure: time. The shocks, said Anger, occur at regular intervals. The passage of 
time therefore signals the approach of shock. The animal does not escape the 
CS in the same way it might by jumping a hurdle, but it is allowed to get “fur-
ther away” from the shocks—further away in terms of time, not distance.

Anger’s proposal raised a new dilemma: How could one rule out the pos-
sibility that time became a CS in escape-avoidance situations? Richard Herrn-
stein and Phillip Hineline (1966) provided an elegant solution to this problem. 
In their experiment, rats had a choice: If they pressed a lever at a steady rate, 
they would receive shocks an average of once every 20 seconds; if they did not 
press the lever, they would receive shocks an average of about once every 
7 seconds. Note that these shock intervals are merely averages: A rat might 
press the lever and get an immediate shock, or it might not press the lever and 
receive no shock for several seconds. Still, the rat was better off, in the long 
run, if it pressed the lever. What Herrnstein and Hineline had done was to 
render time useless as a possible signal for shock. According to two-process 
theory, no signal means no avoidance behavior, yet 17 of the 18 rats in the 
Herrnstein and Hineline experiment learned to press the lever and avoid 
shocks.

The problems with two-process theory have led many researches to em-
brace one-process theory.

One-Process Theory

One-process theory proposes that avoidance involves only one process: oper-
ant learning (Herrnstein, 1969; Sidman, 1962). Both escape and avoidance be-
haviors are reinforced by a reduction in aversive stimulation. Consider, once 
again, the dog in a shuttle box. A light goes off, and a few seconds later it re-
ceives a shock. Jumping a hurdle is reinforced by the termination of shock. So 
far, so good. But what is the reinforcer for avoiding shock? Two-process theo-
rists said that the absence of shock could not reinforce behavior: How can 
something that does not happen be a reinforcer? But one-process theory says 
that something does happen: There is a reduction in exposure to shock, and 
this is reinforcing.

The Herrnstein and Hineline (1966) study described above supports one-
process theory, and so do other experiments. But what about the extreme re-
sistance of avoidance behaviors to extinction? Can one-process theory explain 
this? One-process theory says that the animal that has learned to avoid shocks 
by jumping a barrier continues to do so because by doing so it continues to 
avoid shock. If this is the case, one way to get the animal to stop jumping the 
hurdle would be to prevent it from jumping after you have disconnected the 
shock apparatus. The animal would try unsuccessfully to jump the hurdle, 
and—nothing would happen. No shock! After several such trials, when the 
animal is again free to jump the hurdle, it should decline to do so. And this is 
just what happens. In fact, the best way to get an animal (or person) to stop 
performing an unnecessary avoidance behavior is to prevent the behavior 
from occurring.
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One-process theory of avoidance has an elegant simplicity, but it cannot 
be said to have won the day. In 2001, a prestigious journal devoted a special 
section to an article making the case for two-factor theory (Dinsmoor, 2001) 
and to commentaries by other experts. The debate rages on. 

 REVIEW  Avoidance learning has generated its own distinct theories. Two-process theory 
assumes that both Pavlovian and operant procedures are involved. One- 
process theory explains avoidance entirely in terms of operant procedures. 
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REVIEW QUESTIONS

 1. Defi ne the following terms in your own words:
autoshaping contrived reinforcer
backward chaining discrete trial procedure
behavior chain dopamine
chaining drive
conditioned reinforcer drive-reduction theory
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epinephrine positive reinforcer
escape-avoidance learning  Premack principle
extinction primary reinforcer
extinction burst reinforcement
forward chaining relative value theory
free operant procedure response deprivation theory
generalized reinforcer resurgence
instrumental learning reward learning
law of effect reward pathway
motivating operation satiation
natural reinforcer secondary reinforcer
negative reinforcement shaping
negative reinforcer Sidman avoidance procedure
one-process theory task analysis
operant learning three-term contingency
positive reinforcement two-process theory

 2. Apply Thorndike’s reasoning about animal anecdotes to anecdotes about 
other remarkable phenomena such as telepathy, astrology, and dreams 
that “predict” the future.

 3. Thorndike objected to the term “trial-and-error” learning. Why do you 
suppose he did so?

 4. One of Skinner’s chief contributions to psychology is said to be the use of 
behavior rate as a dependent variable. How does this approach differ from 
Thorndike’s studies of chicks running mazes?

 5. How was the “Skinner box” an improvement over Thorndike’s puzzle 
boxes?

 6. In the “experiment” in which Skinner turned on a light when his baby 
daughter moved her arm, did Skinner shape Deborah’s arm movements or 
did Deborah shape Skinner’s light switching?

 7. If a pain stops, this is usually considered a positive thing. So why is it 
called negative reinforcement?

 8. What is the single most important difference between Pavlovian and op-
erant learning?

 9. A worker used to slip away from the plant every afternoon to hunt rabbits. 
When his employer found out, he gave the man a raise “as an incentive to 
work harder.” What do you think of the employer’s action?

 10. Does the children’s game “Hot and Cold” make use of shaping?

 11. How could a Spanish instructor use shaping to teach a student to roll r’s?

 12. Describe the procedure you would use to train a dog to retrieve the morn-
ing newspaper from your front lawn.

 13. How is chaining a form of shaping?

 14. Some teachers object to the use of shaping and chaining in classroom in-
struction because the procedures are also used to train animals. How 
would you defend their use in the classroom?
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 15. A classmate argues that ESB is both a primary and a contrived reinforcer. 
Do you agree? Why or why not?

 16. Some people argue that neuroscience will explain all of behavior, includ-
ing learning. Why is this view mistaken? 

 17. Why is the Premack principle sometimes called Grandmother’s Rule?

 18. What are the problems with the drive-reduction theory of reinforcement?

 19. What is the chief difference between Premack’s relative value theory and 
Timberlake and Allison’s response deprivation theory?

 20. How has your study of operant learning changed your views of human 
nature?

PRACTICE QUIZ

 1. Reinforcement occurs when the consequences of a behavior 
 the behavior.

 2. Thorndike’s early research used a  trial  procedure, 
whereas Skinner used a  operant procedure.

 3. Secondary reinforcers are also called    reinforcers.

 4. Shaping is the reinforcement of  of a desired 
behavior.

 5. The fi rst step in building a behavior chain is to do a  
analysis.

 6. Kennon Lattal found that he could not shape disk pecking in pigeons if 
the reinforcer were   .

 7. The reappearance of previously effective behavior during extinction is 
called   .

 8. According to David Premack, reinforcement involves a relation between 
two   .

 9. According to  theory, an activity becomes reinforc-
ing when an individual is prevented from engaging in it at the baseline 
rate.

 10. The two processes of the two-process theory of avoidance are 
 and   .

QUERY ANSWERS

Query 1. Thorndike studied animal learning as a way of measuring animal 
intelligence. 

Query 2. According to Thorndike’s law of effect, the strength of a behavior 
depends on its consequences.

Query 3. Positive and negative reinforcement have this in common: Both 
strengthen behavior.
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Query 4. In the discrete trial procedure, the behavior ends the trial.

Query 5. The fact that Albert reached for the rat just before the loud noise 
occurred means that operant learning was involved.

Query 6. Shaping is the reinforcement of successive approximations of a de-
sired behavior.

Query 7. Answers will vary. A typical chain might include picking up a 
toothbrush, dampening the brush under the spigot, putting toothpaste on it, 
moving the brush against the teeth, rinsing the mouth, rinsing the brush, 
and returning the brush to its container. Obviously, the chain could be ex-
tended considerably. The Odd Couple’s Felix Ungar would specify the precise 
manner in which each tooth is to be brushed.

Query 8. Put food in the goal box (the end of the maze), put the rat just out-
side the goal box, and release the rat. On the next trial, put the rat farther 
away from the goal box. Keep backing the rat up in this way until it is start-
ing at the beginning.

Query 9. Weil wanted to separate the effects of delay of reinforcement and 
number of reinforcements.

Query 10. In general, the more you increase the amount of a reinforcer, the 
less benefi t you get from the increase.

Query 11. Positive reinforcement is associated with the release of dopamine 
in the brain.

Query 12. According to the Premack principle, high-probability/likely/strong 
behavior reinforces low-probability/unlikely/weak behavior.

Query 13. According to response deprivation theory, schoolchildren are eager 
to go to recess because they have been deprived of the opportunity to move 
about/exercise.

Query 14. The two processes in two-process theory are Pavlovian condition-
ing and operant learning.

Workbook Chapter 3 includes:Active Learning

Workbook Chapter 5 includes:

• Kinds of reinforcement and reinforcers
• Discrete and free operant procedures
• Distinguishing between operant and Pavlovian learning
• Shaping and chaining
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What is a schedule of reinforcement?

What are the four basic kinds of intermittent schedules?

What sort of reinforcement schedule would make behavior most 
persistent?

What is “stretching the ratio,” and how do you do it?

What do you call a schedule in which a behavior is never reinforced?

What is a multiple schedule?

What is the matching law, and what does it have to do with making 
choices?

Why are reinforcement schedules important?

BEFORE YOU BEGIN . . .

IN THIS CHAPTER . . .

Simple Schedules

box: VR Harassment

Intermittent Reinforcement and the PRE

Complex Schedules

Choice and the Matching Law

box: Ghetto Choice

The Importance of Schedules Research

Recommended Reading

Review Questions

Practice Quiz

Query Answers
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The tendencies to respond eventually correspond to the probabilities of 

reinforcement.

B. F. Skinner

Most people use the term learning to refer to the acquisition of new 
behavior: A pigeon that never turned in counterclockwise circles 
now does so reliably and efficiently. A child who could not ride a bi-

cycle at all now rides with skill and ease. A college student for whom the 
equation F = ma previously meant nothing now uses the formula to solve 
physics problems.

But learning also includes changes in which no new behavior appears. 
One such change is an increase in the rate of behavior. A pigeon that turns in 
counterclockwise circles at the rate of three or four a minute may learn to 
make 10 or 15 turns a minute. A child who previously rode a bicycle once a 
week now does so every day. A physics student who used to solve textbook 
problems involving force and mass at the rate of one every ten minutes now 
solves two or three of the same kinds of problems in fi ve minutes.

Learning can also mean a reduction in the rate of a behavior. A bird that 
turns counterclockwise ten times a minute can learn to make one turn a min-
ute. The child who used to ride a bike several times a day may not touch it for 
weeks. The student who whips through physics problems can learn to take 
the time to check her work.

Learning can mean a change in the pattern of performance as well as the 
rate. If a pan of cookies must bake for ten minutes, it is pointless to check the 
cookies during the fi rst fi ve minutes or so, but it is essential to check on them 
after an interval of about eight or nine minutes. The cook learns to avoid 
opening the oven in the fi rst few minutes but to check on the cookies more 
and more often during the last few minutes of baking time.

Or consider a factory worker who is employed at two factories. In one 
plant he is paid an hourly wage for spray-painting lawn chairs; in the other, he 
is paid so much per chair for the same work. Very likely the employee will 
work more steadily and turn out more lawn chairs each day when paid so 
much per chair.

Just as acquisition of new behavior is partly the product of reinforcement 
contingencies, so changes in the rate and pattern of performance are partly 
due to changes in reinforcement contingencies. The changes in the cook’s be-
havior refl ect the fact that reinforcement (seeing cookies that are done or 
nearly done) is available near the end of baking time but not earlier. Similarly, 
the factory worker on piecework paints more chairs because his earnings re-
fl ect the number of chairs painted. For him, each chair painted is a secondary 
reinforcer. This is not the case when he works on an hourly wage.

The rule describing the delivery of reinforcement is called a schedule of 
reinforcement. We shall see that a particular kind of reinforcement schedule 
tends to produce a particular pattern and rate of performance, and these sched-
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ule effects are remarkably reliable. When a given schedule is in force for some 
time, the pattern of behavior is very predictable. Moreover, if different sched-
ules are in force for different kinds of behavior, the rates and patterns of be-
havior will refl ect the different schedules. And if a behavior is occurring at a 
steady rate and the reinforcement schedule changes, usually the behavior will 
change in predictable ways.

 Query 1:  The term schedule  refers to the pattern and rate of per-

formance produced by a particular reinforcement schedule. 

What people call character traits, such as laziness or ambitiousness, are 
often due to schedules of reinforcement. A worker in one factory is not very 
productive and is called lazy. A worker in a different factory is very produc-
tive and is called ambitious. But suppose that the two workers are actually 
the same person. Is it reasonable to say that he is unproductive in one factory 
because he’s a lazy person, but he is productive in another factory because 
he’s an ambitious person? Isn’t it more likely that the differences in behavior 
merely refl ect different conditions at the two factories? Often the most impor-
tant difference affecting behavior is the schedule of reinforcement.1

 REVIEW  Learning is a change in behavior, and that includes changes in the rate and pat-
tern of a behavior over time. Behavior rates and patterns are functions of the 
schedule of reinforcement in effect. There are several kinds of reinforcement 
schedules, each of which has distinctive effects on behavior.

Simple Schedules
Continuous Reinforcement

The simplest of simple schedules is called continuous reinforcement, or CRF. 
In continuous reinforcement, a behavior is reinforced every time it occurs. If, 
for example, a rat receives food every time it presses a lever, then lever pressing 
is on a continuous reinforcement schedule, as is the disk pecking of a pigeon if 
it receives a bit of grain each time it pecks a disk. Likewise, a child’s behavior 
is on CRF if she is praised every time she hangs up her coat, and your behavior 
is on CRF when you operate a vending machine if, each time you insert the 
requisite amount of money, you receive the item selected. The opposite of CRF 
is extinction, which can be thought of as a schedule of nonreinforcement.

Each reinforcement strengthens behavior, so continuous reinforcement 
leads to very rapid increases in the rate of behavior. It is especially useful, 
then, when the task is to shape up some new behavior or behavior chain. 
You can see that it would be much easier to teach a pigeon to make counter-
clockwise turns by reinforcing each successive approximation of the desired 

1There are schedules of punishment as well as reinforcement, and behavior can be followed by 
both reinforcing and punishing events simultaneously. However, in this chapter we will con-
centrate on reinforcement schedules and their effects on operant behavior.
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behavior than it would be if you were to reinforce successive approximations 
only occasionally. 

Although continuous reinforcement typically leads to the most rapid 
learning of new behavior, it is probably rare in the natural environment. Most 
behavior is reinforced on some occasions but not others. A parent is not able 
to praise a child every time she hangs up her coat, and vending machines 
sometimes take our money and give us nothing in return. When reinforce-
ment occurs on some occasions but not others, the behavior is said to be on an 
intermittent schedule. There are many kinds of intermittent schedules (see 
Ferster & Skinner, 1957), but the most important ones fall into four groups 
(see Figure 6-1). We begin with those called fi xed ratio schedules.

Fixed Ratio Schedules

In a fi xed ratio, or FR, schedule, a behavior is reinforced when it has occurred 
a fi xed number of times. For instance, a rat may be trained to press a lever for 
food. After shaping the behavior, the experimenter may switch to a schedule 
in which every third lever press is reinforced. In other words, there is a ratio 
of three lever presses to each reinforcement. The schedule is usually indicated 
by the letters FR, followed by the number of times the behavior must occur 
for each reinforcement. The lever pressing of our hypothetical rat, for exam-
ple, is on an FR 3 schedule. (Continuous reinforcement is actually a kind of 
fi xed ratio schedule, then, and may be designated FR 1.)

Animals on fi xed ratio schedules perform at a high rate, often punctuated 
by short pauses after reinforcement. A rat that lever presses on an FR schedule 
for food will press the lever quickly and steadily until food drops into the tray. 
It will then eat the food, pause for a short time, and then return to work at the 
lever. The pauses that follow reinforcement have traditionally been called 
postreinforcement pauses, and they have generated considerable interest 
among researchers (see Figure 6-1a).

It is tempting to dismiss postreinforcement pauses as the result of fatigue. 
The animal performs a behavior a number of times and then pauses to “catch 
its breath” before returning to work. But animals on other types of schedules 
often work even harder without pauses, so fatigue does not seem to be the 
whole answer. 

One variable that seems to be important is the ratio of responses to rein-
forcement. The more work required for each reinforcement, the longer the 
postreinforcement pause (Baron & Derenne, 2000; Ferster & Skinner, 1957). 
Thus, pauses are longer in an FR 100 schedule than in an FR 20 schedule. Be-
cause of this, postreinforcement pauses are now sometimes called preratio 
pauses. 

Michael Perone (2003) suggests that pauses are a way of escaping, momen-
tarily at least, the “aversive aspects of the schedule” (p. 10). In other words, 
working for long periods “without pay” is aversive, and we escape by not 
working for a while. Henry Schlinger (personal communication) has suggested 
that procrastination, which is basically a pause before working, may be a pre-
ratio pause: When we procrastinate, we take a “break” before setting to work. 
The length of postreinforcement pauses also varies with the size of the rein-
forcer (Perone & Courtney, 1992) and with other variables. 
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Variables that affect postreinforcement pauses do not ordinarily affect run 
rate—the rate at which behavior occurs once it has resumed following rein-
forcement. Thus, increasing the ratio of lever presses to reinforcers from, say, 
5:1 to 10:1 (i.e., from FR 5 to FR 10) does not change how rapidly a rat presses 
once it has begun lever pressing. What it does is increase the length of the 
breaks the rat takes after each reinforcement. However, anything that increases 
the length of postreinforcement pauses will necessarily reduce the overall rate 
of performance—i.e., the total number of lever presses per minute or hour.

Fixed ratio schedules are fairly common outside the laboratory. Some games 
make use of fi xed ratio schedules. Each time you get a Ping-Pong ball past your 
opponent, for example, you win a point. Perhaps the best examples of FR sched-
ules involve work. Some employees are paid on a fi xed ratio schedule, though it 
is usually called piecework. The garment worker, for instance, is paid so much 
for each shirt sewn; the fi eld hand is paid so much per basket of apples picked. 

 Query 2:  The rate at which a behavior occurs once it has begun is called the 

 rate.

Variable Ratio Schedules

Instead of providing a reinforcer when a behavior has occurred a fi xed number 
of times, it is possible to vary the requirement around some average. For ex-
ample, instead of reinforcing every fi fth lever press, we might reinforce after 
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Figure 6-1 Intermittent schedules of reinforcement. In an FR 50 schedule (a), every 50th 
response is reinforced; in a VR 50 schedule (b), an average of 50 responses is required for 
each reinforcement; in an FI 50" schedule (c), a response is reinforced when it occurs after 
a 50-second interval; in a VI 50" schedule (d), a response is reinforced after an average 
interval of 50 seconds. Short diagonal lines indicate delivery of a reinforcer. (Hypotheti-
cal data.)
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the second, then after the eighth, then the sixth, the fourth, and so on. On 
such variable ratio or VR schedules, the number of lever presses required for 
reinforcement varies around an average. In a VR 5 schedule, reinforcement 
might occur after one to ten lever presses, but the overall average will be one 
reinforcement for every fi ve presses.

Variable ratio schedules typically produce steady performance at run rates 
similar to comparable FR schedules (see Figure 6-1b). If post reinforcement 
pauses occur, they usually appear less often and are shorter than in a compa-
rable FR schedule. In VR schedules, postreinforcement pauses are strongly in-
fl uenced by the size of the average ratio and by the lowest ratio (Blakely & 
Schlinger, 1988; Schlinger, Blakely, & Kaczor, 1990). In a VR 50 schedule, for 
example, the number of lever presses required for reinforcement averages 50, 
but the number required on any one run might vary from 10 to 100, or it 
might vary from 40 to 60. A VR 50 schedule that requires a minimum of 40 
lever presses per reinforcement will produce longer pauses than a VR 50 
schedule that requires a minimum of 10. A VR 50 schedule that sometimes 
reinforces after a single response (FR 1) may produce no pauses at all. Thus, a 
VR schedule can be thought of as a series of different FR schedules, and the 
length of the pauses after reinforcement tends to refl ect the lowest ratio (e.g., 
FR 1) more than the average for the overall schedule (e.g., VR 50).

Because VR schedules typically produce fewer and shorter postreinforce-
ment pauses than FR schedules, a VR schedule usually produces more behav-
ior in an hour than a comparable FR schedule. This is so even though the ac-
tual payoff is the same. That is, the animal on an FR 50 schedule earns as 
much food for its 50 lever presses as the animal on a VR 50 schedule does (on 
average) for its 50.

Variable ratio schedules are common in natural environments. As fast as 
the cheetah is, it does not bring down a victim every time it gives chase, nor 
can it depend on being successful on the second, third, or fourth try. There is 
no predicting which particular effort will be successful. It may be successful 
on two succeeding attempts, and then it may fail on the next ten tries. All 
that can be said is that, on average, one in every so many attempts will be 
reinforced.

Probably most predatory behavior is reinforced on VR schedules, although 
the exact schedule varies depending on many factors. For instance, if the elk 
in a particular area are heavily infested by parasites, they will be easier for 
wolves to bring down. The average ratio of attacks to reinforcement will be 
low. As the wolves remove the sicker animals from the herd, however, the re-
maining elk will be harder to catch and kill, and the ratio of attempts to rein-
forcement will be higher.

Variable ratio schedules are important in human society as well. The clas-
sic human example of a VR schedule is the salesperson working on commis-
sion: He or she is paid for each sale, but not every effort to sell something is 
successful. One reinforcer for attempting to sell a product is the pay the sales-
person receives if successful. But because the salesperson is probably not paid 
at the moment of the sale, the immediate reinforcer may be the sale receipt 
because this signals that a commission will be forthcoming. Another exam-
ple of the VR schedule among humans is gambling, particularly casino gam-
bling (see Chapter 8).
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Fixed Interval Schedules

Reinforcement need not be based on the number of times a behavior occurs. 
In interval schedules, reinforcement is dispensed following a behavior but 
only when the behavior occurs after a given period of time. In fi xed interval, 
or FI, schedules, the behavior under study is reinforced the fi rst time it occurs 
after a constant interval. For example, a pigeon that has learned to peck a disk 
may be put on an FI 5" (read, FI 5-second) schedule. The fi rst time the bird 
pecks the disk, food is delivered into its food tray, but for the next fi ve sec-
onds, disk pecking produces no reinforcement. Then, at the end of the fi ve-
second interval, the very next disk peck is reinforced. Note that the reinforcer 
is not delivered merely because a given period of time has elapsed; a disk peck 
is still required.

Like fi xed ratio schedules, fi xed interval schedules produce post-
reinforcement pauses. Typically, the bird on an FI schedule seldom pecks im-
mediately after reinforcement, and then steadily increases the rate of pecking. 
By the time the interval has elapsed, the pecking rate is quite high. Thus, FI 
schedules produce a scallop-shaped cumulative record (see Figure 6-1c).

Why should FI schedules produce a scallop-shaped curve while FR sched-
ules produce a steady run rate between pauses? Possibly it is because the FR 
schedule reinforces steady performance whereas the FI schedule does not. 
Consider fi rst the case of a rat pressing a lever on an FR 50 schedule. The ani-
mal has a lot of work to do before it receives its next reinforcement, and any 
pause delays the reinforcer’s arrival. Now consider the rat on an FI 50" sched-
ule. No lever presses will produce reinforcement until 50 seconds have passed, 
so pressing during this period is pointless. Gradually the rat increases its rate 
of lever pressing until, near the end of the interval, it is pressing rapidly and 
steadily.

An example of the power of VR schedules to maintain behavior at a high rate may be 
seen in the case of a man accused of making harassing phone calls (“30,000 Obscene 
Calls Traced,” 1991). Apparently the man would call a woman and tell her he was 
holding members of her family hostage and would kill them if she did not stand naked 
outside her home. The ruse worked an average of about once in every 100 attempts, a 
VR 100 schedule. Such a schedule could be expected to produce a high rate of behav-
ior. Apparently it did: The man made some 30,000 calls. On one day alone he called 
130 women.

Not to be outdone, a woman spurned by her former lover called him more than 
1,000 times a day for three years (“Woman Pesters Ex-Lover with 1,000 Calls a Day,” 
2000). To escape the harassment, the man changed jobs and his phone and pager 
numbers, but the woman discovered the new numbers and resumed the calls—and 
added 500 faxes a day.

We cannot conclude, of course, that these episodes are due to reinforcement 
schedules. However, animal studies suggest that people can become very persistent if 
reinforced intermittently.

VR Harassment 
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We might expect that after some experience with this schedule, the rat 
would become more efficient, delaying until, say, 40 seconds had elapsed. Sur-
prisingly, this does not happen. No matter how long an animal is on an FI 
schedule, it begins pressing the lever long before doing so pays off, producing 
the familiar scallop-shaped curve.

Good examples of FI schedules in the natural environment are hard to 
come by. In many animal species, the females become sexually receptive at 
fairly regular intervals, and attempts by males to mate with them at other 
times are seldom reinforced. This therefore looks like an FI schedule. But es-
trus (sexual receptivity) is indicated by specifi c odors and other stimuli, and 
male sexual behavior is more likely to be under the influence of these stimuli 
than under the influence of the schedule.

Examples of FI schedules in humans are easier to think of, perhaps because 
we more often live by the clock. Your behavior is on an FI schedule when you 
bake bread in an oven because checking the bread will be reinforced only when 
it occurs after a specifi ed period. The fi rst time you bake bread, you may open 
the oven door repeatedly to see how it’s doing. But with experience you learn to 
wait until the required baking time has nearly elapsed before peeking inside 
the oven. The closer you get to the end of the required cooking time, the more 
often you open the oven door. Stephen Ceci and Uri Bronfenbrenner (1985) per-
formed an experiment much like this example and got a scalloped curve ex-
cept that there was more checking at the beginning of the baking process than 
expected. 

Edward Crossman (1991) suggests that waiting for a bus meets the crite-
rion for an FI schedule. Suppose you approach a bus stop just as the bus leaves. 
The buses on this route are normally 15 minutes apart, so you have about 
15 minutes to wait. Seeing your bus approach is likely to be reinforcing, but 
looking in the direction from which the bus will come is unlikely to be rein-
forced for several minutes. Thus, the behavior of looking for a bus is likely to 
occur infrequently in the early part of the 15-minute interval and much more 
frequently as the interval nears its end. When 15 minutes have elapsed, you 
are likely to be staring fairly steadily in the direction of the bus. Plot this be-
havior on a cumulative record, and the result will be a scalloped curve.

Studying may provide another example. Many students show little incli-
nation to study during the early days of the semester but spend increasing 
amounts of time studying as midterm exams approach. After midterms, their 
study time falls off sharply until shortly before fi nals. Plotted on a curve, 
studying would then show the familiar scalloped curve of FI schedules (but 
see Michael, 1991).

Variable Interval Schedules

Instead of reinforcing a behavior after a fi xed interval, it is possible to vary the 
interval around some average. For example, instead of always reinforcing disk 
pecking after an interval of 5 seconds, we might reinforce a peck after 2 sec-
onds, then after 8 seconds, 6 seconds, 4 seconds, and so forth. On such vari-
able interval, or VI, schedules, the length of the interval during which per-
forming is not reinforced varies around some average. In a VI 5" schedule, the 
average interval between reinforced pecks is 5 seconds. Variable interval 
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schedules produce high, steady run rates, higher than FI schedules but usu-
ally not so high as comparable FR and VR schedules.

We can fi nd VI schedules in natural environments as well as in the lab. 
Leopards often lie in wait for their prey rather than stalk it. Sometimes the 
wait may be short, sometimes long, but remaining alert and waiting quietly 
are eventually reinforced by the appearance of prey. The same sort of thing 
may be seen in spiders and snakes and in many other species.

Human hunters also lie in wait for game. Deer hunters typically take a 
position in a tree or other high point and wait for a deer to appear within 
range. Sometimes they wait for hours; sometimes a deer appears almost im-
mediately. Similarly, the nature photographer is on a VI schedule because he 
or she must wait varying lengths of time before having the opportunity to get 
a good picture. Air traffic controllers who watch a radar screen are also on a 
VI schedule because the signals for which they watch occur at irregular inter-
vals. We also fi nd ourselves on VI schedules when we must wait in line at the 
bank or the theater.

 Query 3:  In ratio schedules, reinforcement is contingent on  ; in 

interval schedules, reinforcement is contingent on   . 

Interestingly, animals have preferences among the four basic schedules. It 
is not surprising that a pigeon or a person will prefer a VR 10 schedule over an 
FR 100 schedule, because the latter requires 10 times as much work for a given 
amount of reinforcement. But certain types of schedules are preferred over 
others even when, in the long run, the rate of reinforcement is the same. For 
example, pigeons sometimes prefer to work on a VR schedule rather than an 
FR schedule that pays off just as well. One variable is the length of the inter-
val between reinforcements. If the interval is very short, the birds prefer a VR 
schedule; if it is long, they prefer FR (Field et al., 1996).2

Other Simple Schedules

The reinforcement schedules just described are the bedrock of schedules re-
search: Quite possibly more research has been done involving these schedules 
than with all other schedules combined. Yet there are other simple schedules 
that have received considerable attention.

In a fi xed duration, or FD, schedule, reinforcement is contingent on the 
continuous performance of a behavior for some period of time. A typical ex-
ample of an FD schedule is the child who is required to practice playing a pi-
ano for half an hour. At the end of the practice period, and provided the child 
has practiced the entire time, he receives a reinforcer. For example, a parent 
may provide milk and cookies or some other treat after a piano practice.

In a variable duration, or VD, schedule, the required period of perfor-
mance varies around some average. In the case of a child practicing the piano, 
any given session might end after 30 minutes, 55 minutes, 20 minutes, or 

2The efforts to explain these preferences are interesting but beyond the scope of this text. See 
Field et al. (1996), Hall-Johnson and Poling (1984), and King, Schaeffer, & Pierson (1974). 
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10 minutes. On average, the student will practice for half an hour before re-
ceiving the milk and cookies, but there is no telling when the reinforcers will 
appear.

Unfortunately, parents using duration schedules often provide no rein-
forcer. The assumption is that the improvement that comes with practice will 
reinforce the student’s work, but often this “intrinsic” reinforcer is too weak 
to be effective. Providing some treat at the end of the session should help. The 
Premack principle (see Chapter 5) suggests that if eating cookies and drinking 
milk are normally reinforcing, and if this behavior is contingent on practicing 
the piano continuously for some period, then playing the piano should be-
come more reinforcing itself. And indeed, this does seem to be the case.

In some schedules, reinforcement is contingent on the rate at which a be-
havior occurs. In one of these, a behavior is reinforced only if a specifi ed period 
of time has elapsed since the last performance of that behavior. For instance, a 
rat might receive food for pressing a lever but only if 5 seconds have elapsed 
since the last lever press. This schedule is called differential reinforcement of 
low rate, or DRL.

In a DRL schedule, the interval begins each time the behavior is per-
formed. In a DRL 5" schedule, for example, a pigeon that pecks a disk receives 
reinforcement only if fi ve seconds have elapsed since the last disk peck. Each 
disk peck in essence resets the clock, so that pecking before the interval has 
elapsed delays reinforcement. The longer the interval required between disk 
pecks, the lower will be the rate of pecking. A DRL 5" schedule would rein-
force a maximum of 12 pecks per minute. Pecking before the prescribed inter-
val ends further reduces the number of reinforcements received per minute, 
as does pecking after a longer interval than is required. You can see that DRL 
schedules can produce extremely low rates of behavior.

One peculiarity of DRL schedules is that they sometimes result in the 
performance of a series of behaviors that are quite irrelevant to reinforcement. 
For example, consider a rat that receives food for pressing a lever on a DRL 10" 
schedule. It receives food for pressing the lever but only if at least 10 seconds 
have elapsed since the last lever press. Every time the rat presses the lever, it 
must then wait ten seconds before pressing it again. Nothing it does during 
this period produces reinforcement, yet sometimes it engages in a series of 
acts. It may visit a particular part of the chamber or sniff at the food dish. 
This behavior may be superstitious (Skinner, 1948; see Chapter 8). The rat has 
to do something during the 10-second interval, and whatever it does may be 
coincidentally reinforced by the delivery of food after the lever press. In other 
words, the reinforced behavior may not be lever pressing but sniffing a partic-
ular corner, then walking to the lever and pressing it.

 Query 4:  In a DRL 10" schedule, the effect of pressing a lever after eight seconds is to 

  .

The logical opposite of the DRL schedule is the DRH schedule, short for 
differential reinforcement of high rate. DRH schedules require that a behav-
ior be performed a minimum number of times in a given period. A pigeon 
might be required, for example, to peck a disk fi ve times in a ten-second pe-
riod. If it pecks fewer than fi ve times during that period, it receives nothing. 
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DRH schedules can produce extremely high rates of behavior, higher than any 
other schedule.

DRL and DRH schedules have been put to good use in dealing with be-
havior problems. DRL schedules have been used to help people reduce the rate 
of a particular behavior, such as nail biting. Similarly, DRH schedules fi nd 
use when the goal is to increase the rate of a behavior, as in the case of the 
student who seldom participates in class discussions.

In all of the schedules discussed thus far, a reinforcer is contingent on be-
havior. (Or, one might say, contingent on some aspect of behavior—its fre-
quency, duration, intensity, etc.) It is possible, however, to create a schedule in 
which reinforcers are delivered independently of behavior. Such schedules are 
said to provide noncontingent reinforcement (NCR). The two main kinds of 
noncontingent reinforcement schedules are fi xed time and variable time.3 

In a fi xed time, or FT, schedule, a reinforcer is delivered after a given pe-
riod of time without regard to behavior. Fixed time schedules resemble fi xed 
interval schedules except that in an FT schedule no behavior is  required for 
reinforcement. In an FI 10" schedule, a pigeon may receive food after a ten-
second interval but only if it pecks a disk. In an FT 10" schedule, the pigeon 
receives food every ten seconds whether it pecks the disk or not. 

Fixed time schedules are not common outside the laboratory. Unemploy-
ment compensation and welfare payments do not precisely meet the defi ni-
tion of fi xed time schedules, but they come close. Although certain behaviors 
are nominally required (e.g., people receiving unemployment compensation 
are supposed to look for work), in fact money is provided after a fi xed period of 
time more or less independently of what the person does. The only true per-
formance requirements are standing in line for the check and saying that one 
has tried to fi nd work. Social critics who would replace welfare with “work-
fare” are suggesting that money should be contingent on behavior rather than 
time. 

In variable time, or VT, schedules, reinforcement is delivered periodically 
at irregular intervals regardless of what behavior occurs. The only difference 
between VT schedules and FT schedules is that in VT schedules the rein-
forcer is delivered at intervals that vary about some average. 

Variable time schedules are even harder to identify outside the lab than 
are FT schedules. If you have a lot of aunts and uncles and periodically one of 
them dies and leaves you some money, that could be considered a VT sched-
ule. This assumes, however, that you weren’t required to be nice to them 
when they were alive. 

The Puritans of Colonial New England seemed to believe that they were 
on a VT schedule. They thought that some people (all of them Puritans, of 
course) were blessed by God and would, sooner or later, die and go to Heaven. 
This reward was not, however, dependent on the performance of “good works.” 
A dedicated sinner who was chosen by God was destined to enter the Pearly 
Gates; a dedicated humanitarian who never hurt a fl y, but whom God did not 
favor, would be locked out. The timing of the reward was variable and was not 
contingent on behavior, so this would seem to be a VT schedule. However, to 

3Strictly speaking these schedules are not noncontingent. They are contingent on the passage of 
time, rather than on behavior. Perhaps a random time schedule, in which reinforcers would be 
delivered at random intervals, could be said to be truly noncontingent.
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be certain we have to know if the chosen ones actually got into Heaven, and 
those data are not currently available. 

 Query 5:  In FT and VT schedules, reinforcement is contingent on 

 rather than   .

Stretching the Ratio

Rats will press levers and pigeons will peck disks hundreds of times for a sin-
gle reinforcer, even if that reinforcer is a small amount of food. People have 
also been known to work steadily on very “thin” schedules—schedules that 
require many responses for each reinforcement. How is this possible? Why 
should a rat, much less a person, press a lever hundreds of times for some triv-
ial amount of reinforcement?

The answer is shaping. An experimenter does not train a rat to press a le-
ver and then put the animal on, say, an FR 100 schedule. The experimenter 
gradually shapes persistence. The experimenter might start with a CRF sched-
ule and, when the animal is working at a steady rate, increase the ratio to FR 3; 
when this schedule has been in force a while, the experimenter may go to FR 5, 
then FR 8, FR 12, FR 20, FR 30, and so on. This procedure is known as stretch-
ing the ratio (Skinner, 1968). It is essentially the same shaping process used to 
shape any new behavior: Successive approximations of the desired behavior (in 
this case, performing in the absence of reinforcement) are reinforced.

 Query 6:  The thinner of two schedules, FR 3 and VR 4, is   .

Stretching the ratio almost certainly occurs in nature. Earlier we consid-
ered the wolves that prey on elk. When parasitic infection weakens the elk 
herd, hunting is relatively easy; as the wolves remove the sicker animals, 
hunting requires more effort. The shift from a low ratio schedule to a high ra-
tio schedule (one in which most efforts are not reinforced) is probably a grad-
ual one.

We may see stretching of the ratio among human predators and prey by 
visiting a gambling establishment. Card sharks and pool hustlers sometimes 
let their competitors win frequently during the early stages of play and then 
gradually win more and more of the games. They stretch the ratio gradually 
because they do not want to “lose their pigeon.” Stretching the ratio can be 
put to more benevolent purposes. Parents, for example, may praise their chil-
dren each time they see them studying; gradually, however, they may rein-
force the behavior less often.

 Query 7:  Could you stretch the ratio when a behavior is on an interval schedule?

Stretching the ratio is an important feature of training programs in ap-
plied settings. In treating a psychiatric patient who talks very little in groups, 
for example, the therapist might use DRH to increase the amount of talking. 
However, if the initial requirement for reinforcement were talking as much as 
others in the group, the patient might never obtain reinforcement. The thera-
pist may require talking at a slightly higher rate than is usual. When this rate 
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has been reinforced a number of times, the therapist may increase the require-
ment for reinforcement slightly. When this rate has been reinforced several 
times, the therapist may increase the requirement slightly again, and so on, 
until the patient is speaking about as much as other group members. 

Stretching the ratio must be done with some care; stretch too rapidly or 
too far and the tendency to perform will break down, a phenomenon called ra-
tio strain. Workers who grumble about being “overworked and underpaid” 
and who shirk their responsibilities may be suffering from ratio strain. How-
ever, Skinner (1953) noted that it is possible to stretch the ratio to the point at 
which an animal expends more energy than it receives. Alan Christopher 
(1988) demonstrated this in a study of gambling pigeons (see Chapter 8).

Extinction

One way in which reinforcement schedules differ is in the density of rein-
forcement. At one extreme we fi nd continuous reinforcement, an FR schedule 
in which every single occurrence of a behavior is reinforced. At the other ex-
treme we fi nd extinction, a schedule in which a behavior is never reinforced. 

We discussed the effects of operant extinction in Chapter 5. They include 
the extinction burst; the appearance of emotional behavior, especially aggres-
sion; an increase in the variability of behavior; the fairly steady decline in the 
strength of the behavior; spontaneous recovery of the behavior when the ex-
tinction procedure is interrupted; and resurgence, the reappearance of previ-
ously reinforced behaviors. 

It was also pointed out in Chapter 5 that the rate at which extinction pro-
ceeds is affected by a number of variables, including the number of times the 
behavior was reinforced prior to extinction, the effort the behavior requires, 
and the schedule of reinforcement prior to extinction. Research on this last 
variable revealed a fascinating problem, to which we now turn.

 REVIEW  Simple schedules include continuous reinforcement, in which a behavior is rein-
forced each time it occurs; extinction, in which a behavior is never reinforced; 
and various kinds of intermittent schedules, in which the behavior is rein-
forced on some occasions and not on others. Intermittent schedules include 
FR, VR, FI, VI, FT, VT, FD, VD, DRL, and DRH. A rich schedule can be 
“thinned” by stretching the ratio. 

Intermittent Reinforcement and the PRE
One peculiar schedule effect is the tendency of behavior that has been main-
tained on an intermittent schedule to be more resistant to extinction than be-
havior that has been on continuous reinforcement. This phenomenon is 
known as the partial reinforcement effect, or PRE.4

The PRE was clearly demonstrated in a classic experiment by O. Hobart 
Mowrer and Helen Jones (1945). These researchers fi rst trained rats to press a 
lever for food. After this preliminary training, Mowrer and Jones randomly 

4The PRE is also called the partial reinforcement extinction effect, or PREE. 
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assigned the rats to one of fi ve groups, four of which are of interest to us. In 
each group, lever pressing was on a different reinforcement schedule: CRF, FR 
2, FR 3, and FR 4. After this the rats had a training session each day that 
lasted until lever pressing had been reinforced 20 times. After seven days and 
a total of 140 reinforcements, the researchers put lever pressing on extinction. 
The total number of presses during extinction showed a clear, counterintui-
tive pattern: The thinner the reinforcement schedule, the greater the number 
of lever presses during extinction (see Figure 6-2).

Human beings also sometimes show remarkable resistance to extinction 
following intermittent reinforcement. In one study, Harlan Lane and Paul 
Shinkman (1963) put a college student’s behavior on extinction after reinforc-
ing it on a VI 100" schedule. Although other variables besides the reinforce-
ment schedule may have affected the student’s behavior, it is interesting that 
the student worked for 11 hours and performed the behavior over 8,000 times 
without reinforcement! 

PRE has been put to practical use in applied settings (e.g., Hanley, Iwata, & 
Thompson, 2001). Once a behavior is well established, the therapist may begin 
thinning the reinforcement schedule (stretching the ratio). This makes the be-
havior more resistant to extinction and therefore more likely to persist outside 
the therapeutic setting. Teachers can also make good use of the PRE by fi rst 
establishing a behavior and then stretching the ratio of reinforcement. 

 The PRE, which has been demonstrated many times, is paradoxical be-
cause the law of effect implies that the unreinforced lever presses that occur 
during an intermittent schedule should weaken the tendency to press, not 
make it stronger. Because of this paradox, researchers have devoted consider-
able time and effort to accounting for the effect. We will consider four hy-
potheses for explaining the phenomenon.

Discrimination Hypothesis

The discrimination hypothesis says that extinction takes longer after inter-
mittent reinforcement because it is harder to distinguish (or discriminate) be-
tween extinction and an intermittent schedule than between extinction and 
continuous reinforcement (Mowrer & Jones, 1945).

Imagine that you are vacationing in Las Vegas, and you decide to try your 
luck at the slot machines. As it happens, the machine you approach is defec-
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Figure 6-2 Partial reinforcement effect. Average number of lever presses by rats during 
extinction following four fi xed ratio schedules of reinforcement. The thinner the sched-
ule, the greater the number of responses during nonreinforcement. (Compiled from data 
in Mowrer and Jones, 1945.)
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tive. Some gizmo in its works has gone temporarily awry so that it always 
pays off. You approach the machine, put in a quarter, and push the button. (It’s 
one of the newer machines that uses buttons rather than handles.) You win a 
dollar. You put in another quarter and win a few more dollars. Each time you 
put in a quarter and push the button, you win. After you deposit perhaps 100 
quarters, and win 200 dollars, the machine suffers another breakdown, and 
now the machine never pays off. (Of course, you have no way of knowing this.) 
You put in a quarter, press the button, and much to your surprise, you win 
nothing. You put in another quarter, then another, and another, and so on, but 
you never receive anything. You can see that if you were in this situation, it 
would probably not be long before you would stop gambling at that machine.

You move on to try another machine. As in the fi rst example, the slot ma-
chine you try is defective, but this time it does not pay off every time. Instead, 
it pays off on every 30th attempt. When you have inserted 100 coins—and won 
200 dollars—the machine suffers another breakdown that prevents it from 
ever paying off. You are unaware of the defect and continue inserting coins. 
Now, how many coins must you insert before you have any clue that the rein-
forcement schedule has changed? The answer is 30 coins. In other words, there 
is nothing amiss about putting in 29 quarters without winning. You will even-
tually stop throwing quarters away, but you will probably persist longer than 
you did at the machine that switched from continuous reinforcement to ex-
tinction. The reason, according to the discrimination hypothesis, is that it 
takes longer to distinguish (or discriminate) between extinction and an FR 30 
schedule than it does to distinguish between extinction and an FR 1 schedule.

You can probably see that it would take even longer to distinguish be-
tween extinction and an FR 100 schedule. Discriminating between extinction 
and a VR 100 schedule would take still longer because in that schedule a be-
havior may occur 150 or more times before producing reinforcement.

Thus, the discrimination explanation of the PRE proposes that behavior 
extinguishes more slowly after intermittent reinforcement than after contin-
uous reinforcement because the difference between CRF and extinction is 
greater than the difference between an intermittent schedule and extinction.

As appealing as the discrimination hypothesis is, it has not proved en-
tirely satisfactory at predicting behavior (Jenkins, 1962). Other explanations 
have attempted to build on the discrimination hypothesis in one way or an-
other. One of these theories is the frustration hypothesis.

Frustration Hypothesis

Abram Amsel (1958, 1962) has proposed the frustration hypothesis to explain 
the PRE. Amsel argues that nonreinforcement of previously reinforced behav-
ior is frustrating. Frustration is an aversive emotional state, Amsel says, so 
anything that reduces frustration will be reinforcing. In continuous reinforce-
ment, there is no frustration because there is no nonreinforcement. But when 
the behavior is placed on extinction, there is plenty of frustration. With each 
nonreinforced act, frustration builds. (Anyone who has repeatedly lost coins 
in a pay phone or a vending machine is familiar with the aversive state cre-
ated by nonreinforcement of a behavior that is normally reinforced.) Any 
 behavior that reduces an aversive state is likely to be negatively reinforced, so 
during extinction,  frustration may be reduced by not performing the behavior 
on extinction. (In the same way, you will quickly abandon a pay phone that 
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cheats you, thereby reducing your annoyance.) Two behaviors then compete 
with one another during extinction: lever pressing (previously reinforced by 
food) and lever avoiding (currently reinforced by the reduction of frustration).

But when behavior is reinforced intermittently, there are periods of nonre-
inforcement—and frustration. The individual continues to perform during 
these periods of frustration and eventually receives reinforcement. Thus, le-
ver pressing while frustrated is reinforced. Put another way, the emotional 
state called frustration becomes a cue or signal for pressing the lever.5 Now 
when the behavior is placed on extinction, the animal becomes frustrated, 
but the frustration is a signal for lever pressing, so responding continues. This 
increases the frustration, increased frustration is a signal for responding, so 
the behavior continues, which causes even more frustration, which is a signal 
for lever pressing, and so on.

The thinner the reinforcement schedule during training, the higher is the 
level of frustration when the rat fi nally receives food. For the rat on a thin 
schedule, then, high-level frustration becomes a cue for lever pressing. With 
continued responding during extinction, the individual becomes increasingly 
frustrated, but because high-level frustration is a signal for lever pressing (the 
more frustrated the rat gets, the closer it gets to food), extinction proceeds 
slowly.

Frustration is one way of accounting for the PRE; E. J. Capaldi offers 
another.

Sequential Hypothesis

Capaldi’s (1966, 1967) sequential hypothesis attributes the PRE to differences 
in the sequence of cues during training. He notes that during training, each 
performance of a behavior is followed by one of two events, reinforcement or 
nonreinforcement. In continuous reinforcement, all lever presses are rein-
forced, which means that reinforcement is a signal for lever pressing. During 
extinction, no lever presses are reinforced, so an important cue for lever press-
ing (the presence of reinforcement) is absent. Therefore, extinction proceeds 
rapidly after continuous reinforcement because an important cue for perform-
ing is missing.

During intermittent reinforcement, some lever presses are followed by re-
inforcement, some by nonreinforcement. The sequence of reinforcement and 
nonreinforcement therefore becomes a signal for pressing the lever. A rat on 
an FR 10 schedule, for example, must press nine times without reinforcement 
before it presses the tenth time and receives reinforcement. The nine nonrein-
forced lever presses are a signal for lever pressing. The thinner the reinforce-
ment schedule, the more resistant the rat will be to extinction because a long 
stretch of nonrein forced lever pressing has become the cue for continued 
pressing. In other words, the rat performs in the absence of reinforcement be-
cause, in the past, long strings of nonreinforced presses have reliably preceded 
reinforcement.

The frustration and sequential hypotheses have much in common. For in-
stance, both assume that extinction is an active learning process, and both 

5In Chapter 10, you will learn that such cues or signals are called discriminative stimuli.
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Amsel and Capaldi also assume that stimuli present during training become 
cues for behavior. The chief difference seems to be that Amsel fi nds the cues 
inside the organism (the physiological reaction called frustration) whereas Ca-
paldi fi nds the cues in the environment (the sequence of reinforcement and 
nonreinforcement). We now consider a very different approach to the PRE.

 Query 8:  The frustration and sequential hypotheses are both variations of the 

 hypothesis.

Response Unit Hypothesis

Mowrer and Jones (1945) offer another explanation for the PRE called the re-
sponse unit hypothesis. This approach says that to understand the PRE we 
must think differently about the behavior on intermittent reinforcement.

In lever pressing studies, for example, lever pressing is usually thought 
of as one depression of the lever sufficient to produce some measurable effect 
on the environment, such as activating a recording device. But, say Mowrer 
and Jones, lever pressing can also be defi ned in terms of what produces 
reinforcement.

In the case of a CRF schedule, the two defi nitions coincide exactly: Each 
time the rat presses the lever far enough to activate the recorder, it receives a 
bit of food. But consider what happens if we switch to an FR 2 schedule: One 
lever press produces nothing, but two presses produce food. If an animal re-
ceives food only after pressing the lever two times, “we should not think of 
this as press-failure, press-reward,” write Mowrer and Jones (1945), “but rather 
as press-press-reward” (p. 301). In other words, if lever pressing is on an FR 2 
schedule, then the unit of behavior being reinforced is two lever presses; if the 
schedule is FR 3, then the unit of behavior being reinforced is three lever 
presses; and so on. VR schedules are more complicated because the response 
unit is defi ned not only by the average number of acts required for reinforce-
ment but also by the range of units. In a VR 4 schedule, for instance, produc-
ing reinforcement may sometimes require only one lever press and sometimes 
eight lever presses. Nevertheless, the idea that the behavior is defi ned by the 
number of times it must occur to produce reinforcement still applies.

Now consider again the Mowrer and Jones experiment described earlier. 
In the CRF group, the response unit was one lever press; rats in this group pro-
duced an average of 128 response units (lever presses) during extinction. In 
the FR 2 group, the response unit was two lever presses; rats in this group pro-
duced an average of 94 responses (188 lever presses divided by 2). In the FR 3 
group, the response unit was three lever presses and the rats produced 71.8 re-
sponses (215.5 ÷ 3). In the FR 4 group, the response unit was four presses, and 
the rats produced 68.1 responses (272.3 ÷ 4). Notice that when responses are 
defi ned in terms of the units required for reinforcement, the total number of 
responses during extinction declines as the reinforcement schedule gets thin-
ner (see Figure 6-3).

Mowrer and Jones note that when we defi ne responses in terms of the 
units required for reinforcement, we fi nd that “the apparent advantage of so-
called intermittent reinforcement disappears” (p. 301). In other words, the 
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PRE is an illusion. Behavior on intermittent reinforcement only seems to be 
more resistant to extinction because we have failed to take into account the 
response units required for reinforcement. 

Of the four main explanations of the PRE, the response unit hypothesis is 
easily the most elegant, but the PRE is a very complex problem, and no theory 
about it can yet claim to have won the day. 

We have considered the most common simple schedules. It is now time to 
turn to the most common complex schedules.

 REVIEW The number of times a behavior occurs during extinction varies with the sched-
ule in effect prior to extinction. A behavior typically occurs many more times 
following intermittent reinforcement than following continuous reinforce-
ment. This is known as the partial reinforcement effect. Attempts to explain 
the PRE include the discrimination, frustration, sequential, and response unit 
hypotheses. 

Complex Schedules
Complex schedules consist of various combinations of simple schedules. We 
will consider only a few of the more important complex schedules. 

In a multiple schedule, a behavior is under the infl uence of two or more 
simple schedules, each associated with a particular stimulus. A  pigeon that 
has learned to peck a disk for grain may be put on a multiple schedule in 
which pecking is reinforced on an FI 10" schedule when a red light is on but 
on a VR 10 schedule when a yellow light is on. The two reinforcement sched-
ules alternate, with the changes indicated by changes in the color of the light. 
The experimenter refers to this as a MULT FI 10" VR 10 schedule. The bird’s 
cumulative record shows the familiar scalloped curve of FI schedules when 
the red light is on, followed by the rapid, steady behavior associated with VR 
schedules when the yellow light is on (see Figure 6-4).
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Figure 6-3 Partial reinforcement effect? Average number of responses by rats during 
extinction following four fi xed ratio schedules of reinforcement. In this case, a response 
is defi ned as the number of lever presses required for reinforcement. The thinner the 
reinforcement schedule, the fewer responses during extinction. (Cf. Figure 6-2.) (Com-
piled from data in Mowrer and Jones, 1945.)
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A mixed schedule is the same as a multiple schedule except that there are 
no stimuli (such as red and yellow lights) associated with the change in rein-
forcement contingencies. In a MIX FI 10" VR 10 schedule, disk pecking might 
be reinforced on an FI 10" schedule for, say, 30 seconds and then on a VR 10 
schedule for 60 seconds, but there is no clear indication that the schedule has 
changed.

 Query 9:  The difference between multiple and mixed schedules is that in 

 schedules there is a signal that the schedule has changed.

 In a chain schedule, reinforcement is delivered only on completion of the 
last in a series of schedules. Consider a pigeon on a CHAIN FR 10 FI 15" VR 
20 schedule: The bird pecks a red disk; after the tenth peck the disk changes 
from red to yellow. The yellow disk signals that an FI 15" schedule is in effect; 
after 15 seconds, pecking the disk changes it from yellow to green. Working at 
the green disk results, after an average of 20 pecks, in food. The disk also be-
comes red again, indicating that the FR 10 schedule is once again in force. 
Note that the bird receives food only after completing the requirement of the 
last schedule. Despite this, the bird typically behaves as though food were 
provided on each of the separate schedules. When it is on the FI 15" schedule, 
for example, the cumulative record shows the typical scalloped curve associ-
ated with FI schedules.

A tandem schedule is identical to a chain schedule except that there is no 
distinctive event (e.g., a light or buzzer) that signals the end of one schedule 
and the beginning of the next.

Chain and tandem schedules give rise to an interesting question: What re-
inforces the behavior during the schedules that don’t produce food? In the 
case of chain schedules, distinctive stimuli, such as the disk colors, indicate 
not only that a new schedule is in force but that reinforcement is nearer. 
These stimuli may therefore act as secondary reinforcers. But what is the re-
inforcer in the case of the tandem schedule, where such stimuli are not 
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Figure 6-4 Multiple schedule. A pigeon’s rate and pattern of responding change when a 
stimulus indicates a change in the reinforcement schedule in force. (Hypothetical data.)
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 provided? In this case, it may be that the changes in schedules themselves 
serve as cues because they do in fact signal that reinforcement is closer.

The schedules described thus far, both simple and complex, involve an in-
dividual. It is possible, however, to arrange schedules that make  reinforcement 
dependent on the behavior of two or more individuals. Such arrangements are 
called cooperative schedules. For instance, we might arrange for two pigeons 
to receive food by pecking a disk when the two of them have pecked a total of 
20 times. One might peck the disk at the rate of 10 times a minute while the 
other pecks at 40 times a minute. As soon as the total number of pecks reaches 
20, they each receive a few pieces of grain. Or we might arrange the schedule 
so that both birds receive food following a total of 20 pecks, but only if each of 
them has pecked 10 times. In a cooperative schedule, the reinforcement that 
one subject gets is partly dependent on the behavior of the other subject.

Cooperative schedules involving two individuals are the easiest to man-
age, but it is possible to arrange cooperative schedules with larger groups. For 
instance, a group of fi ve birds might receive food when the group as a whole 
produces 100 disk pecks, provided that each bird pecks the disk at least 10 
times.

Cooperative schedules are often used with people, though typically in an 
inefficient manner. For example, a group of students may be required to work 
together on a project. Each student in the group receives the same grade for 
the project, regardless of what each contributes. The students are supposed to 
share the work equally. However, reinforcement is not contingent on how the 
work is shared but on what the group as a whole produces. A common result 
is that some members of the group do more than their fair share while others 
do less. We can often see the same phenomenon in the workplace when em-
ployees are asked to work as a group on some project. This inequality of labor 
might be avoided or reduced by altering the cooperative schedule so that indi-
vidual contributions are reinforced as well as the group effort.

In the schedules discussed thus far, only one schedule is available at any 
given moment. In concurrent schedules, two or more schedules are available 
at once. A pigeon may have the option of pecking a red disk on a VR 50 sched-
ule or pecking a yellow disk on a VR 20 schedule. In other words, the concur-
rent schedule involves a choice. In the example just given, the animal would 
soon choose the yellow disk and the VR 20 schedule. Because a great deal of 
behavior can be thought to involve choices, we will consider this problem in 
greater detail.

 REVIEW  Two or more simple schedules can be combined to form various kinds of 
complex schedules. When the schedules alternate and each is identifi ed by a 
particular stimulus, a multiple schedule is said to be in force. When the sched-
ules alternate but there is no signal, a mixed schedule is in force. In a chain 
schedule, reinforcement occurs only on completion of the last in a series of re-
inforcement schedules, with each schedule change signaled by a change in 
stimulus. Tandem schedules resemble chain schedules except that there is no 
signal. A cooperative schedule makes reinforcement contingent on the behav-
ior of two or more individuals. In concurrent schedules, two or more sched-
ules are available simultaneously, so that the individual must choose among 
them.
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Choice and the Matching Law
As just noted, a concurrent schedule represents a kind of choice. The pigeon 
on such a schedule may, for example, peck a red disk or a yellow disk, but it 
cannot do both simultaneously. In recent years, researchers have become in-
creasingly interested in the study of behavior in such situations.

Making a choice may involve a great deal of thought. Human beings faced 
with a choice often verbalize silently, and sometimes aloud, about the relative 
merits of the various options. (We say that we are “weighing the alternatives.”) 
It is possible that some other animals engage in analogous behavior when 
faced with a choice. However, our interest is not in these cogitations but in 
the effect that the reinforcement schedules have on the choices made.6 The 
task is to be able to predict, from the reinforcement schedules in force, how 
the person or animal will behave when faced with a given choice.

Sometimes this is easily done. Imagine a rat in a T-maze arranged so that 
if the rat enters the arm on the right, it will receive food, but if it enters the 
arm on the left, it will receive nothing. We have no difficulty in predicting 
that after a few trials, the rat will most often turn right rather than left. A 
choice situation in which behavior A is always reinforced and behav-
ior B is never reinforced quickly results in the reliable performance of behav-
ior A.

Prediction becomes more difficult, however, when both alternatives are 
reinforced, and the only difference is in the relative frequency of reinforce-
ment. Consider the case of a pigeon given a choice between pecking either of 
two disks, one red, the other yellow. Pecking the red disk is reinforced on an 
FR 50 schedule, and pecking the yellow disk is reinforced on an FR 75 sched-
ule. What will the pigeon do? Perhaps it will go back and forth repeatedly 
between the two disks. Or perhaps it will work steadily at one disk, but the 
disk will be selected at random, so that one pigeon will peck at yellow, an-
other at red.

In fact, what happens is that the pigeon initially spends some time at each 
disk, moving back and forth between them, but eventually settles on the disk 
associated with the richer reinforcement schedule. In fact, some animals have 
an uncanny knack for selecting the “better-paying” work. Humans have the 
same ability to discriminate between reinforcement schedules (Pierce & 
Epling, 1983).

Richard Herrnstein (1961, 1970; Herrnstein & Mazur, 1987) led the way in 
the study of choice. He showed that the effort devoted to each of two rein-
forcement schedules can be expressed by the formula

 

B
B
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r
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2  
This formula means that given two behaviors, B1 and B2, each on its own 

reinforcement schedule, r1 and r2, respectively, the relative frequency of each 

6To say that an animal or person chooses means that it does one thing rather than another. It 
may, prior to this behavior, engage in various kinds of covert behavior. People sometimes ago-
nize over choices, but the agonizing doesn’t explain the choice made. The cogitating is part of 
the behavior of choosing, and behavior cannot explain itself.
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behavior equals the relative frequency of reinforcement available.7 This state-
ment is called the matching law because the distribution of behaviors matches 
the availability of reinforcement (Herrnstein, 1961, 1970; see Davison & 
 McCarthy, 1988; Pierce & Epling, 1983, for reviews).

In the case of two ratio schedules, such as FR 30 and FR 40, the subject 
samples each and then settles on the denser schedule. In concurrent ratio 
schedules, it makes sense to identify the more reinforcing schedule as quickly 
as possible and remain loyal to it. Switching back and forth between two ratio 
schedules is pointless. In the same way, if you can pick beans for Farmer Able 
for $5 a bushel, or for Farmer Baker for $4 a bushel, it makes little sense to 
switch back and forth. Other things being equal, your behavior will follow 
the matching law: You will pick steadily for Farmer Able.

 Query 10:  State the matching law in your own words.

Switching makes more sense when concurrent interval schedules are in-
volved. Consider the case of a rat lever pressing on a concurrent FI 10" FI 30" 
schedule. Clearly, the payoff is better on the FI 10" schedule, so it makes sense 
for the animal to spend most of its time working on that lever. But even on 
that schedule, there are periods during which lever pressing is useless. Some 
of this time could be spent pressing the lever on the FI 30" schedule. And the 
longer the animal works on the FI 10" schedule, the more likely it is that a be-
havior on the FI 30" schedule will be reinforced. It therefore pays for the ani-
mal to devote most of its effort to the FI 10" schedule but occasionally press 
the lever on the FI 30" schedule. In fact, this is exactly what it does.

What about concurrent VI schedules? Suppose a rat has a choice between 
VI 10" and VI 30" schedules. Once again it makes sense for the animal to de-
vote most of its time to the VI 10" schedule, but occasional lever presses on 
the VI 30" schedule are also likely to be reinforced. This is so even though de-
livery of reinforcement is variable and therefore unpredictable. Once again, 
animals behave in the most sensible manner: They focus on the VI 10" sched-
ule but periodically abandon this schedule to work on the VI 30" schedule. In 
this way, they receive more reinforcement than they would if they worked 
solely on the better-paying VI 10" schedule. Even when the differences in 
schedules are fairly subtle, animals usually behave in a manner that is in 
their best interests.

We have seen that, given a choice between two interval schedules, an ani-
mal will alternate between them. Is it possible to predict, on the basis of the 
schedules in force, how much an animal will work on each schedule? Herrn-
stein (1961, 1970) has found that it is indeed possible. He reports that in a two-
choice situation, the choice may be predicted according to the mathematical 
expression

 

B
B +B

=
r

r + r
A
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A

A B  

7I have changed Herrnstein’s notation slightly in hopes of making the formula less confusing.
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where BA and BB represent two behaviors, behavior A and behavior B, and rA 
and rB represent the reinforcement rates for behaviors A and B, respectively. 
This equation is merely a reformulation of the matching law. 

Take the case of a rat trained to press a lever for food. Presses on lever A 
are reinforced on a VI 10" schedule; presses on lever B are reinforced on a VI 
30" schedule. If the rat were to work solely on the VI 10" schedule, it would re-
ceive a maximum of six reinforcers per minute. If it occasionally works on 
the VI 30" schedule, it could obtain a maximum of two more reinforcers. 
Thus, of the total reinforcers obtainable, 75% (six out of eight) are available on 
the VI 10" schedule, and 25% are available on the VI 30" schedule. The value 
of rA is therefore about 0.75; that of rB is about 0.25. The formula predicts that 
the rat will devote approximately three-fourths of its effort to schedule A (the 
VI 10" schedule) and one-fourth to schedule B (VI 30"). Experimental tests 
show that such predictions are surprisingly accurate.

Herrnstein has extended the matching law beyond the two-choice situa-
tion, suggesting that every situation represents a kind of choice. Consider the 
pigeon that receives food when it pecks a disk. There are many things the pi-
geon can do besides peck the disk. The bird may, for instance, groom itself, 
wander around the cage, peck at objects on the fl oor or on the walls, or sleep. 
In pecking the disk, it is therefore choosing to engage in that behavior rather 
than various others. Indeed, even when the pigeon pecks the disk at a high 
rate, it continues to engage in other kinds of behavior, such as bobbing its 
head and turning to the left and right. Theoretically, it is possible to identify 
all of these actions and the reinforcers that maintain them and to predict the 
relative frequency of any one of them. This idea can be expressed by the 
formula

B
B +B

=
r

r + r
A

A o

A

A o

where BA represents the particular behavior we are studying, Bo represents all 
other behaviors, rA represents the reinforcers available for BA, and ro repre-
sents the reinforcers available for all other behaviors (Herrnstein, 1970). This 
formula has less predictive value than the formula for the two-choice situa-
tion because it is not possible to specify all the behaviors that may occur nor 
all the reinforcers those acts may produce. Some behaviors may, for example, 
be reinforced by events not readily subject to observation, as in the case of the 
reinforcement a rat receives when it scratches an itch. Still, the formula re-
minds us that behavior is a function of the re inforcers available for any behav-
ior that might occur, not merely the reinforcers available for the behavior that 
interests us at the moment.

William Baum (1974) provides evidence that the matching law describes 
the foraging of free-ranging pigeons. He set up an apparatus for studying disk 
pecking in an attic space accessible to wild pigeons. Baum had no control over 
which birds pecked at a disk, but the apparatus was arranged so that only one 
bird could work at a time. After the birds had learned to receive food by peck-
ing a disk, Baum gave them a choice  between two disks. Pecking now paid off 
on VI schedules, with the disk on the right always providing food more fre-
quently than the one on the left. Because the birds were wild and could come 
and go as they pleased, it is impossible to say just how many birds “partici-
pated” in the experiment, but Baum estimates the number at between 10 and 
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A police offi cer in a small town arrested a suspected drug dealer. In the ten-minute 
ride to the police station, the suspect’s beeper went off at least seven times, each time 
displaying only codes. In a single night’s work, a dealer that busy probably makes 
$5,000 in drug sales. What are the dealer’s alternatives? What other levers can he 
press? Typically, the only legal alternative available to the drug dealer is some sort of 
unskilled work paying something near minimum wage. If you were poor, with no real-
istic hope of getting the training that would lead to a well-paid job, and you had a 
choice between selling drugs for $5,000 a night or fl ipping burgers for $300 a week, 
which lever would you press?

Ghetto Choice 

20 birds. The result for the group as a whole was an almost perfect correspon-
dence with the matching law, with pecks distributed between the disks in pro-
portion to the reinforcement available from each (but see Baum & Kraft, 1998).

Humans likewise benefi t from the ability to match behaviors to reinforce-
ment (Kraft & Baum, 2001). No doubt, for most of human existence, people 
have made good use of the ability to apportion behaviors appropriately among 
the hunting and foraging areas available (but see the accompanying box, 
“Ghetto Choice”). Today, a farmer may do this by devoting most available 
farmland to a crop that produces a nice profi t under typical weather conditions 
and planting a smaller area in a less profi table crop that does well under adverse 
weather conditions. (This is known as hedging one’s bet.) The rest of us do the 
same thing when we spend more time at a high- paying job than at a low-paying 
one. College students obey the matching law when they devote more time to a 
fi ve-credit course than to a one-credit course because a high grade in the for-
mer pays better (contributes more to grade point average) than a high grade in 
the latter. We follow the same principle when we spend more time with some-
one whose company we enjoy than with someone we fi nd somewhat tiresome.

The matching law has been found to be a robust phenomenon. It holds for 
a wide variety of species, behaviors, reinforcers, and reinforcement schedules 
(see deVilliers, 1977, for a review). It holds, for example, whether we are con-
sidering different rates of reinforcement (Herrnstein, 1970), different amounts 
of reinforcement (Todorov et al., 1984), or different reinforcement delays 
 (Catania, 1966). And it holds for punishment schedules as well as reinforce-
ment schedules (Baum, 1975). It has been applied to human behavior in natu-
ral settings, including professional football (Reed, Critchfi eld, & Martens, 
2006). The matching law is the subject of considerable debate, some of it quite 
rancorous (Binmore, 1991; Herrnstein, 1990, 1991; Staddon, 1991). It has, how-
ever, proved its worth as a stimulus to research.

 REVIEW  People and animals have a remarkable ability to distinguish between more and 
less reinforcing schedules. The tendency to work in proportion to the rein-
forcement available is so reliable that it is called the matching law. In the case 
of a choice among ratio schedules, the matching law correctly predicts choos-
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ing the schedule with the highest reinforcement frequency. In the case of a 
choice among interval schedules, the matching law predicts working on each 
schedule in proportion to the amount of reinforcers available on each. 

Many students (and more than a few psychologists) think research on 
schedules of reinforcement is trivial, if not a total waste of time. I will there-
fore try to make the case for the importance of schedules research.

The Importance of Schedules Research
A great deal of research has been done on schedules of reinforcement and their 
differential effects, but some psychologists have raised doubts about the sig-
nifi cance of this research (see, for example, Schwartz, Schuldenfrei, & Lacey, 
1978). 

Some critics argue that the schedules of reinforcement studied in the lab-
oratory are artifi cial constructions not found in the real world. It is true that 
schedules found outside the laboratory are seldom as simple as those created 
by researchers. But this is true of all laboratory science: Researchers take a 
problem into the lab precisely because the lab allows them to simplify it. 
Thus, a psychologist studies a rat’s behavior on a concurrent VR 10 VR 15 
schedule not because this schedule is particularly representative of the rat’s 
natural environment, but because it is a convenient way of determining the 
animal’s ability to distinguish between similar schedules. The goal is to dis-
cover rules that describe the way the environment affects behavior. It is 
difficult if not impossible to discover such rules unless the experimenter sim-
plifi es the environment.

Others complain that schedules research generally produces trivial fi nd-
ings. But it is not trivial to note that personality (i.e., the characteristic behav-
ior of a given individual) is a function of the individual’s history of reinforce-
ment. Traditional explanations attribute differences in behavior to qualities 
of mind: John is said to smoke because he “lacks willpower”; Mary is a com-
pulsive gambler because of “masochistic urges”; Bill is persistent in his efforts 
to break the school track record because he “has stick-to-itiveness”; Harry 
gives up easily because he “lacks stick-to-itiveness”; Phyllis comes up with 
novel ideas because she “has a lot of imagination.” The trouble with all such 
“explanations” is that they merely name the behavior to be explained. Har-
ry’s tendency to give up is called a lack of stick-to-itiveness; Phyllis’s high rate 
of original ideas is called imagination. Identifying the kinds of reinforcement 
schedules that produce these behaviors is a considerable advance.

Schedules research also allows us to answer questions about behavior that 
might be difficult to answer otherwise. For example, which is more impor-
tant in affecting behavior—the frequency of reinforcement or the amount of 
reinforcement? Is it more effective to deliver large amounts of a reinforcer on 
a few occasions or small amounts on many occasions? One way to answer 
such questions is to compare the performance of rats on concurrent sched-
ules, with one schedule providing frequent, small reinforcers and the other 
providing infrequent, large reinforcers. Research of this sort has supported 
the conclusion that frequency of reinforcement is more important than quan-
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tity of reinforcement  (Schneider, 1973; Todorov et al., 1984). The use of con-
current schedules has  allowed other researchers to test the popular (but essen-
tially inaccurate) notion that contrived reinforcers undermine motivation 
(Skaggs, Dickinson, & O’Connor, 1992).

The study of reinforcement schedules gives us a more scientifi c way of ac-
counting for differences in behavior. If Harry gives up at the fi rst sign of fail-
ure, perhaps it is because his reinforcement history has not included rein-
forcement for persisting in the face of failure. Harry need not have had 
considerable failure: A steady diet of easy success (otherwise known as con-
tinuous reinforcement) makes one especially likely to quit trying when suc-
cess is not forthcoming (otherwise known as extinction) (Nation, Cooney, & 
Gartrell, 1979). 

It seems likely that schedules have a great deal to do with everyday be-
havior. Frank Amonte Sr. is a 71-year-old jockey. As of May 22, 2007, he had 
competed in 60 consecutive races without a win. His most recent win was in 
2005. He has never ridden in the Kentucky Derby or any other major race. Yet, 
despite his lack of success and the dangers of horse racing, he keeps trying. 
Why? Part of the answer undoubtedly has to do with the natural reinforcers of 
riding and of competing. But another factor may be the schedule of wins and 
losses. It is likely that in the early days of his career, he had a number of suc-
cesses but that as he aged the schedule got gradually thinner. There was a nat-
ural, unplanned stretching of the ratio, the kind of stretching that produces 
very persistent behavior in laboratories. Reinforcement would also have been 
variable, and VR schedules produce high rates. This is all speculation, of 
course, because we don’t have Mr. Amonte’s record of wins and losses. But 
you can see how you could produce the kind of enthusiasm and persistence 
Mr. Amonte displays if you could control a rider’s success rate.

Some critics charge that reinforcement schedules reveal considerably 
more about rats and pigeons than they do about people. Studies with humans 
do sometimes reveal patterns of behavior that differ from those obtained with 
animals on the same schedules. A rat placed on an FI 15" schedule soon pro-
duces the familiar scallop-shaped cumulative curve; a person on the same 
schedule may perform at a steady rate. Typically, such differences result be-
cause human subjects often receive instructions about what they are to do. 
Instead of shaping the behavior through continuous reinforcement and then 
switching to an FI schedule (the usual procedure with animal subjects), re-
searchers often give human participants instructions. “Just press this bar like 
so,” they may be told, “and every once in a while a coin (candy, toy) will drop 
into this tray.” Such instructions often have a more powerful effect on human 
behavior than the reinforcement contingencies. People who have been in-
structed to press a bar or push a button will often do so at a steady rate, even 
though the reinforcement schedule does not support this behavior. (People, 
unlike other creatures, usually have long histories of reinforcement for doing 
as they are told, even when doing so seems pointless.) However, human sched-
ule behavior shows remarkable similarity to animal behavior when both are 
shaped by reinforcement contingencies rather than instructions (Lowe, Beasty, 
& Bentall, 1983; Matthews et al., 1977; Weiner, 1983). Indeed, as psychologist 
John Malone (1990) puts it, “Those who feel that an unfathomable gulf exists 
between human and beast are well advised to watch a pigeon pecking for food 
delivered according to a VR schedule and then go to a video arcade” (p. 245).



Schedules of Reinforcement  201  

Schedule performance also provides a very good way of testing the effects 
of drugs. For instance, Terry Belke and M. J. Dunbar (2001) trained rats to 
press a lever to get access to an exercise wheel. The reinforcement schedule 
was FI 60", and the reinforcer was 60 seconds in the exercise wheel. This 
schedule produced a low rate of behavior, usually fewer than six lever presses 
a minute. Nevertheless, the familiar FI scallop pattern appeared (see Figure 
6-5a). At this point the researchers administered cocaine in varying amounts 
ten minutes prior to running the rats. The cocaine had no detectable infl u-
ence on the pattern of behavior until the researchers reached a dosage of 16 
milligrams per kilogram of body weight. At this level, the scalloped pattern 
began to deteriorate (see Figure 6-5b). In much the same way, researchers used 
schedules as a basis for comparing the effects of alcohol and cocaine on hu-
man performance (Higgins et al., 1992). Schedule performance can provide a 
baseline for evaluating the effects of toxins, diet, sleep deprivation, exercise, 
brain stimulation, and many other variables. 

Reinforcement schedules have been called the “sleeping giant” of behav-
ioral research (Zeiler, 1984). Whether important new insights and useful tech-
niques remain to be discovered from schedules research is unclear, but there 
can be no doubt that past research in this area has been of great value.

 REVIEW  Not everyone believes that schedules research is worthwhile. Critics claim that 
the work is artifi cial and that the fi ndings are trivial and don’t apply to peo-
ple. Defenders of schedules research reply that the artifi ciality is part and par-
cel of scientifi c rigor, that the fi ndings have provided new insights into com-
plex behavior, that the fi ndings with humans often parallel those with rats 
and pigeons when similar procedures are followed, and that schedules provide 
an extremely useful way of studying a wide variety of problems, such as the 
effects of drugs on  behavior. 
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Figure 6-5 Cocaine effects revealed in schedule performance. Lever pressing reinforced 
on an FI schedule showed the familiar scallop pattern (a). Cocaine administration had a 
pronounced effect on performance (b). (Adapted from an unpublished fi gure provided by 
T. Belke, based on data from Belke and Dunbar, 2001.)
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RECOMMENDED READING

 1. Ferster, C. B., & Skinner, B. F. (1957). Schedules of reinforcement. New 
York: Appleton-Century-Crofts.

  This classic work describes the basic kinds of reinforcement schedules 
and provides many graphs illustrating the rates and patterns of behavior 
associated with each.

 2. Hursh, S. R. (1984). Behavioral economics. Journal of the Experimental 
Analysis of Behavior, 42, 435–452.

  A discussion of economics is framed in terms of reinforcement schedules.

 3. Lattal, K. A. (1991). Scheduling positive reinforcers. In I. H. Iversen & 
K. A. Lattal (Eds.), Experimental analysis of behavior (pp. 87–134). Am-
sterdam: Elsevier.

  This is a review of schedules and their distinctive effects.

 4. Nevin, J. & Grace, R. C. (2000). Behavioral momentum and the law of ef-
fect. Behavioral and Brain Sciences, 23, 73–130.

  Nevin argues that reinforcement gives behavior a kind of momentum, 
analogous to the momentum a ball has as it rolls down a hill. 

 5. Rachlin, H. (1989). Judgment, decision and choice: A cognitive/behavioral 
synthesis. New York: W. H. Freeman.

  In this short book, Rachlin attempts to show that choice and schedules 
can account for both overt behavior and rational thought. This one is for 
advanced students only.

REVIEW QUESTIONS

 1. Defi ne the following terms:
chain schedule multiple schedule
concurrent schedule noncontingent reinforcement (NCR)
continuous reinforcement  partial reinforcement effect (PRE)
 (CRF) postreinforcement pause
cooperative schedule preratio pause
differential reinforcement of  ratio strain
 high rate (DRH) response unit hypothesis
differential reinforcement of run rate
 low rate (DRL) schedule effects
discrimination hypothesis schedule of reinforcement
fi xed duration (FD) schedule sequential hypothesis
fi xed interval (FI) schedule stretching the ratio
fi xed ratio (FR) schedule tandem schedule
fi xed time (FT) schedule variable duration (VD) schedule
frustration hypothesis variable interval (VI) schedule
intermittent schedule variable ratio (VR) schedule
matching law variable time (VT) schedule
mixed schedule 
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 2. Give an example (not provided by the text) of a decrease in behavior that 
indicates learning has occurred.

 3. John wants to teach Cindy, age 5, the alphabet. He plans to reinforce cor-
rect performances with praise and small pieces of candy. What sort of 
schedule should he use?

 4. Mary complains that her dog jumps up on her when she gets home from 
school. You explain that she reinforces this behavior by petting and talk-
ing to the dog when it jumps up, but Mary replies that you must be wrong 
because she “hardly ever” does this. How would you respond to Mary’s 
comment?

 5. Five-year-old David gives up easily in the face of frustration. How could 
you develop his persistence?

 6. Joyce is annoyed because some of her employees fail to take the periodic 
rest breaks required by the union and the state’s safety regulations. Why do 
you suppose this happens, and what can Joyce do to correct the problem?

 7. Every Saturday at noon, the local fi re department tests the fi re signal. Is 
this a reinforcement schedule and, if so, what sort of schedule is it?

 8. Many people regularly check the coin return after using a public tele-
phone even though their call went through. Explain this behavior.

 9. Mr. Smith and Ms. Jones both give their students new spelling words on 
Friday. Mr. Smith always tests his students on the following Friday. Ms. 
Jones also tests her students once a week, but the day varies, and she does 
not announce the test day in advance. Whose students are more likely to 
study on Tuesday nights?

 10. How might casino operators increase their income by “stretching the 
ratio”?

 11. Concurrent schedules are said to represent a choice situation. Why is a 
multiple schedule not said to represent a choice?

 12. Describe the similarities and differences between multiple and chain 
schedules.

 13. Rat X’s lever pressing is put on a concurrent FR 10 FR 20 schedule. Rat Y’s 
behavior is put on a concurrent VR 10 VR 20 schedule. Which rat will se-
lect the more reinforcing schedule fi rst?

 14. How might you use what you know about reinforcement schedules to 
study the effects of the presence of observers on human performance?

 15. Someone says to you, “George is a nasty fellow. It’s just his nature.” How 
could you account for George’s personality in a more scientifi c way?

 16. A student tells you that studying reinforcement schedules is a waste of 
time. Give arguments for the opposing view.

 17. A teacher reinforces longer and longer periods of quiet behavior in her stu-
dents. How can she avoid creating ratio strain?

 18. This chapter describes schedules of reinforcement. How would schedules 
of punishment work? Use, as an example, a VR 10 punishment schedule.
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 19. Pretend you are a behavioral economist who wishes to know the effect of 
infl ation on purchasing. Describe an experiment that will shed light on 
the problem.

 20. How might an understanding of schedules of reinforcement help account 
for the poor economic performance of communist countries?

PRACTICE QUIZ

 1. In CRF, the ratio of responses to reinforcement is  to  
  . 

 2. After a reinforcement, the rate of the reinforced behavior may fall to or 
near zero before increasing again. The period during which the behavior 
occurs infrequently is called a    pause.

 3. One difference between FT and FI schedules is that in the  
 schedule, reinforcement is not contingent on a 

behavior.

 4. An excellent schedule for increasing the rate of a behavior is called differ-
ential reinforcement of   .

 5. Stretching the ratio too rapidly or too far can produce   .

 6. Of the four explanations of the PRE, the one that essentially says there is 
no such thing is the  hypothesis.

 7. If reinforcement is contingent on the behavior of more than one individ-
ual, a  schedule is in effect.

 8. Choice involves  schedules.

 9. Compulsive gambling may be the product of a  schedule 
of reinforcement.

 10. Schedule effects are sometimes very different in people than in rats and 
pigeons. The difference is often due to the infl uence of   .

QUERY ANSWERS

Query 1. The term schedule effects refers to the pattern and rate of perfor-
mance produced by a particular reinforcement schedule.

Query 2. The rate at which a behavior occurs once it has begun is called the 
run rate.

Query 3. In ratio schedules, reinforcement is contingent on the number of 
times the behavior occurs; in interval schedules, reinforcement is contingent 
on the behavior occurring after a given interval. 

Query 4. In a DRL 10" schedule, the effect of pressing a lever after eight sec-
onds is to “reset the clock”/delay reinforcement.

Query 5. In FT and VT schedules, reinforcement is contingent on time rather 
than behavior.

Query 6. The thinner of two schedules, FR 3 and VR 4, is VR 4.
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Query 7. You could do something analogous to stretching the ratio by 
“stretching the interval.” 

Query 8. The frustration and sequential hypotheses are both variations of the 
discrimination hypothesis.

Query 9. The difference between multiple and mixed schedules is 
that in multiple schedules there is a signal that the schedule has changed.

Query 10. Your answer should be something like this: The rate of behavior 
matches (or is proportional to) the rate of reinforcement. The Kassinove and 
Schare study suggests that near misses can serve as reinforcers. 

Workbook Chapter 3 includes:Active Learning

Workbook Chapter 6 includes exercises on:

• Intermittent schedules
• The PRE
• Complex schedules
• Choice
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C H A P T E R

7
Punishment 

IN THIS CHAPTER . . .

Types of Punishment

box: Aversive Confusion: Positive Punishment and Negative 
Reinforcement Compared

Variables Affecting Punishment

Theories of Punishment

Problems with Punishment

Alternatives to Punishment

Recommended Reading

Review Questions

Practice Quiz

Query Answers

BEFORE YOU BEGIN . . .

Punishment is used a lot in our society. Why?

What are the defi ning characteristics of punishment?

How is negative punishment different from negative reinforcement?

What role does reinforcement play in punishment?

What are some of the problems with punishment?

What are some alternatives to punishment?
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Fear preserves you by a dread of punishment that never fails. 

Machiavelli

Those who are feared, are hated.

Benjamin Franklin

Reinforcement is essential to our survival: We learn to do those things 
that have, in the past, led to food, water, shelter, reproduction, approval, 
and safety. Reinforcement is also essential to a good quality of life: We 

learn to do those things that provide companionship, relief from stress, and 
entertainment. But not all behavior has reinforcing consequences. Our sur-
vival and happiness also depend on our learning not to do things that have, in 
the past, threatened our well-being.

Most of the injurious events we experience are, to some extent at least, 
products of our behavior. We get an electric shock from a faulty toaster, but 
only if we touch the toaster. We hit our thumb with a hammer, but only if we 
swing the hammer incorrectly. We catch cold, but only if we consort with 
those who are sick. 

Many of the slings and arrows that outrageous fortune throws our way 
come at the hands of other people. Even small children are sometimes shouted 
at, insulted, slapped—and much, much worse. Teachers reach out to touch 
children, and some of them duck and raise an arm in front of their faces as if 
to fend off a blow. Apparently, the only time anyone at home ever reached to-
ward these children was to hit them.

Some of those children will fare only slightly better in school than in 
their homes. The United States Education Department reports that children 
in American schools were paddled nearly 500,000 times in school year 1993–
1994 (reported in Wilgoren, 2001). Teachers or school staff paddled over a quar-
ter of a million public school students in the 2004–2005 school year, the lat-
est for which statistics are available. In addition, some teachers use other 
forms of physical punishment, such as pinching or shaking, on their own ini-
tiative. Because these instances are not routinely recorded, there is no way to 
know how much pain is infl icted on school children in the name of discipline 
(www.stophitting.com/disatschool/statesBanning.php; see also Lyman, 2006).1 

Of course, not all human interactions involve one person hurting another. 
Many parents would not dream of beating a child and rear their children suc-
cessfully by relying largely on smiles, praise, and other forms of positive rein-
forcement. Many teachers totally reject both sarcasm and the paddle and in-
stead praise good efforts and arrange their lessons so that all students can have 
some measure of success. Many employers provide recognition, awards, bo-
nuses, raises, and promotions for a job well done. And most of us do not make 
a habit of beating up people when we disapprove of their behavior. But the use 

1For more on corporal punishment in schools, go to the National Center for the Study of Corpo-
ral Punishment and Alternatives at www.temple.edu/education/pse/NCSCPA.html.

www.stophitting.com/disatschool/statesBanning.php
www.temple.edu/education/pse/NCSCPA.html
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of aversive consequences to suppress unwanted behavior is a very common 
procedure, and we must come to terms with it. So common is it that Jack Mi-
chael (1991) concludes, pessimistically, “The world runs on fear” (p. 329).

Types of Punishment
You will recall that the law of effect says behavior is a function of its conse-
quences. The previous chapters focused on reinforcement, an increase in the 
strength of behavior due to its consequences. The present chapter will focus on 
punishment, a decrease in the strength of behavior due to its consequences. 

Following Charles Catania’s (1998; see Chapter 5) observations on rein-
forcement, we can say that an experience must have three characteristics to 
qualify as punishment: First, a behavior must have a consequence. Second, 
the behavior must decrease in strength (e.g., occur less often). Third, the re-
duction in strength must be the result of the consequence. 

In reading about punishment, keep in mind that to the behavior scientist, 
punishment has nothing to do with retribution or justice; it has to do only 
with reducing the strength of a behavior.

The consequences involved in punishment are often referred to as punish-
ers. Typical punishers include reprimands, fi nes, and physical blows, such as 
those delivered in a spanking. Punishers are aversives—things we will escape 
or avoid, given the chance. However, sometimes events that most people 
would consider aversive prove not to be punishers, while other things that 
most people would consider rewards are punishers. It is important to remem-
ber that, like reinforcers, punishers are defi ned by their effects on behavior. If 
an event does not reduce the strength of the behavior it follows, that event is 
not a punisher. 

There are two types of punishment (see Figure 7-1). In one, something is 
added to the situation. If you go for a walk in the park and are mugged, you 
may be less likely to walk in that park in the future. If so, walking in that 
park has been punished. This type of punishment is sometimes called posi-
tive punishment because something (an aversive event) is added to the 
situation.2 

In the second type of punishment, something is subtracted from the situ-
ation. If you have had to pay a fi ne for speeding, you may have driven more 
slowly after that. If so, speeding has been punished. Parents and teachers try 
to use this sort of punishment when they take away privileges, such as eating 
dessert, watching television, playing a game, or using a computer. This kind 
of punishment is sometimes called negative punishment or penalty training 
(Woods, 1974).

 Query 1:  Positive and negative punishment are similar in that both  

  a behavior.

The terms positive and negative punishment are at least as troublesome 
to students as the terms positive and negative reinforcement. How can pun-

2Positive punishment necessarily involves aversives.
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Figure 7-1 Contingency square. In operant procedures, the strength of a behavior in-
creases or decreases depending on its consequences.

Positive punishment and negative reinforcement are often confused. This is partly be-
cause both procedures involve aversive events such as shocks, spankings, pinches, and 
criticism. 

Punishment reduces the strength of a behavior. In positive punishment, an aver-
sive is added following a behavior, and as a result the behavior occurs less often.

Reinforcement increases the strength of a behavior. In negative reinforcement, an 
aversive is removed following a behavior, and as a result the behavior occurs more 
often.

Consider a laboratory example of positive punishment: A rat is in an experimental 
chamber. It has previously learned to obtain food by pressing a lever. It goes to the le-
ver and presses it—and receives a brief shock to its feet. It presses the lever again and 
receives another shock. The consequence of pressing the lever is delivery of a shock. 
As a result, the rate of lever pressing decreases. Lever pressing has been positively 
punished.

Now consider a laboratory example of negative reinforcement: A rat is in an ex-
perimental chamber. The fl oor of the chamber delivers a mild, constant shock to the 
rat’s feet. If the rat presses a lever, the shock ceases for fi ve seconds. In other words, 
the consequence of pressing the lever is the removal of shock. As a result, the rate of 
lever pressing increases. Lever pressing has been negatively reinforced. 

Positive punishment and negative reinforcement are very unfortunate terms, but we 
are stuck with them for the present. To keep the concepts straight, remember that both 
use aversives, but one adds them and the other takes them away. The key is to remem-
ber that positive means add, and negative means subtract. Then it all adds up.

Aversive Confusion: Positive Punishment and Negative Reinforcement Compared

ishment be positive? As in the case of reinforcement, the terms positive and 
negative do not refer to the nature of the event involved. They refer only to 
the fact that something is added or subtracted from the situation. If some-
thing is added, we speak of positive punishment; if something is removed, we 
speak of negative punishment. The two variations of punishment have also 
been called type 1 and type 2 punishment, respectively.
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 Query 2:  In positive punishment, something is ; in negative pun-

ishment, something is .

Students typically have a good deal of difficulty keeping the various kinds 
of operant learning straight. They are especially likely to confuse positive 
punishment with negative reinforcement (see the accompanying box on aver-
sive confusion). Because of these and other problems, some authorities have 
argued for a revision of the terminology (Kimble, 1993; Michael, 1975). Unfor-
tunately, the terms are embedded in the fi eld and must be learned.

 Query 3:  Negative reinforcement  the strength of a behavior; posi-

tive punishment  it.

 REVIEW  Punishment in everyday use means retribution, but to learning researchers it 
means the procedure of providing consequences that reduce the strength of be-
havior. There are two forms of punishment, positive and negative. In the fi rst, 
something is added after a behavior; in the second, something is removed.

Variables Affecting Punishment
Punishment, like reinforcement, is basically a simple phenomenon. However, 
the effects of a punishing experience depend on the complex interactions of 
many variables. Many of the same variables that are important in reinforce-
ment are also important in punishment.

Contingency

The degree to which punishment weakens a behavior (e.g., reduces its fre-
quency) varies with the degree to which a punishing event is dependent on 
that behavior. If a rat receives a shock each time it presses a lever, but not oth-
erwise, then there is a clear contingency between lever pressing and shock. If, 
on the other hand, the rat is as likely to get a shock when it doesn’t press the 
lever as when it does, then there is no contingency. The greater the degree of 
contingency between a behavior and a punishing event, the faster behavior 
changes.

An experiment by Erling Boe and Russel Church (1967) will illustrate. Af-
ter fi rst training rats to press a lever for food, Boe and Church put lever press-
ing on extinction for 20 minutes. During 15 minutes of this period, some rats 
received shocks occasionally, regardless of what they did; other rats received 
shocks, but only when they pressed the lever; and the remaining rats (the con-
trol group) never received shocks. After this, all the rats underwent an hour-
long extinction session each day for the next nine days; none of the rats re-
ceived shocks during any of these sessions. The result was that the amount of 
lever pressing during extinction varied with exposure to shock (see Figure 7-2). 
Rats that were never shocked showed a gradual decline in the rate of lever 
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pressing, as is expected during extinction. The performance of rats that re-
ceived noncontingent shocks was almost the same as that of rats that received 
no shocks. But rats that received shocks only when they pressed the lever 
showed a marked reduction in lever pressing during extinction. Thus, the 
greater the contingency between a behavior and a punisher, the greater the 
suppression of the behavior.3 

Contiguity

The interval between a behavior and a punishing consequence has a powerful 
effect on learning. The longer the delay, the slower the learning. 

The importance of contiguity is nicely illustrated in an experiment by 
David Camp and his colleagues (1967). In this experiment, rats periodically 
received food for pressing a lever. They also sometimes received shocks for le-
ver pressing. For some rats, the shocks came immediately after pressing the 
lever; for others, the shocks were delayed by 2 seconds; and for still other rats 
there was a delay of 30 seconds between lever presses and shock. The research-
ers measured the effectiveness of shock in terms of a suppression ratio— 
basically the percentage of the responses that would have been expected with-
out shocks. The results showed that immediate shocks suppressed lever 
pressing very effectively. When shocks followed lever presses by 2 seconds, 
they were far less effective in suppressing the behavior; a shock delayed by 30 
seconds had even less value (see Figure 7-3).

3There is evidence that inconsistent punishment can sometimes be effective if the probability 
of a punisher is made very high and is then gradually reduced (Lerman et al., 1997). As a practi-
cal matter, however, if you use punishment, make it highly likely that the behavior will have a 
punishing consequence.
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The importance of contiguity in punishment has also been demonstrated 
in experiments with people. In one study, Ann Abramowitz and Susan O’Leary 
(1990) studied the effects of immediate and delayed reprimands on the “off-
task” behavior of hyperactive fi rst and second  graders. (Being off task means 
doing things other than the assigned work.) In this study, teachers repri-
manded the students either immediately or two minutes after the off-task be-
havior had begun. Reprimands were effective in suppressing forms of off-task 
behavior in which the child interacted with another student, but only the im-
mediate reprimands got results; delayed reprimands were useless.

Perhaps delays reduce the effectiveness of punishment because during the 
delay interval, other behaviors occur, and these may be suppressed rather than 
the intended behavior. Thus, a delayed punisher may suppress the same 
amount of behavior, but it may suppress several different behaviors slightly. 
Immediate punishment is more likely to act on the intended behavior. In any 
case, the rule of thumb is clear: For maximum effect, punish behavior 
immediately.

Unfortunately, outside the laboratory this rule is known more for its ne-
glect than for its observance. A mother on a shopping trip tells her mischie-
vous child, “Just wait ‘til we get home!” Such threats are normally not very 
effective because the threatened punishment comes (if at all) long after the 
offense. Teachers make the same error when they tell a youngster at nine 
o’clock in the morning that she will have to stay after school at the end of the 
day—six hours after the offense! It also seems likely that one reason our crim-
inal justice system is ineffective is the delay between the commission of a 
crime and its eventual punishment. A thief who is caught “red-handed” may 
be out on bail going about his business (including stealing property) for 
months before his case comes to trial. Those who would use punishment 
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effectively must fi nd ways of reducing the gap between the deed and the 
consequence.

Punisher Intensity

The strength of the punisher is an important factor in its effects on behavior. 
Very mild punishers typically have little effect. In one early study, B. F. Skin-
ner (1938) trained rats to press a lever for food and then put the behavior on ex-
tinction. During the fi rst ten minutes of extinction, some rats received a 
“slap” from the lever each time they pressed it. When Skinner compared the 
cumulative records of these rats, he found that punishment markedly reduced 
the rate of lever pressing, but the rate increased quickly once punishment 
ended. The end result was that punished rats pressed the lever about as often 
as those that were not punished.

Similarly, Thorndike (1932) presented college students with Spanish words 
or uncommon English words and asked them to choose a synonym from an ar-
ray of fi ve alternatives. If they guessed correctly, the experimenter said, “Right”; 
if incorrectly, the experimenter said, “Wrong.” Thorndike then looked at the 
tendency of students to repeat right and wrong answers. He found that “Right” 
increased the tendency to repeat an answer, but “Wrong” did not decrease it.

As a result of these and other experiments, Thorndike and Skinner con-
cluded that punishment has little effect, and that effect is only temporary. 
This conclusion proved to be false. The punishers Thorndike and Skinner used 
were very weak; studies with stronger punishers got much better results.

Several studies have shown a clear relationship between the intensity of a 
punisher and its effects. This relationship is perhaps best seen in the use of 
electric shock because the gradations of shock can be controlled precisely. In 
one experiment, Camp and his colleagues (1967) trained rats to press a lever 
for food and then periodically punished lever pressing. During the punish-
ment sessions, lever pressing continued to be reinforced. Punishment con-
sisted of very brief shocks that varied in intensity. The result was that the 
mildest shock had little effect, compared to a no-shock control group, but the 
strongest shock essentially brought lever pressing to a halt (see Figure 7-4).

 Query 4:  Figure 7-4 shows that the more  

a punisher, the more it  the rate of a behavior.

After reviewing research on this problem, Nathan Azrin and W. C. Holz 
(1966) concluded, “All studies of the intensity of punishment have found that 
the greater the intensity of the punishing stimulus, the greater is the reduc-
tion of the punished responses” (p. 396). That conclusion still stands today. 

Introductory Level of Punishment

In selecting a level of punishment, one may begin with a strong punisher that 
is almost certain to suppress the behavior, or one may begin with a weak pun-
isher and gradually increase its intensity until an effective level is found. Az-
rin and Holz (1966) argue that using an effective level of punishment from the 
very beginning is extremely important.
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The problem in beginning with a weak punisher and gradually increasing 
its intensity is that the punished behavior will tend to persist during these in-
creases. In the end, a far greater level of punisher may be required to suppress 
the behavior. Neal Miller (1960) demonstrated this in a study with rats. He 
fi rst exposed rats to very weak electric shock when they entered an alley, then 
gradually increased the intensity of shock. The result was that the rats even-
tually endured levels of shock that would have suppressed their behavior had 
such shocks been received at the outset. Similarly, research psychiatrist Jules 
Masserman (1946) found that cats would continue to respond despite strong 
levels of punishment if the punisher was initially weak and gradually in-
creased. A punisher that might have suppressed a behavior entirely had it 
been used at the beginning became ineffective when a series of weaker pun-
ishers was used fi rst. It follows that if punishment is to be used, one must 
begin with a punisher that is intense enough to suppress the behavior 
dramatically.

This point is by no means obvious. It is common practice for parents, 
teachers, and judges to attempt to punish a behavior with a very mild conse-
quence and then, if the result is not satisfactory, gradually increase the level 
of punishment. A parent may give a child a stern look at a fi rst offense, repri-
mand him after a second offense, shout at a third offense, slap him after the 
fourth offense, and paddle him after the fi fth. Judges often do essentially the 
same thing. A person convicted of drunk driving may get off with a warning 
on the fi rst offense, pay a small fi ne for a second offense, have her license sus-
pended for a few months for a third offense, and so on. It is as if we were try-
ing to increase the person’s tolerance for successively higher levels of punish-
ment. In any case, that is all too often the result.

Unfortunately, the idea of beginning with a strong aversive is itself prob-
lematic. For one thing, it is not obvious at the outset what level of punisher 
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will be effective. For example, the staff at an Israeli day care center complained 
that parents were sometimes late in picking up their children (reported in Lev-
itt & Dubner, 2005). This meant that teachers had to stay late to look after the 
children. The school decided to levy a fi ne of $3 per child if a parent were 
more than ten minutes late. The result was that parental  tardiness—increased! 
Soon, there were twice as many late arrivals as there had been. The initial 
punisher was simply too weak. Would a $10 fi ne have worked? A $20 fi ne? 
$50? It’s impossible to say for sure in advance. 

In addition, there are legal and ethical constraints on the use of strong aver-
sives. Years ago, a child who engaged in severe forms of self-injurious behavior, 
such as hitting himself in the eyes with his fi sts, might be slapped on the but-
tocks or given a brief electric shock each time such behavior occurred. It was 
usually quite effective and seemed justifi ed because the punishment, while 
painful, caused no injury and suppressed behavior that could cause serious per-
manent damage. But today special procedures, such as appearing before an eth-
ical review board, must be followed in health settings and schools to be sure 
the treatment falls within ethical and legal standards. While such measures 
are a reasonable safeguard against abuse, they present practical problems for 
the therapeutic use of punishment. In some states, if physical punishment is to 
be used, it is actually illegal to begin with a strong aversive. 

Reinforcement of the Punished Behavior

In considering punishment, remember that the behavior concerned is main-
tained by reinforcement. If this were not the case, the behavior would not oc-
cur or would occur very infrequently. It follows that the effectiveness of a 
punishment procedure depends on the frequency, amount, and quality of rein-
forcers the behavior produces.

Consider a pigeon pecking a disk for food. If pecking ceases to produce 
food, pecking will sooner or later fall off. Similarly, an employee who fre-
quently leaves work early does so because there are more rewarding things to 
do than stay at work. The success of efforts to punish behavior will depend, 
then, on the reinforcing consequences of the behavior. If a behavior produces 
reinforcers, it may persist despite aversive consequences (Azrin & Holz, 1961; 
Camp et al., 1967).

In one study, Phil Reed and Toshihiko Yoshino (2001) used a noise to pun-
ish lever pressing in rats. When lever pressing was likely to produce food, rats 
pressed the lever even though doing so also caused a loud noise. When lever 
pressing did not “pay” very well (when they got less food), even a half-second 
tone reduced lever pressing.

Alternative Sources of Reinforcement

A related factor in the effectiveness of punishment is the availability of alter-
native ways of obtaining reinforcement. Consider a hungry rat that receives 
food when it presses a lever. Now suppose we begin shocking the rat when it 
presses the lever. You can see that if the lever is the rat’s only means of ob-
taining food, it is likely to continue pressing despite the shocks. On the other 
hand, if the rat has another way of obtaining food, the shocks will likely sup-
press lever pressing.



216  CH A P TER SEV EN

In a study by Herman and Azrin (1964), male psychiatric patients contin-
ued to perform a behavior that periodically produced reinforcers, even though 
the behavior also produced a loud, annoying sound. However, when the pa-
tients were given an alternative way of obtaining re inforcers (one that did not 
produce noise), they readily did that. In other words, punishment completely 
suppressed the original behavior when there was an alternative way of obtain-
ing reinforcement (see Figure 7-5).

This fi nding has an obvious implication for the practical use of punish-
ment: When punishing an unwanted behavior, be sure to provide an alterna-
tive means of obtaining the reinforcers that maintained that behavior. For in-
stance, if a child receives adult attention by playing with his food at the dinner 
table, make sure that she can obtain attention in more acceptable ways. If you 
do that, punishment will be more effective—and, more importantly, may not 
be necessary.

Deprivation Level

Another infl uence on the effectiveness of punishment is the level of reinforcer 
deprivation. A rat that receives both shocks and food when it presses a lever 
may press the lever steadily if it is very hungry, but it may not press the lever 
at all if it has recently eaten. In one study, Azrin and others (1963) compared 
the effects of punishment on disk pecking when birds were under different 
levels of food deprivation. Punishment had little effect when the birds were 
very hungry, but it suppressed disk pecking almost completely when the birds 
were only slightly hungry (see Figure 7-6).

 Query 5:  In general, the      the level of reinforcer deprivation, the  

 effective a punisher is.

Other Variables

The variables just reviewed are among the most important in determining the 
effectiveness of punishment, but other variables play a role. Qualitative fea-
tures of the punisher, for example, can be important. A high-pitched sound, 
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for instance, may be a more effective punisher than a low-pitched sound. Pun-
ishment, like reinforcement, is more complicated than it appears on fi rst 
inspection.

 Query 6:  Name four variables affecting punishment.

 REVIEW  Although punishment is basically a simple procedure, it is complicated by the 
many variables that affect it. These include contingency, contiguity, punisher 
intensity, the introductory level of punishment, the availability of reinforce-
ment for the punished behavior and for alternative behaviors, and the level of 
deprivation, among other things.

Theories of Punishment
Early theories of punishment (Estes, 1944; Guthrie, 1960; Skinner, 1953) pro-
posed that response suppression was due to the disruptive effects of aversive 
stimuli. They pointed out that when a rat is shocked it may jump, then freeze 
or run hurriedly about. This behavior is clearly incompatible with, say, press-
ing a lever, so the rate of lever pressing is bound to decline. Skinner (1953) gives 
the example of a child who giggles in church. If the parent pinches the child, 
this arouses emotional behavior that is incompatible with giggling, so the gig-
gling stops or declines. The punished behavior, said Skinner, “is merely tempo-
rarily suppressed, more or less effectively, by an emotional reaction” (p. 188).

Research on punishment undermined this explanation by producing two 
key fi ndings: First, as we have seen, the effects of punishment are not as tran-
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sient as Skinner thought if sufficiently strong aversives are used. Second, 
 punishment has a greater suppressive effect on behavior than does aversive 
stimulation that is independent of behavior. This last point takes a bit of 
explaining.

If punishment reduces behavior rates merely because it arouses incompat-
ible behavior, then it should make no difference whether the aversive stimuli 
used are contingent on behavior. But in fact it makes a great deal of differ-
ence. Recall the study by Boe and Church (1967), described earlier, in which 
some rats received noncontingent shocks. The experimenters also ran a group 
of rats that received occasional shocks, but in this group the shocks were 
contingent on lever pressing. Thus, some rats received shocks contingent on 
lever pressing, others received the same number of shocks independent of 
their behavior, and a control group received no shocks at all. As noted earlier, 
the noncontingent shocks did suppress lever pressing, but this effect was 
nothing compared to that of contingent shocks (look again at Figure 7-2 on 
page 211).

The disruption theory of punishment could not explain this discrepancy 
between contingent and noncontingent aversives. Today, the two leading the-
ories are the two-process and one-process theories we encountered in consid-
ering avoidance learning.

Two-Process Theory

Two-process theory says that punishment involves both Pavlovian and operant 
procedures (Dinsmoor, 1954, 1955; Mowrer, 1947). The theory is applied to pun-
ishment in much the same way it is applied to avoidance (see Chapter 5). If a rat 
presses a lever and receives a shock, the lever is paired with the shock. Through 
Pavlovian conditioning, the lever then becomes a CS for the same behavior 
aroused by the shock, including fear. Put another way, if shock is aversive, then 
the lever becomes aversive. The rat may escape the lever by moving away from 
it. Moving away from the lever is reinforced by a reduction of fear. Of course, 
moving away from the lever necessarily reduces the rate of lever pressing.

Critics of the two-process theory charge that the theory has all the fl aws 
when applied to punishment as it does when explaining avoidance. For in-
stance, the theory predicts that punishment would reduce responding in pro-
portion to its proximity to the punished behavior. A rat that has been shocked 
when it pressed a lever should be less inclined to press the lever than to touch 
it, less inclined to touch it than to stand near it, less inclined to stand near it 
than to approach it, and so on. But this may not be the case.

In one study, R. Mansfi eld and Howard Rachlin (1970) trained pigeons to 
peck two disks for food. The birds received food only if they pecked both disks 
in the proper sequence, fi rst the right disk, then the left. Next the experi-
menters began shocking the birds each time they pecked the disks in the 
proper right-left sequence. They began with mild shocks and each day in-
creased their intensity. They reasoned that if the two-process theory were cor-
rect, at some point the birds would peck the right disk but not the left. The 
right disk, being further removed from punishment, would be less aversive 
than the left and therefore would be more likely to be pecked. It is as if a stu-
dent were punished for calling out answers instead of waiting to be called on 
by the teacher. After being punished, he might start to call out an answer, and 
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“catch himself.” Similarly, the birds might start the key peck sequence but 
catch themselves and stop. It turned out, however, that behavior rates on the 
two keys declined together. If the birds pecked the right disk, they nearly al-
ways went on to peck the left. Because of such fi ndings, the two- process the-
ory has lost ground to the one-process theory of punishment.

 Query 7:  The two processes of the two-process theory are  and 

.

One-Process Theory

The one-process theory of punishment is similar to the one-process theory of 
avoidance (see Chapter 5). It says that only one process, operant learning, is 
involved. Punishment, this theory argues, weakens behavior in the same 
manner that reinforcement strengthens it.

The idea goes back to Thorndike (1911), who originally thought that pun-
ishment was the mirror image of reinforcement. He later abandoned the idea 
when he found that mild punishment (such as saying “wrong” after an an-
swer) did not reduce the likelihood that the behavior would occur (Thorndike, 
1932). Other researchers later showed, however, that Thorndike’s punishers 
were just too weak to be effective and that stronger punishers produced ef-
fects parallel to reinforcement (Azrin & Holz, 1966; Premack, 1971; Rachlin 
& Herrnstein, 1969). 

There is other evidence in favor of the one-process theory. As you know, 
the Premack principle states that high-probability behavior reinforces low-
probability behavior. If the one-process theory is correct, then the opposite of 
Premack’s reinforcement rule should apply to punishment: Low-probability 
behavior should punish high-probability behavior (Premack, 1971). This is, in 
fact, what happens (Mazur, 1975). If, for example, a hungry rat is made to run 
following eating, it will eat less. The low-probability behavior (running) sup-
presses the high-probability behavior (eating). One-process theorists conclude 
that Thorndike was right in the fi rst place: Punishment and reinforcement 
have essentially symmetrical effects on behavior.

 REVIEW  The main attempts to explain how punishment works are two-process theory, 
which relies on Pavlovian and operant procedures, and one-process theory, 
which accounts for punishment entirely in terms of operant procedures.

Reinforcement and punishment show a certain symmetry, but this does 
not mean that they are equally desirable ways of changing behavior. Indeed, 
punishment leaves much to be desired as an agent of change. It works, but it 
can also create problems.

Problems with Punishment
Punishment is routinely used by parents, teachers, employers, supervisors, 
spouses, kids on playgrounds, and, well, practically everyone at one time or 
another. The reason it is so widely used is that it works—at least in the short 
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run. In other words, we use punishment because doing so is reinforcing to us. 
Sometimes the reinforcement is positive, as when a teacher is praised by a 
principal for “running a tight ship.” More often the reinforcement is negative, 
as when a teacher reprimands a student for talking, and the student becomes 
quiet. 

Punishment is a very powerful procedure. If the punisher regularly fol-
lows a behavior and is delivered immediately in sufficient strength from the 
outset, it typically produces a very rapid and substantial reduction in the be-
havior. If reinforcement of the unwanted behavior is discontinued and an al-
ternative way of providing the same reinforcer is provided, the punished be-
havior may entirely disappear. 

Punishment is also fast; there is no need to continue the practice for days 
or weeks to determine whether it will work. If a given consequence is going to 
reduce the frequency of a behavior, it will begin to do so immediately. Proper 
use of punishment can also produce a permanent suppression of the behavior, 
which is especially important if the behavior is potentially injurious.

And punishment has benefi cial side effects. In a review of studies using 
shock in the treatment of autistic children, K. L. Lichstein and Laura Schreib-
man (1976) found that the children became more sociable, more cooperative, 
more affectionate, more likely to make eye contact, and more likely to smile. 
They actually seemed happier after their aberrant behavior was suppressed 
with punishment. 

Unfortunately, there are certain potential problems with punishment of 
which everyone should be aware (Sidman, 1989b). While these problems may 
occur with any form of punishment, they are most likely to be troublesome 
with physical punishment. The problems include escape, aggression, apathy, 
abuse, and imitation of the punisher. 

Escape

A typical (and quite sensible) reaction to punishment is to try to escape or 
avoid the source of punishment. The child struggles to free herself from the 
parent who is spanking her; the failing student plays hooky from school; the 
employee who has botched an assignment “hides out” until the boss has 
cooled down.

Sometimes it is possible to escape without actually fl eeing. In one study, a 
rat received both food and shock when it pressed a lever (Azrin & Holz, 1966). 
The shock came through a grid fl oor, and the rat learned to lie on its back and 
press the lever while lying on its back. Presumably the rat’s fur insulated it 
somewhat from the shocks. Murray Sidman (1989b) notes that we humans of-
ten escape punishment by “tuning out.” We “close our ears,” for example, to a 
spouse, parent, or employer who repeatedly criticizes our behavior.

We can also escape or avoid punishment by cheating and lying. The stu-
dent who did not do his homework avoids punishment by copying someone 
else’s work or by saying, “The dog ate it.” Making excuses, fawning, crying, 
and showing remorse are other tactics that are often reinforced by escape from 
or avoidance of punishment. Indeed, one common result of frequent punish-
ment is that people become quite good at these escape tactics. 
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The “ultimate escape,” as Sidman (1989b) terms it, is suicide. Prisoners 
under torture will sometimes kill themselves to escape the pain. People who 
live in abusive relationships or who are victims of harassment by government 
sometimes escape these situations by removing themselves irrevocably from 
them. Suicide is an extreme measure to take, and better options are almost al-
ways available, but it illustrates the efforts to which people will sometimes go 
to escape or avoid punishment. 

Aggression

An alternative to escaping punishment is to attack those who punish. We crit-
icize our critics, disparage those who disparage us, and answer each blow in 
kind. Aggression is particularly likely when escape is impossible. Like escape, 
aggression is often an effective way of exerting control over those who punish.

An employee who is routinely badgered on the job or a student who is bul-
lied and humiliated at school may retaliate with aggression. Unfortunately, 
both kinds of events have become all too common in the United States.4 Even 
more common are milder forms of aggression. Employees who are mistreated 
often steal materials, sabotage products, or deliberately slow production rates. 
Students who are miserable in school and cannot withdraw may vandalize 
school property or assault teachers. Religious and ethnic groups attack those 
who have injured them, and those they attack reply in kind. In some cases, 
such as the dispute between Catholics and Protestants in Northern Ireland, 
the attempt to “get even” goes on for generations. When terrorists killed thou-
sands of people in the attacks of September 11, 2001, there were calls for re-
taliation to “get even.” 5

The aggression is not always directed at the source of injury. If two ani-
mals are put into the same chamber, and one of them is shocked, the shocked 
animal will attack its neighbor (Ulrich & Azrin, 1962; Ulrich, Hutchinson, & 
Azrin, 1965). This is so even though the other animal had nothing to do with 
the attacker’s pain. Shocked animals will even attack much larger neighbors: 
A mouse will attack a rat, a rat will attack a cat. If no other animal is avail-
able, shocked animals will attack inanimate objects. If no suitable object is 
available, a rat will work to obtain an object to bite (Azrin, Hutchinson, & 
McLaughlin, 1965).

We can see much the same phenomenon in people. A familiar example 
suggests the way aggression sometimes “progresses” through a family: A hus-
band strikes his wife, the wife strikes a child, the child strikes a younger sib-
ling, the sibling strikes the family dog. Humans, like animals, will also at-
tack inanimate objects if no living creature is handy: Most of us have thrown 
an object or slammed a door after being insulted. 

4When an employee or a student shoots those who have antagonized him or her, people often 
explain the behavior by saying the person “snapped.” This is another of those useless pseudo-
explanations (see Chapter 2). The only evidence to support it is the very behavior it is supposed 
to explain. (Why did he shoot people? Because he snapped! How do you know he snapped? 
Because he shot people!)
5Nevin (2003, 2004) analyzed cases of retaliation by governments following terrorist attacks. 
He found no evidence that retaliating had any effect on terrorist behavior. 
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People, unlike other animals, often try to make their aggression against 
innocent parties seem rational. The British philosopher and mathematician 
Bertrand Russell reports that while a lad in school he saw one of his class-
mates beating a younger boy. When he reproached the bully, the latter replied, 
“The Bigs beat on me, so I beat the babies. That’s fair.” Of course, there is 
nothing fair about it. The boy had at least recognized, however, that the beat-
ing he gave was in some way connected to the beating he received.

Apathy

A third problem with punishment, particularly when escape and aggression 
are not possible, is a general suppression of behavior. If aversives are a com-
mon consequence of many kinds of behavior, the result may be a suppression 
not only of the punished behavior but of behavior in general. A kind of mal-
aise, or apathy, is a by-product of situations in which punishment is common-
place. Unless strong positive reinforcers provide a counterweight to punish-
ment, the best thing to do may be nothing.

When Carl Warden and Mercy Aylesworth (1927) punished rats for enter-
ing one of two passageways, they found that the rats tended to avoid entering 
either. Instead, they stayed in the release chamber. We may see a similar phe-
nomenon in the classroom when a teacher regularly ridicules children for ask-
ing “stupid” questions. Those children not only become less likely to ask 
questions, they may be reluctant to answer questions or participate in other 
classroom activities.

Abuse

Another difficulty with punishment, especially physical punishment, is the 
potential for abuse by the punisher. The use of corporal punishment in schools 
has resulted in broken bones, ruptured blood vessels, hematomas, muscle and 
nerve damage, whiplash, spinal injuries, and even death.6

Child abuse in the home is often punishment that got out of hand. A par-
ent slaps a child harder than intended and breaks a jaw, boxes the child’s ears 
and breaks an eardrum, shakes a crying baby and causes brain damage. Some-
times parents inadvertently reinforce more and more objectionable behavior 
and then resort to extreme forms of punishment to suppress it. Parents some-
times begin with a very mild form of punishment and gradually use stronger 
and stronger consequences, sometimes ending up causing bodily injury.

Imitation of the Punisher

Another problem with punishment is that those who are punished tend to im-
itate those who punish them. When parents rely heavily on punishment in 
rearing their children, for example, the children rely heavily on punishment 
in dealing with siblings and peers (Bandura & Walters, 1959; Sears, Maccoby, 
& Levin, 1957). As they become spouse, friend, co-worker, and parent, they 
use punishment to deal with the troublesome behavior of others. Similarly, 

6For more on this, see www.stophitting.com.

www.stophitting.com
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the boss who relies on punishment to keep her managers “in line” may fi nd 
that those managers use similar methods in dealing with their subordinates. 

Because of the problems with punishment, its use raises ethical questions. 
Is it right, for example, to paddle children who misbehave? Questions of this 
sort are not, of course, scientifi c questions. The science of behavior can deter-
mine the effects of punishment and how it can be used effectively. But science 
cannot tell us whether what can be done should be done. The use of punish-
ment inevitably proves to be controversial.

Of course, not all forms of punishment are equally troublesome. There is 
a great deal of difference between hitting a child in the head with your hand 
and denying the child television viewing privileges. Note also that, when 
properly used, punishment can have very benefi cial effects. It not only reduces 
the frequency of the punished behavior but often has positive side effects. Au-
tistic and retarded people who repeatedly injure themselves, for example, of-
ten become more outgoing and seem happier after the self-injurious behavior 
has been suppressed with punishment. After reviewing the literature on this 
issue, Saul Axelrod (1983) wrote that “the vast majority of studies have re-
ported positive side effects” (p. 8; see also Newsom, Flavall, & Rincover, 1983; 
Van Houten, 1983). Nevertheless, the potential for problems exists, particu-
larly when physical punishment is involved, and experts seem increasingly 
inclined to rely on other procedures. 

 Query 8:   The fi ve problems that can arise with punishment are   , 

  ,   ,   , and 

  .

 REVIEW Although punishment is often very effective in reducing the frequency of a be-
havior, it often gives rise to certain problems, including escape, aggression, 
apathy, abuse, and imitation. Because of these and other problems, it is wise 
to consider alternatives to punishment.

Alternatives to Punishment
Reinforcement, including positive reinforcement, can have negative effects 
(Perone, 2003). However, reinforcement is generally a safer procedure than 
punishment. Because of the problems with punishment, clinical researchers 
have sought alternative ways of modifying troublesome behavior (Lavigna & 
Donnellan, 1986). 

One alternative is to prevent the behavior from occurring by altering the 
environment in some way, a procedure called response prevention. Instead of 
punishing a child for playing with the family’s precious china, we might put 
the china out of reach. A telephone lock may curb a child’s tendency to make 
telephone calls to people on the other side of the globe. Poisons and fi rearms 
can be put under lock and key. A child who bites his hands may be required to 
wear boxing gloves.
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We saw in Chapter 5 that extinction—withholding all reinforcement for a 
given behavior—will reduce the frequency of that behavior. Using extinction 
to get rid of unwanted behavior requires fi rst of all identifying the reinforcers 
that maintain it. For example, adult attention is frequently the reinforcer that 
maintains misbehavior in children (Azerrad & Chance, 2001; Hart et al., 
1964). 

One problem with extinction, as noted in Chapter 5, is the extinction 
burst, an increase in the behavior on extinction. Extinction also often pro-
vokes emotional outbursts, especially aggression and angry displays. 

The frequency of a behavior can often be reduced by using extinction in 
combination with reinforcement, a procedure called differential reinforce-
ment. There are several forms of differential reinforcement. In one, called dif-
ferential re inforcement of low rate (DRL), reinforcers are provided for a 
behavior, but only when it occurs infrequently. For example, suppose a pigeon 
is pecking a disk one or two times a second. To reduce the rate of pecking, we 
might provide reinforcement only if a minimum of two seconds passes since 
the previous disk peck. Similarly, a parent might praise a child who practices 
playing the drums—but only if the playing occurs after a twenty-four hour 
period. 

With DR0, which stands for differential reinforcement of zero respond-
ing, reinforcement is contingent on not performing the behavior for a speci-
fi ed period of time. For example, the pigeon that is pecking a disk one or two 
times a second may receive food only if two seconds pass without pecking. 
When the pigeon meets this standard consistently, we might require a period 
of three seconds without pecks, then fi ve seconds, then eight, and so on. If a 
student curses frequently, the teacher might give her a friendly smile and a 
wink every time she goes fi ve minutes without cursing.

DRL and DR0 are very similar procedures. Both provide reinforcers after a 
given period. The difference is that in DRL the behavior of interest is rein-
forced if it occurs after the end of the interval, whereas in DR0 the reinforcer 
is provided at the end of the interval only if the behavior does not occur. DRL 
is thus appropriate if the goal is to reduce the rate of the behavior; DR0 is ap-
propriate if the goal is to eliminate the behavior entirely. 

Another form of differential reinforcement is called differential re-
inforcement of incompatible behavior (DRI). In DRI, you reinforce a behavior 
that is incompatible with the unwanted behavior. Moving rapidly is incom-
patible with moving slowly; smiling is generally incompatible with frowning; 
standing is incompatible with sitting down. By increasing the rate of a desir-
able behavior, you automatically reduce the rate of an incompatible undesir-
able behavior. One of the best ways teachers can reduce the amount of time 
children spend wandering around a classroom is to praise students who are 
sitting in their seats. If you are sitting in your seat, you cannot be wandering 
around.

 Query 9:  In differential reinforcement, unwanted behavior is placed on 

  , and a more desirable behavior (or rate of behavior) is 

  .
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One advantage of differential reinforcement is that it focuses attention on 
strengthening desirable behaviors rather than suppressing undesirable ones 
(Carr, Robinson, & Palumbo, 1990a: Carr et al., 1990b; Goldiamond, 1975b). 
Keep in mind that differential reinforcement includes putting the unwanted 
behavior on extinction. Differential reinforcement may be of limited value if 
the troublesome behavior continues to be reinforced at its usual rate.

 REVIEW Fortunately, there are effective alternatives to punishment. These include re-
sponse prevention, extinction, and various forms of differential reinforce-
ment. There may be instances in which punishment must be used, but the 
world would be a better place if all of us relied less on punishment and more 
on positive methods of infl uencing behavior.

RECOMMENDED READING

 1. Bandura, A., & Walters, R. H. (1959). Adolescent aggression. New York: 
Ronald Press.

  The authors found that heavy reliance on punishment by parents was a 
common factor in the backgrounds of aggressive adolescents.

 2. Carey, J. (1987). Eyewitness to history. Cambridge, MA: Harvard Univer-
sity Press.

  Anyone who thinks that the problems with punishment are obvious 
should peruse this book for examples of the horrifi c use of aversives 
throughout human history.

 3. Perone, M. (2003). Negative effects of positive reinforcement. The Behav-
ior Analyst, 26, 1–14.

  Perone argues that positive reinforcement is not entirely good, and pun-
ishment is not altogether bad.

 4. Sidman, M. (1989). Coercion and its fallout. Boston, MA: Authors 
Cooperative.

  This harsh critique of aversive control, including punishment, is by an ex-
pert on the subject.

 5. Skinner, B. F. (1953). Punishment. Chapter 12 in Science and human be-
havior (pp. 182–193). New York: Free Press.

  Skinner stubbornly opposed punishment; here he makes his case against 
it.

REVIEW QUESTIONS

 1. Defi ne the following terms:
differential reinforcement  differential reinforcement of  
 of incompatible behavior (DRI)  zero responding (DR0) 
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negative punishment punisher
penalty training punishment
positive punishment response prevention

 2. Why do people rely so much on punishment?

 3. Benjamin Franklin said that we hate those whom we fear. Do you think 
he was right? Explain.

 4. What is the key difference between positive and negative punishment?

 5. Many people believe that raising the price of cigarettes will reduce smok-
ing. If so, does this constitute punishment?

 6. Why is it important to use extinction in conjunction with differential 
reinforcement?

 7. If you were the only person in the world, could you still be punished?

 8. What is the key difference between negative reinforcement and punish-
ment?

 9. People often say they seek “open, honest relationships.” Why are such re-
lationships so rare?

 10. What is the key difference between the two-process and one-process theo-
ries of punishment?

 11. How would you distinguish between punishment and abuse?

 12. Why do you suppose it took researchers so long to appreciate the power of 
punishment?

 13. Some psychologists have suggested that people could reduce unwanted be-
havior in themselves, such as nail biting, by wearing a rubber band around 
their wrist and snapping it against their skin whenever they perform the 
unwanted behavior. What do you think of this  technique?

 14. Five-year-old Mary has misbehaved. Her father spanks her and sends her 
to her room. Has Mary been punished?

 15. How might David Premack defi ne a punisher?

 16. Give examples of the side effects you might expect if you used punish-
ment to control the behavior of a spouse or friend.

 17. If you were a practicing physician, how would you alter the behavior of an 
elderly person who frequently comes in with vague, inconsequential 
symptoms?

 18. Suppose you are a pediatric dentist and many of your patients constantly 
suck their thumbs, a practice that may cause dental problems. What would 
you do?

 19. How could a principal use differential reinforcement to reduce the use of 
punishment by her teachers?

 20. You are preparing guidelines for the use of corporal punishment in a re-
form school. What one point will you emphasize most?



P unishment  227  

PRACTICE QUIZ

 1. The fi rst formal studies of punishment were probably done by 
 around the turn of the century.

 2. Positive punishment and  are often mistakenly 
thought to refer to the same procedure.

 3. Murray Sidman, an expert on punishment, wrote a critique of the subject 
called  .

 4. According to the two-process theory, punishment involves two proce-
dures,  and  .

 5. Punishment is more likely to suppress a behavior if the individual has 
alternative means of obtaining  .

 6. Benjamin Franklin observed that people who are feared are 
 .

 7. David Camp and his colleagues found that a delay of 30 seconds greatly 
reduced the effects of contingent shock. They found that even a delay of 

 seconds made shocks less effective.

 8. In using punishment, it is best to begin with a punisher that is 
 (slightly stronger/slightly weaker) than the mini-

mum required to suppress the behavior.

 9. The fact that an annoying behavior occurs implies that it has 
 consequences. 

 10. Five problems are associated with punishment. Three of these problems 
are  .

QUERY ANSWERS

Query 1. Positive and negative punishment are similar in that both weaken/
suppress/reduce the strength of a behavior.

Query 2. In positive punishment, something is added/presented; in negative 
punishment, something is subtracted/removed.

Query 3. Negative reinforcement increases the strength of a behavior; posi-
tive punishment decreases/reduces it.

Query 4. Figure 7-4 shows that the more intense a punisher, the more it re-
duces the rate of a behavior.

Query 5. In general, the higher/greater the level of reinforcer deprivation, the 
less effective a punisher is.

Query 6. Any four of the variables covered may be named: contingency, con-
tiguity, punisher intensity, beginning level of punishment, availability of 
reinforcement for the punished behavior, alternative sources of reinforce-
ment, deprivation level, and qualitative features of the punisher.
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Query 7. The two processes of the two-process theory are Pavlovian condi-
tioning and operant learning.

Query 8. The fi ve problems that can arise with punishment are escape, ag-
gression, apathy, abuse, and imitative use of punishment.

Query 9. In differential reinforcement, unwanted behavior is placed on ex-
tinction, and a more desirable behavior (or rate of behavior) is reinforced.

Workbook Chapter 3 includes:Active Learning

Workbook Chapter 7 includes exercises on:

• Identifying types of punishment
• Variables affecting punishment
• Theories of punishment
• Problems associated with punishment
• Alternatives to punishment
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C H A P T E R

8
Operant Applications 
and Interpretations 

How have operant procedures improved the lives of zoo animals?

How much more could students learn than they learn now?

Why do some people deliberately injure themselves?

Can you learn to control yourself?

What does learning have to do with delusions?

Is depression learned?

Why do some people get “hooked” on gambling?

Do superstitions make sense?

Where do insights and creativity come from?

Is language truly different from other forms of behavior?

BEFORE YOU BEGIN . . .

Zoo Life

box: Reinforcement Goes to the Dogs

Education

Self-Injurious Behavior

Self-Control

Delusions

Self-Awareness 

box: The Shaping of Awareness

Helplessness

Excesssive Gambling

Superstition

Box: Quick! Get Some Mud!

Insightful Problem Solving

IN THIS CHAPTER . . .
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Creativity 

Verbal Behavior

box: Rewarding Lies

A Final Word

Recommended Reading 

Review Questions 

Practice Quiz 

Query Answers 

The great end of life is not knowledge, but action.

T. H. Huxley

Species evolve through natural selection: If a feature is useful, it survives; 
if it isn’t, it dies out. B. F. Skinner (and Thorndike before him) suggested 
that the same sort of thing occurs during operant learning: If a behavior 

is useful, it survives; if it isn’t, it dies out. The environment shapes the behav-
ior of individuals, they argued, just as it shapes the characteristics of species.1

But does it? It is generally granted that operant procedures have been very 
effective in training animals and in treating simple behavior problems such 
as tics and phobias. And many people acknowledge that operant learning ac-
counts for some simple forms of behavior, such as lever pressing in rats and 
disk pecking in pigeons. However, most people seem to doubt the value of op-
erant procedures in teaching children to read and in treating problems such 
as autism and the delusions of schizophrenics. And almost no one seems to 
believe that operant learning can account for complex phenomena such as in-
sight and creativity. 

One purpose of this chapter is to demonstrate that operant procedures 
have found many useful applications involving difficult behavior problems. A 
second purpose is to provide evidence that operant principles can offer an 
analysis or interpretation of many complex behaviors, accounts that are at 
least as viable as those that are widely accepted. The distinction between ap-
plication and interpretation is not always easy to make. I will begin with 
clear-cut applications and gradually shift to the analysis of complex behavior. 

1As noted in Chapter 5, Thorndike (1898) was probably the fi rst person to suggest that reinforc-
ing consequences select behavior.
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Zoo Life
Operant principles are increasingly used in zoos to provide veterinary care 
and improve the quality of the animals’ lives. 

Providing veterinary care to captive wild animals, especially those that 
are large and aggressive, can be dangerous for both the animal and its caregiv-
ers. Not very long ago, such problems were dealt with using restraints or aver-
sives, by anesthetizing the animal, or by simply not providing care. Operant 
procedures are not only more humane but also less risky for all concerned.

For instance, animal trainer Gary Wilkes (1994) describes the application 
of operant procedures to treat an aggressive elephant. Veterinary care of cap-
tive elephants includes periodically trimming calluses that build up on their 
feet. If the calluses are not removed, the animal eventually is unable to walk. 
An aggressive bull elephant at the San Diego Zoo had not had its calluses 
trimmed in almost ten years. Normally the job is done by going into a pen 
with the elephant and cutting away at the calluses with a sharp tool. Given 
this animal’s history of aggressive behavior, there was not a lot of enthusiasm 
for this idea. Instead, the behavior specialist at the zoo, Gary Priest, had a 
large steel gate built at one end of an enclosure. The gate had a hole large 
enough to accommodate an elephant’s foot (see Figure 8-1). “Now,” writes 
Wilkes, “all that had to be done was to ask a violent bull elephant to daintily 
put his tootsies through a blank wall and let strange little creatures hack away 
at his feet with knives” (p. 32).

This was accomplished by shaping the desired behavior.2 Because shaping 
usually proceeds best with immediate reinforcement, the trainers established 
a clicking noise, made by a toy called a cricket, as a conditioned reinforcer 
(Skinner, 1951). They did this by repeatedly making the clicking sound and 
then giving the elephant a piece of carrot. When the clicking sound was rein-
forcing, the trainers used it to reinforce approaching the gate. When the 
 elephant approached the gate, a trainer sounded the clicker and tossed the 
elephant a bit of carrot. When the animal was in front of the gate, the trainers 
reinforced lifting the left front foot off the ground, then reinforced raising the 
foot several inches, then moving it toward the hole, and so on. Wilkes writes 
that “soon the animal would voluntarily walk to the gate and put one foot af-
ter another into the mysterious hole. He would hold it there while the keeper 
trimmed the pads of his feet and groomed the animal’s nails” (p. 33). An inter-
esting but not unusual side effect of the procedure was that the elephant’s 
temperament changed. He became far less aggressive and seemed to enjoy the 
training sessions. 

 Query 1: The procedure used to modify the elephant’s behavior was 

.

Operant procedures are used fairly routinely now in zoos and animal 
parks to provide veterinary care. But living well means more than keeping 
your toenails trimmed. It is difficult to say how captive animals feel about 
life in confi nement, but zoo animals often appear to be very bored. Life in the 

2To review the shaping procedure, see Chapter 5.
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wild is, as the English philosopher Thomas Hobbes said, “nasty, brutish, and 
short.” But life in zoos can usually be described as easy, boring, and long. 
Many animals, especially bears and felines, can be seen pacing up and down 
in their small cages. Primates sit for long periods or swing in a desultory man-
ner from one fake tree branch to another. Stereotypic behaviors seldom seen 
in animals in their natural habitat, such as swaying back and forth, are 
commonplace. 

Zoo officials often put large balls or other toys in enclosures to entertain 
animals, but these items tend to lose their appeal in short order. Another tack 
has been to make enclosures larger and more natural. At the Wild Animal 
Park near San Diego, for example, many animals roam relatively large spaces 
freely in natural surroundings. Giraffes and antelope graze at their leisure in 
an open plain, while lions look harmlessly on. This makes for a more enjoy-
able experience for the human visitor, and it may make life more pleasant for 
the animals, but we can do better.

Hal Markowitz (1978; 1982), who pioneered the use of operant procedures 
to improve the quality of life of captive wild animals, noticed that the prob-
lem is that there is little for captive animals to do except eat and sleep. For 
many animals, life in the wild is a more or less constant search for food. Bears, 
for example, spend most of their time from spring to early winter foraging. 
They graze on berries, eat the carcasses of animals, and seek out and eat the 
caches of squirrels. Occasionally they kill and eat deer or other large animals. 
These activities are the substance of the bear’s life in the wild. It isn’t an easy 
life, but it isn’t boring, either. But in zoos, even with large natural enclosures, 
food is provided daily “free of charge.” There is no need for the bears to search 
for food, and there is little chance that they will fi nd anything if they do, so 
any effort becomes pointless. What is true of bears is true of many captive 
animals. 

One of Markowitz’s discoveries was that life becomes more interesting 
for captive animals (they spend less time in “unnatural” stereotypic behavior, 
for example) when they obtain some of their food through their own efforts. 

SD

Figure 8-1 How do you give an elephant a pedicure? With shaping. See text for 
explanation.



Operant Appl icat ions and Interpretat ions  233  

For example, when Markowitz distributed food throughout a bear’s enclosure, 
the animal spent part of its day turning over logs and stones, looking into tree 
cavities and the like, just as it would do in the wild. The bears now had reason 
to be active. Markowitz used similar tactics for predatory birds, big cats, and 
other animals, thereby enriching life in zoos. 

It is fair to say that animals, domestic and wild, have benefi ted greatly 
from the use of operant procedures in their care and treatment.

 REVIEW  The use of positive reinforcement, shaping, and chaining is almost taken for 
granted by professional animal trainers and caretakers today, but 60 years ago 
trainers relied almost exclusively on negative reinforcement and punishment. 
Operant procedures provide humane ways of training zoo animals to cooper-
ate with essential veterinary procedures and improve their quality of life. 

Education
Each issue of the prestigious educational journal Phi Delta Kappan includes 
numerous cartoons. If you examine a few issues, you will see that a lot of the 
cartoons depict students with low test scores, bad report cards, difficult math 
problems, disapproving teachers, and various forms of punishment. The un-
stated message of this educational journal seems to be that school is a place 
where kids are frustrated, fail, and get into trouble.

More dogs die each year because of behavior problems than from all diseases com-
bined (reported in Jankowski, 1994). What often happens is that a dog develops a “bad 
habit” such as constantly barking, scratching at a door, or biting people. When efforts 
to change this behavior (usually with inappropriately applied aversives) fail, the dog is 
abandoned or taken to an animal shelter.

Sadly, even those dogs that make it to an animal shelter often face a grim fate be-
cause their behavior makes them unappealing. The history of exposure to inappropri-
ately used aversives can produce a dog that behaves in an excessively shy, fearful, or 
aggressive manner. A dog that cowers in a corner with its tail between its legs and 
looks away from a visitor is unlikely to fi nd a good home. It is fairly obvious that if such 
dogs were trained to behave in more attractive ways, fewer of them would be de-
stroyed, but such training has not been available. 

But that may be changing. Lauren Beck, the manager of an animal shelter, has 
used shaping to get dogs to make eye contact with people, to do a trick, and to display 
good canine manners (see Pryor, 1996). This change in behavior makes the animals far 
more appealing. When someone comes to the shelter hoping to adopt a dog, a mem-
ber of the shelter staff points out the dog’s virtues and invites the visitor to give the trick 
command and reinforce the behavior with a clicker. The usual reaction is something 
like, “This dog is brilliant!” 

Of course, the dog is not brilliant. It has simply had good training for a change.

Reinforcement Goes to the Dogs
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How sad. Particularly when you consider that we know how to make 
school a place where students are challenged, succeed, and enjoy themselves 
(Chance, 2008). Making use of learning principles, particularly shaping and 
positive reinforcement, is one key to this transformation.

The reinforcing effects of approval and attention on student behavior have 
been demonstrated many times. In one early study, Charles Madsen and oth-
ers (1968) asked two second grade teachers to alter the way they responded to 
appropriate and inappropriate student behavior. One of these teachers, Mrs. A, 
generally ignored good behavior and dealt with misbehavior by scolding the 
offending child or making loud, critical comments.3 There were frequent peri-
ods of something approximating chaos, which Mrs. A dealt with by making 
threats.

The researchers asked Mrs. A to make a simple, but fundamental, change 
in her behavior. Instead of ignoring the kids when they were good and criticiz-
ing them when they were bad, she was generally to ignore the kids when they 
were bad and praise them or make other approving comments when they were 
good. The transition was difficult. Mrs. A had a long history of reprimanding, 
criticizing, and threatening students (she made comments of this sort at the 
rate of one a minute at the start of the study), and it was difficult for her to 
stop doing that. Nevertheless she did manage to reduce the number of nega-
tive comments and greatly increase the number of positives. For example, dur-
ing the initial baseline period, Mrs. A praised student behavior an average of 
about once every 15 minutes; by the end of the study, she was praising about 
once every two minutes. Her tendency to criticize also fell sharply, from about 
once a minute to about once every six minutes. 

Although the researchers asked Mrs. A to recognize good behavior in any 
student, they suggested that she pay special attention to two students, Cliff 
and Frank. Cliff was a very bright boy who showed no interest in school. Mrs. 
A observed that “he would sit throughout entire work periods fi ddling with 
objects in his desk, talking, doing nothing, or misbehaving by bothering oth-
ers and walking around the room. Lately he has started hitting others for no 
apparent reason” (p. 140). Frank was a likeable boy of average intelligence. In 
the classroom he was often out of his seat and talking to other children and 
did not respond to his teacher’s efforts to correct him. 

 Query 2: Madsen and colleagues asked teachers to shift their attention from 

 behavior to  behavior. 

The change in Mrs. A’s behavior resulted in a marked change in her stu-
dents, especially Cliff and Frank. As Figure 8-2 shows, the two boys were ini-
tially misbehaving in about half of the 20-minute intervals during which the 
researchers observed their behavior. When Mrs. A began recognizing good be-
havior, the boys responded. When she went back to ignoring good behavior 

3Mrs. A is not exceptional in this. Observational studies in classrooms consistently show that 
the frequency of praise or approval for appropriate behavior is very low (Beaman & Wheldall, 
2000; Goodlad, 1984; Latham, 1997). Although teachers often report that they make frequent 
use of positive reinforcement, in fact they rely far more on reprimands and other forms of 
punishment. 



Operant Appl icat ions and Interpretat ions  235  

(baseline 2), their old habits returned. At the conclusion of the study, the boys 
were misbehaving less than a third as often as they had at the beginning.

The researchers note that it wasn’t easy for Mrs. A to catch Cliff being 
good, because he so seldom was. But as “the use of praise continued, Cliff 
worked harder on his assigned tasks, learned to ignore other children who 
were misbehaving and would raise his hand to get teacher’s attention. He was 
moved up to the fastest arithmetic group” (p. 149f). Frank also responded well. 
He did his work, asked for extra assignments, and volunteered to do things to 
help his teacher.

The researchers recorded data only on Cliff and Frank, but it was clear the 
entire class responded well to the new Mrs. A. “I was amazed,” she later 
wrote, “at the difference the procedure made in the atmosphere of the class-
room and even my own personal feelings. I realized that in praising the well-
behaved children and ignoring the bad, I was fi nding myself looking for the 
good in the children” (p. 149). School had become a more pleasant and produc-
tive place for both students and teacher.

Small children love attention, so it is not too surprising that the approval 
of a teacher would be very reinforcing, but adolescents are a different sort of 
beast—right? Apparently not. Studies fi nd that adolescents and adults typi-
cally respond in much the same way to approval as the kiddies do. British 
school psychologist Eddie McNamara (1984) did a study with a group of stu-
dents aged 15 and 16 identifi ed as disruptive. The students would call out, 
talk while the teacher was talking, ignore teacher requests, and ignore as-
signed work. McNamara asked the teacher to praise individuals, groups, and 
the class as a whole when they were “on task.” The result was that time on 
task rose from 67% to 84% (see Figure 8-3). 

These studies (and countless others) demonstrate that when appropriate 
behavior produces consequences such as praise, recognition, and approval, the 
usual result is an increase in appropriate behavior. And when students are 
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Figure 8-2 Praise and disruptive behavior. Average percentage of intervals in which 
Cliff or Frank behaved inappropriately (talking, making noise, disturbing others, etc.) 
decreased when the teacher praised appropriate behavior. (Compiled from data in Mad-
sen et al., 1968.)
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behaving appropriately, they are likely to learn more, so the procedure indi-
rectly improves academic progress. 

But reinforcement can also play a direct role in school learning. One of 
the best illustrations of this that I know of is provided by Hilary Buzas and 
Teodoro Ayllon (1981). In this study, the goal was to improve the tennis skills 
of three students, aged 13 and 14. The girls were defi cient in three basic tennis 
skills—forehand, backhand, and serve. Their coach did what most teachers 
(and others) do when trying to improve a person’s performance: She pointed 
out what they did wrong. For example, she might say, “You forgot to bend 
your knees!” Buzas and Ayllon asked the coach to ignore these mistakes and 
focus on what the students got right or nearly right. She might say, for exam-
ple, “Good! You started to bend your knees!” 

Positive feedback is usually reinforcing, as it was in this case. All three of 
the girls made huge gains with performance 200% to 400% better than dur-
ing baseline (see Figure 8-4).

Reinforcement has also played a central role in several very successful ed-
ucational programs. In one, Bill Hopkins and Robert Conard (1975) asked 
 elementary school teachers to make a few simple changes in the way they 
teach, all of them based on operant learning principles. The changes included 
moving about the room when students were doing seat work, deemphasizing 
reprimands and other forms of punishment, providing immediate feedback 
about performance whenever possible, and recognizing and praising students 
when they were on task. The principle results were a sharp reduction in disci-
pline problems and a sharp increase in the rate of academic learning. Testing 
showed that the students, who ranged in ability from slow learners to gifted, 
advanced at the usual rate in spelling, at nearly double the normal rate in 
mathematics, and at more than twice the usual rate in reading. In addition to 
these changes, both students and teachers enjoyed their time together more.
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Figure 8-3 Recognition and on-task behavior. On-task behavior increased when the 
teacher praised students for being on task (intervention) and decreased when he stopped 
doing so. (Compiled from data in McNamara, 1987.)
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Morningside Academy in Seattle, Washington, provides yet another ex-
ample. Morningside caters to students who have fallen behind in other 
schools. Kent Johnson and T. V. Joe Layng (1992) report that their typical stu-
dent scores two or more years below grade level in reading and math when ad-
mitted. Yet these students, who have fallen further behind each year in their 
regular schools, advance two academic years in one school year. Such results 
require an educational program with a number of features, but reinforcement 
in the form of feedback and praise for good work is a key element. Morning-
side offers to return the cost of tuition to the parents of any student who fails 
to advance at least two years in reading and math in one school year. The 
school has made that offer for over 20 years but has never had to repay any 
tuition. 

Probably no classroom instructional approach has been developed that is 
more effective than an expert tutor, but individualized instruction was 
imprac tical except for the wealthy. Then B. F. Skinner (1958) built the fi rst 
teaching machines. The machines were mechanical (there were no desktop 
computers at the time) but could be used with a number of instructional pro-
grams. Each program consisted of a number of “frames,” short presentations 
of information followed by questions for the student to answer.

For example, in learning to spell the word manufacture, the student read a 
defi nition and a sentence that used the word and then copied the word. The 
next two frames provided a little information about the word’s origin and 
asked the student to copy part of the word. The fourth and fi fth frames showed 
the word with some missing letters and asked the student to fi ll them in. Fi-
nally, in the sixth frame, the student wrote the entire word. Each time the 
student completed a frame correctly, he was able to go on to the next frame. 
The opportunity to move on was the only reinforcer he received. If the stu-
dent made a mistake, he was given the task again, but the tasks of each frame 
were easy enough so that most students made few mistakes.
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Figure 8-4 Tennis skills and feedback. Percentage of correct executions of tennis serves 
when the coach criticized faulty performance (baseline) and when the coach praised and 
recognized correct or nearly correct performance. Results for forehand and backhand 
were similar. (Compiled from data in Buzas & Ayllon, 1981.)
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The student progressed through the frames, going on to more and more 
difficult material. Critics of Skinner often dismiss his programs as rote learn-
ing, but in fact they did the same kinds of things any good tutor would do. 

 Query 3: In Skinner’s teaching machines, the reinforcer for correct answers was 

 .

Skinner’s teaching machines never really caught on, but they have been re-
invented thanks to the development of desktop computers and are now gaining 
in popularity. For instance, Joe Layng and his colleagues at Headsprout, a 
 company in Seattle, Washington, developed an Internet-based instructional 
program designed to teach preschoolers and kindergarten children to read. 
Headsprout Reading consists of 80 lessons, each requiring the child to make 
over 180 responses. Each lesson focuses on one particular skill. For example, in 
an early lesson the child hears a sound and is asked to identify which of various 
letters makes that sound. When the child gives her answer, she gets immediate 
feedback about her choice and then is asked a similar question. The child ad-
vances to the next skill only after she answers correctly on fi ve consecutive 
trials. Each lesson takes most children about 20 minutes to complete.

In developing the lessons, the researchers repeatedly modifi ed them, based 
on the performance of the students, until 90% of children were successful 
90% of the time. This means most children experience a very high success 
rate. As a result, there is little failure, little frustration, and very steady prog-
ress. Steady progress is usually powerfully reinforcing. 

 Query 4:  The Headsprout reading program was designed so that most students will be 

 most of the time.

The results, as measured by standardized achievement tests in reading, 
are impressive. Layng and colleagues (2003) report that eight children who 
had been through the program and were about to enter kindergarten obtained 
an average grade-equivalency score of 1.6 in reading on the Iowa Test of Basic 
Skills. Eight children who completed the program and were about to start fi rst 
grade had an average grade-equivalent score of 2.3. 

Reviews at HomeschoolReviews.com suggest that most parents who have 
used the program give it high marks. Even some children with developmental 
disorders seem to do well. The mother of a boy with dyslexia and attention 
defi cit hyperactivity disorder wrote, for example, “We tried 5 different reading 
programs. None held his attention long enough to do any good. . . . This pro-
gram is so engaging for him even with his attention difficulties.” The kids 
also seem to enjoy the program and are sad when it comes to an end. 

Headsprout is an instructional program that makes the most of modern 
technology, but at heart it is based on basic operant learning principles, per-
haps the most important of which are shaping and positive reinforcement. It 
is now absolutely clear that by applying such principles, school can be a place 
where students learn a great deal and have fun doing it. Today we laugh at 
cartoons about the idea that school is a place where students are frustrated, 
fail, and get into mischief. One day, we may wonder why we thought those 
cartoons were funny.
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Self-Injurious Behavior
Children with developmental disorders such as autism and mental retarda-
tion sometimes seem bent on self-destruction. Some of these children will re-
peatedly bang their heads on the edge of a table or cabinet, sometimes causing 
retinal detachment or brain damage. They have been known to blind them-
selves by repeatedly poking themselves in the eye with a fi nger or fi st. Some 
have chewed their fl esh down to the bone or chewed off fi ngers. 

Not so very long ago, such behavior was considered involuntary, the di-
rect result of the same brain disorder that caused the child’s autism or retar-
dation. The problem was dealt with by putting the child in restraints. This 
might take the form of a straitjacket or straps that fastened the hands to the 
sides. Sometimes patients were tied to their bed, spread-eagled, so they could 
not hurt themselves. This practice is far less common today thanks to the de-
velopment of effective treatments based on operant learning. Those treat-
ments are available largely because of research in the 1960s. 

One day Ivar Lovaas at UCLA was working with an autistic boy. During 
the session the phone rang, and as Lovaas was talking on the phone, the boy 
began banging his head against the wall. The noise was annoying, and Lovaas 
absentmindedly reached over and slapped the child on the buttocks. At fi rst 
he was horrifi ed at his action—a therapist hitting a patient was unthinkable!—
but then Lovaas noticed that something important had happened: The boy 
momentarily stopped banging his head. In that instance, Lovaas knew that 
the self-injurious behavior could be affected by its consequences.4

Lovaas had been trained in traditional psychodynamic therapy, but after 
this experience he began experimenting with punishment. He found that a 
painful but completely harmless consequence could quickly suppress long-
standing injurious behavior. In one study, Lovaas and J. Q. Simmons (1969) 
worked with a boy who hit himself as many as 300 times in a ten-minute pe-
riod. (That is one blow every two seconds!) This behavior ended abruptly when 
the experimenters provided a painful but noninjurious electric shock to the 
boy’s leg when he hit himself. Incredibly, a single shock practically ended the 
self-injurious behavior. After a total of only four contingent shocks, the 
self-injurious behavior stopped. An extremely high rate of self-injurious be-
havior had been stopped with just a few harmless (though not painless) shocks 
to the leg.

 Query 5:  Once self-injurious behavior was thought to be due to an unconscious need 

to suffer, but if that were the case, the shocks given by Lovaas and Simmons 

would have  self-injurious acts.

Other experiments demonstrated that long-standing self- injurious behav-
ior in children with developmental disorders could be ended or greatly  reduced 
in short order with punishment. The aversives used were painful but not inju-
rious. And the ability to end self-injurious behavior meant that other thera-
peutic efforts could move forward. Still, no therapist liked the idea of using 
physical punishment with children, so a good deal of attention went into 

4Lovaas talked about this experience years later in an interview (Chance, 1974).
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developing alternative treatments. Could reinforcement, for example, some-
how reduce self-injurious behavior?

Research showed that it could.5 Hughes Tarpley and Stephen Schroeder 
(1979), for example, found that differential reinforcement of incompatible be-
havior (DRI; see Chapter 7) can reduce self-injurious behavior. In one case, 
they periodically provided food to an 8-year-old boy if he played steadily with 
a ball. Playing with a ball is incompatible with hitting yourself in the face—if 
you are doing one, it is difficult or impossible to do the other. Within 40 min-
utes, the rate of face punching fell by over 90%. This was accomplished with-
out punishment of any sort. 

Reinforcement procedures such as DRI have proved so successful in con-
trolling self-injurious behavior that aversives are now generally used only 
rarely and then only after reinforcement procedures have failed. And because 
self-injurious behavior and other kinds of behavior that interfere with normal 
development are now usually eliminated quickly with reinforcement, the 
children are able to benefi t from efforts to improve their social and academic 
skills. The result has been that many children, who not so long ago would 
have spent their lives in restraint in institutions, are now able to go to school 
and lead fairly normal lives (Lovaas, 1987, 1993).6

The efforts to treat self-injurious behavior in children with developmental 
disorders has had other benefi ts, including providing more effective treatment 
of other kinds of behavior problems. For example, children sometimes injure 
themselves to obtain a reward or escape an unpleasant task. A child may, for 
example, hold his breath or slap his head to get attention (positive reinforce-
ment), or he may have a tantrum to avoid eating brussels sprouts or avoid tak-
ing a bath (negative reinforcement). Most of the time these episodes do no 
harm, but there are exceptions. 

Edward Carr and Jack McDowell (1980) describe one such case in a nor-
mal, generally healthy 10-year-old boy. Jim began scratching following expo-
sure to poison oak. The dermatitis cleared up after a few weeks, but Jim con-
tinued to scratch for three years. When Carr and McDowell fi nally saw Jim 
for treatment, his skin was covered with scars and sores, and he was the ob-
ject of ridicule among his peers. Nearly all the scratching occurred at home 
and seemed to be maintained by parental attention. When Jim’s parents saw 
him scratching, they would often make comments about it (“Jim, stop scratch-
ing”) or attempt to restrain his hands. To be sure that attention was acting as 
a reinforcer, Carr and McDowell had the parents systematically withhold or 
provide attention for scratching. The results clearly showed that scratching 
depended on attention (see Figure 8-5).

Jim’s scratching might have been treated by having the parents simply ig-
nore scratching entirely—that is, by putting the behavior on extinction. Un-
fortunately, the scratching so annoyed the boy’s parents that they were unable 
to ignore it for long. 

5For a discussion of these, see Foxx (2001).
6Some traditional psychodynamic (e.g., Freudian) therapists claim that any problem behavior 
eliminated with learning procedures will be replaced by a new problem, an idea called symp-
tom substitution. There is no scientifi c support for symptom substitution, and the American 
Psychiatric Association (1973) dismissed it long ago. (See also: Baker, 1969; Cahoon, 1968; My-
ers & Thyer, 1994; Yates, 1958). Nevertheless, the myth of symptom substitution persists.
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Carr and McDowell recommended a combination of punishment and pos-
itive reinforcement. Punishment came in the form of time-out from positive 
reinforcement: Each time the parents saw Jim scratch, they were to send him 
to a small, rather uninteresting room for several minutes. In other words, he 
was to be deprived of reinforcing activities whenever he scratched. Reinforce-
ment came in the form of weekly rewards, such as a trip to a museum or a 
skating rink. Because it would be impossible to monitor Jim’s scratching all 
the time, Jim earned rewards by reducing the number of sores on his body. 
This treatment resulted in a sharp reduction in the number of sores (see Fig-
ure 8-6). By the end of the study, Jim had only two sores, and these were 
almost completely healed.

Image not available due to copyright restrictions

Image not available due to copyright restrictions
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Self-injurious behavior, once a potentially serious problem in normal chil-
dren and an absolute nightmare for some children with developmental disor-
ders, is now, thanks to operant procedures, usually eliminated in quick order.

 REVIEW Self-injurious behavior can be a very serious, even life-threatening, problem. For 
many years there were no effective treatments for the worst cases, which typi-
cally occurred in mentally retarded or psychotic people. Today, however, it is 
often treated very successfully, usually without aversives, thanks to proce-
dures based on operant learning. 

Self-Control
The term self-control refers to the tendency to do things now that affect our 
later behavior. Usually, we exert self-control when we do something that is in 
our own long-term interests. When a person drinks in moderation, turns down 
a second helping of dessert, studies for a test rather than chatting with friends, 
or gives up smoking, we say the person has good self-control. 

Each of these, and most other self-control situations, involves a choice. 
Often the choice is between engaging or not engaging in an activity that has 
positive consequences now but negative consequences later. The partygoer 
may drink a lot of alcohol now but at the cost of waking up with a hangover 
later. The diner can have a second helping of dessert now but will feel bloated 
afterward. The student can hang out with friends now, but he will do less well 
on a test tomorrow. In these examples, a behavior has immediate positive con-
sequences but delayed negative consequences. In some cases, the behavior has 
immediate negative consequences but positive delayed consequences. To re-
duce the risks of cancer and other health problems later, the smoker must go 
through the discomfort of withdrawal. Thus, to have self-control means to 
choose wisely, which usually means to choose to do things that are in our 
best long-term interests. 

Laboratory studies of self-control also present choices. A child might be 
told that she can have a small treat (perhaps a spoonful of ice cream) now, or 
she can have a large treat (a bowl of ice cream) later. Or a college student might 
be asked to perform a task and offered an immediate payment of $5, or $20 to 
be paid in one week. The choices made refl ect the complex interaction of the 
nature of the reinforcers and the amount of delay for each (Rachlin, 2000). 

Some people show self-control even when there are strong inducements to 
choose unwisely. Usually those who have good self-control are said to owe it 
to some inborn quality called willpower, discipline, or strength of character. 
But such explanations are circular: We say a person rejects dessert because he 
has willpower, and we say he has willpower because he rejects dessert. Will-
power, discipline, and strength of character are merely names we give to be-
having sensibly in situations in which people often behave foolishly. The 
terms do not explain the behavior; they just name it.

 Query 6:  Willpower is a circular explanation of behavior because the evidence for will-

power is .
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But if this is so, why do some people act in their own best interest while 
others do not? Why do some people elect to study rather than chat, to go to the 
dentist rather than to the park? And why can some people who smoke, eat too 
much, or bite their fi ngernails break these habits?

The answer has to do, in part, with the use of certain self-control tech-
niques. One such technique has been called physical restraint. This means 
doing something that physically prevents a behavior from occurring. The 
story of Ulysses and the sirens provides an example: Sailors who attempted to 
pass by the sirens were drawn onto the rocks by the sirens’ song. Ulysses 
wanted to hear the sirens, but he also wanted to avoid disaster, so he had him-
self tied to the mast and then ordered his crew to stuff wax into their ears. In 
this way he prevented his men and himself from being led astray.

You use a more common example of restraint when you clap a hand over 
your mouth to keep yourself from laughing aloud when laughing would be in-
appropriate. The expression “bite your tongue” suggests an effective way of 
preventing ourselves from saying something we might later regret. Similarly, 
the fi ngernail biter may wrap her fi ngertips with adhesive tape to prevent nail 
biting. People use physical restraint when they lock liquor away in a cupboard 
and give someone else the key; give their cigarettes to a roommate with in-
structions to provide them with only three cigarettes a day; or cut up their 
credit cards to prevent themselves from making purchases beyond their 
budget. 

Another technique is called distancing. Most troublesome behaviors are 
more likely to occur in certain situations than in others. One way to avoid en-
gaging in undesirable behavior is to keep our distance from situations in 
which that behavior is likely to occur. The boy with a chip on his shoulder 
may avoid getting into a fi ght by walking away from his tormentor. The 
smoker can eat in the nonsmoking section of restaurants and avoid her smok-
ing friends when they are likely to smoke. Some unsuccessful dieters keep a 
bowl of candy on their desk, insisting that they should be able to resist the 
temptation. The truth is that one way of resisting temptation is to keep it at a 
distance.

A similar technique is called distraction. At a dinner party, a person who 
is annoyed by the comments of the person on his left may prevent himself 
from making an angry outburst by changing the topic of conversation or by 
starting a conversation with the person on his right. Faced with temptation, 
we can often distract ourselves by reading a book, watching a fi lm, or partici-
pating in sports.

Skinner (1953) suggests making use of satiation. A person who wants to 
eat lightly at a dinner (perhaps so as not to become preoccupied with eating 
and neglect conversation with her host) may eat a small meal beforehand, 
thus partially satiating on food. Another example is to do your grocery shop-
ping after eating a meal, rather than before it. If you are hungry when you 
shop, you are likely to buy more food, and less healthy food—food which you 
are likely to eat later.

Another commonly recommended self-control technique is monitoring 
behavior. A person who is annoyed by his tendency to think self-denigrating 
thoughts may get control of the thoughts merely by tabulating their occur-
rence. This can be done by carrying a wrist counter such as those golfers use 
to keep score or by making hash marks on a three-by-fi ve card. Each day’s 
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tally is transferred to a frequency graph. Merely monitoring behavior in this 
way often results in desired changes in its frequency.

Another technique is to inform others of your goals. The person who 
would like to stop smoking or eat more sensibly is more likely to be success-
ful if she makes those intentions public. This is because the people around us 
inevitably behave in ways that help or hinder our efforts to change. Friends 
and acquaintances are, for example, important sources of reinforcement. If 
they know we are trying to lose weight, they may praise our efforts and com-
pliment our appearance as the pounds fall away. If they know we have given 
up cigarettes, the nonsmokers among them may spend more time with us, 
and even the smokers may admire our effort.

Involving others in our efforts to change may not sound very much like 
self-control, but self-control means changing our environment in ways that 
make the desired behavior more likely to occur. The people with whom we in-
teract on a daily basis are an important part of that environment. By inform-
ing them of our goals, we may change their behavior in ways that affect our 
behavior for the better.

 Query 7:  Name three self-control techniques.

These and other self-control techniques are described in a number of 
sources (e.g., Epstein, 1996; Goldiamond, 1965; Logue, 1998; Martin & Os-
borne, 1989; Skinner, 1953; Watson & Tharp, 1989). Anyone can adopt them 
and get better control over his or her own behavior, yet many people do not do 
so. The use of self-control techniques is itself behavior that is established and 
maintained by its consequences. In other words, the use of self-control tech-
niques is learned.

We can see this most clearly in research on children. Given a choice be-
tween receiving a small prize immediately and a bigger prize later, young 
children typically opt for the immediate reward, whereas older children will 
wait for the bigger one (Bandura & Mischel, 1965; Ito & Nakamura, 1998). 
With time, children learn to distract themselves and use other techniques to 
make better choices (Patterson & Mischel, 1976). Research also shows that in-
struction in self-control procedures can increase their use. In one study, James 
Larson and colleagues (1998) found that aggressive adolescent boys could be 
taught to use self-control techniques to reduce their disruptive behavior. Peo-
ple who do not have good self-control do not lack willpower or character; they 
lack instruction.

The natural science approach to behavior, with its underlying assumption 
that all behavior is the product of some combination of environmental and 
biological variables, sometimes strikes students as a depressing view of hu-
man nature. But the study of self-control teaches us that determinism is not 
the same thing as fatalism (Epstein, 1997). An understanding of the ways that 
behavior is infl uenced by events improves our ability to control our own be-
havior, turning us not into automatons but into autonomous human beings. 

 REVIEW The tendency to make wise choices varies with the reinforcers available for dif-
ferent behaviors and with the delay in delivery of reinforcers. We say that a 
person has good self-control when that person chooses wisely even when there 
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are reinforcers for choosing unwisely. People can learn to exert self-control in 
such situations by practices such as physical restraint, distancing, distracting, 
and monitoring behavior, among others. 

Delusions
Delusions are false beliefs such as “Everyone is out to get me” or “There are 
little green men inside my stomach.” Delusions can and often do have an or-
ganic basis: Schizophrenia, syphilis, Alzheimer disease, traumatic brain in-
jury, and other disorders can induce them. But delusions can occur in people 
without any sort of disease. And even when an organic disorder exists, the fre-
quency of delusions and other forms of bizarre behavior may be a function of 
reinforcement. In fact, operant procedures have been put to good use in the 
treatment of delusions and other bizarre behavior.

Joe Layng and Paul Andronis (1984) provide the example of a psychiatric 
patient who complained that her head was falling off. She seemed quite fright-
ened, so a member of the staff sat with her to calm her down. The delusion got 
worse. A discussion with the patient led to the discovery that she found it 
very difficult to engage the staff in conversation. Sometimes when she ap-
proached them, they responded with obvious annoyance. Her delusional be-
havior produced the desired effect (interaction with the staff) without the risk 
of hostile reactions. In other words, the delusion was reinforced. Once the 
woman learned how to approach the staff without incurring hostile reactions, 
the delusion disappeared, and her head remained securely attached.

Layng and Andronis also describe the case of a middle-aged man admitted 
to a locked hospital ward after he tried to pull a pair of clothesline poles out of 
the ground in his backyard. He shouted that the poles were blasphemous stat-
ues of the cross and that Jesus had told him to tear them down. It turned out 
the man’s efforts to involve his wife in his demanding business problems had 
been unsuccessful; she showed concern only when he behaved strangely. In 
other words, she inadvertently shaped increasingly pathological behavior un-
til he fi nally behaved so bizarrely that he was hospitalized. When she learned 
to show concern for her husband’s business problems instead of his bizarre be-
havior, his symptoms began to subside.

Another example is provided by Brad Alford (1986). He worked with a 
young schizophrenic patient in a psychiatric hospital. The man was greatly 
helped by medication but continued to complain that a “haggly old witch” 
followed him about.

Alford asked the patient to keep a record of his feeling that he was being 
followed. The patient also indicated the strength of his belief, from 0 (cer-
tainty that the belief was just his imagination) to 100 (certainty that there re-
ally was a witch). During the treatment phases, Alford reinforced expressions 
of doubt about the witch. The result was that the patient’s reported confi -
dence in the delusion declined (see Figure 8-7).

One could argue, of course, that the patient believed in the witch as much 
as ever and merely learned not to admit it. To test this idea, Alford looked at 
the medication the patient received before and during the study. He found 
that the man received one kind of medication, a tranquilizer, only when he 
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seemed agitated. If the patient remained convinced that the witch was real, 
then tranquilizer consumption should have remained constant. In fact, how-
ever, use of tranquilizers declined sharply.

 Query 8:  Alford’s research demonstrates that  behavior can be 

modifi ed by reinforcement.

These fi ndings do not mean that psychotic behavior is entirely the product 
of learning; diseases of the brain, such as Alzheimer and schizophrenia, do 
produce bizarre behavior. However, even when delusions or other abnormal be-
havior arises from an organic disease, it may be modifi ed by its consequences. 

One objection to the operant interpretation of psychotic behavior is that 
such behavior often occurs even when it is not reinforced. Goldiamond (1975a) 
describes a woman virtually paralyzed by fear of cockroaches. She remained 
in bed, too afraid to move about. Her husband was sympathetic and gave her 
the attention she had generally been denied. This attention was apparently 
the reinforcer that maintained her phobic behavior. But there seems to be a 
problem with this explanation because the woman stayed in bed even when 
her husband was not around to provide reinforcement. Why?

Goldiamond suggests that the answer is simple. If a person behaves bi-
zarrely only when reinforcement for bizarre behavior is available, people catch 
on. And once they understand that the behavior is a way of obtaining rein-
forcers, they often stop providing those reinforcers. Bizarre behavior must 
therefore occur not only when reinforcement is available, but also at times 
when reinforcement is unavailable. “In other words,” write Layng and Andro-
nis (1984), “the apparent absence of maintaining consequences or the pres-
ence of aversive consequences on some occasions, may be requirements that 
must be met for reinforcement to be available on other occasions” (p. 142). 
The idea is familiar to every person who, as a child, got out of going to school 

Image not available due to copyright restrictions
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by feigning illness: For the ruse to work, you had to pretend to be sick even 
when Mom was not in the room. If you cheered with joy at being allowed to 
stay home, you were likely to be sent to school! This helps to explain why 
many children who are apparently at death’s door at 7 a.m. are completing re-
covered by noon, at which time, coincidentally, there is little likelihood that 
they will be taken to school.

 REVIEW  The traditional approach to delusions assumes that disordered thoughts refl ect a 
disordered inner world. The traditional clinician therefore attempts to under-
stand this private world, often by inviting the patient to describe it in great 
depth, an ineffective treatment. But an analysis in terms of learning suggests 
that delusions often refl ect a disordered environment. This means that the 
clinician must understand and modify the patient’s  surroundings. This ap-
proach often produces a reduction in delusional thinking.

Self-Awareness
To be self-aware is to observe one’s own behavior.7 “I was angry” means “I ob-
served myself behaving in ways commonly identifi ed as anger.” A more scru-
pulous self-observer might say, “I noticed that my voice trembled, my face 
and neck felt warm, I clenched my teeth, made fi sts with my hands, felt my 
heart beat fast, and cursed silently.”

When we say, “I think I’ll quit school,” we are really saying, “I have ob-
served myself behaving in ways that suggest I will quit school.” Saying “I 
think I’ll quit school“ is not, in any fundamental way, different from saying 
“I think Joe will quit school.” The events that lead to either observation will 
be nearly identical: negative statements about school, failure to attend classes, 
poor grades, unsuccessful efforts to make friends or join social clubs or ath-
letic teams, and so on. In other words, we make observations about our own 
behavior that are essentially the same as the observations we make about oth-
ers. Of course, when we observe ourselves, we can note forms of behavior—
such as thoughts—that we cannot readily observe in others.

 Query 9:  To be self-aware is to   .

It is easy to see why we observe the behavior of others: Doing so is rein-
forced. We may notice that Mary is “in a good mood,” and our efforts to en-
gage her in conversation on such occasions are followed by pleasant exchanges. 
Or we may notice that Mary is “in a foul mood,” and this allows us to avoid 
the unpleasant exchanges that are likely to follow an encounter. 

We observe our own behavior for the same reason: Doing so is re inforced. 
If we are able to detect from our own behavior that we are in the early stages 
of fl u, we may speed our recovery by getting additional rest before the symp-
toms hit with full force. Similarly, if we notice that we are “in a bad mood,” 
then we may avoid an unpleasant argument by postponing a meeting to dis-

7This discussion of self-awareness relies heavily on Skinner’s analysis of the subject in Science 
and Human Behavior (1953).
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cuss wedding plans with our future in-laws. When we observe our behavior 
carefully, we can better predict what we will do, just as we can predict the be-
havior of a close friend. Self-awareness allows us to behave more effectively.

It was once thought that such self-knowledge was available only to hu-
mans. Two prominent psychologists not so long ago wrote in a psychology 
textbook that “one of man’s unique distinctions, setting him off most sharply 
from other animals, may be just this extraordinary capacity to look at him-
self” (Krech & Crutchfi eld, 1961, p. 202). When faced with their refl ection in a 
mirror, birds will repeatedly attack the intruder; dogs and cats will sniff at 
the mirror and try to get around behind it but soon lose interest, while recent 
research has shown that primates and some other animals may be capable of 
at least a rudimentary form of self-awareness.

Gordon Gallup (1970, 1979) was apparently the fi rst to provide experimen-
tal evidence of self-awareness in an animal other than humans. In his fi rst 
study (Gallup, 1970), he exposed chimpanzees to a full-length mirror for sev-
eral days. Initially, the animals responded to their refl ection as if to another 
animal, but these social behaviors were gradually replaced by self-directed be-
havior. Increasingly, the animals used the mirrors to groom parts of their bod-
ies they could not otherwise see, to pick food from between their teeth, to 
look at themselves as they made faces or blew bubbles, and so on. After this, 
Gallup anesthetized the animals and dabbed them with an odorless red dye 
on one eyebrow ridge and the upper part of one ear. On recovering from anes-
thesia, the animals were observed for 30 minutes with the mirror removed 
and then for 30 minutes with the mirror present.8 The chimps made almost 
no effort to touch the dyed parts of their bodies when there was no mirror but 
made from four to ten efforts with the mirror present. Sometimes the animals 
would look in the mirror, touch the dye with their fi ngers, and then examine 
their fi ngers closely. When chimps that had not had experience with mirrors 
were anesthetized and marked, they did not touch the dyed spots and showed 
no signs of using the mirror to inspect themselves. Gallup concluded that “in-
sofar as self-recognition of one’s mirror image implies a concept of self, these 
data would seem to qualify as the fi rst experimental demonstration of self-
concept in a subhuman form” (p. 87).

Robert Epstein and others (Epstein, Lanza, & Skinner, 1981) found that 
even the pigeon is capable of showing evidence of self-awareness. These re-
searchers fi rst trained pigeons to peck dots on their own bodies, then to peck 
a wall after seeing a dot fl ashed there, and then to peck the wall after seeing 
the fl ashing dot refl ected in a mirror. After this, the researchers put a blue dot 
on each bird’s breast beneath a bib. The bib prevented the bird from seeing the 
dot directly, but it could see the dot refl ected in a mirror. Each bird was tested 
fi rst with the mirror covered; none of the animals tried to peck the blue dot. 
Next, the birds were tested with the mirror uncovered, and each of them soon 
began pecking at a spot on the bib corresponding to the dot on its breast.

Whether chimpanzees and pigeons really are self-aware in the same sense 
as humans is a matter for conjecture. These studies demonstrate that animals 
can become careful observers of their own bodies, but they do not demon-
strate that animals observe their own moods and thoughts and other private 

8Anesthetizing the animals was important because dabbing them with dye while they were 
awake could have induced them to touch the affected area.
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behavior the way humans do. But the experiments do offer support for the no-
tion that self-awareness “can be accounted for in terms of an environmental 
history” (Epstein et al., 1981, p. 696). In other words, self-awareness is learned.

Humans learn to observe themselves not so much from mirrors as from 
other people (Cooley, 1902; Mead, 1934). Skinner (1953) notes that we teach a 
child to say “that itches,” “that tickles,” “that hurts,” when we observe be-
havior or events that typically accompany such experiences. For instance, 
scratching suggests itching, giggling when brushed with a feather suggests 
tickling, moans and tears suggest pain. By observing and commenting on be-
havior that suggests certain experiences, we teach the child to observe those 
private events.

Skinner also notes that we teach children to make comments on and pre-
dictions from self-observations. We do this, in part, by asking the child ques-
tions: What are you doing? What are you going to do? Why are you doing that? 
How do you feel? Are you in a good mood? Do you want to play? Are you 
sleepy?

Most people think of coma as deep sleep, but in long-term cases, patients often be-
have as though they are about to wake. They may open their eyes, turn their heads, 
move a hand. Often, they seem trapped in a foglike state somewhere between sleep 
and wakefulness. Operant learning may help some coma victims break through 
the fog.

Mary Boyle (Boyle & Greer, 1983) worked with three people who had been coma-
tose for at least six months. Each of the patients made some slight spontaneous move-
ments, such as squinting or moving the head from side to side. Boyle tried to increase 
the frequency of these acts by reinforcing them with music. First, she asked the patient 
to make some movement that he or she had been seen to make spontaneously. Then 
she encouraged the desired act by, for example, moving the patient’s head from side to 
side. After this, she repeatedly asked the patient to make that movement. Each time the 
patient complied with the request, Boyle played a short selection of the patient’s favor-
ite music. Training continued for two sessions a day, seven days a week, for four 
months.

There was nothing new about the idea of playing music for coma victims; what 
was new was making music contingent on the patient’s behavior. But coma victims 
are, by defi nition, not responsive to their environment. Would the procedure modify 
their behavior?

Results varied. The patient who had been in coma for the shortest period of time 
produced the best results: a clear increase in the likelihood of performing an act when 
asked to do so. Eventually, this patient came out of his coma. Did the reinforcement 
procedure have anything to do with the patient’s recovery? Boyle is cautious, but she 
thinks the answer is yes.

Perhaps reinforcement of spontaneous behavior will one day be part of the stan-
dard treatment for coma. Perhaps successively more wakeful behavior (e.g., opening 
the eyes, keeping the eyes open for longer periods, tracking moving objects with the 
eyes, and so on) could be reinforced. In essence, therapy would consist of reinforcing 
successive approximations of wakefulness. Awareness would be shaped.

The Shaping of Awareness
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These and countless other questions direct the child to observe and com-
ment on private experiences—that is, thoughts and feelings. When the obser-
vations are accurate, they are likely to be reinforced. At noon, we ask a child if 
she is hungry, and if she says yes, we provide food. If the child has accurately 
reported her private state (if she is correct in saying she is hungry), food will 
reinforce her observation. If the child says she is hungry when she is not, the 
food may not be reinforcing and may even be aversive if she is forced to eat it. 
By means of such experiences, the child learns to observe herself carefully.

 REVIEW  To be self-aware is to observe one’s own behavior, including thoughts and feel-
ings. Studies with animals suggest that we learn to observe ourselves, per-
haps mainly as a result of consequences provided by others, because doing so 
has reinforcing consequences.

Helplessness
Some years ago, Martin Seligman and his colleagues (Overmier & Seligman, 
1967; Seligman & Maier, 1967) were interested in the effects of Pavlovian fear 
conditioning on operant escape learning. In their experiments, they strapped 
a dog into a harness and paired a tone with shock. Then they put the dog into 
one side of a shuttle box, sounded the tone, and delivered a shock to the dog’s 
side of the box. 

Normally, when a dog is put into a shuttle box and shocked, it quickly 
jumps over the barrier to the shock-free compartment. Each time the dog re-
ceives a shock, it escapes over the hurdle more quickly. If shocks are preceded 
by a tone, the dog learns to jump the hurdle when the tone sounds and thereby 
avoids shock entirely. Seligman and his co-workers were interested in observ-
ing what effect the tone would have on escape learning after the tone had been 
paired with shock. For example, if the tone that sounded were already a CS for 
fear, might the dog jump the barrier and avoid shock on the very fi rst trial?

What actually happened astonished the researchers and the research com-
munity. Seligman (1975) writes that the

dog’s fi rst reactions to shock in the shuttle box were much the same as 
those of a naive dog: it ran around frantically for about thirty seconds. 
But then it stopped moving; to our surprise, it lay down and quietly 
whined. After one minute of this we turned the shock off; the dog had 
failed to cross the barrier and had not escaped from shock. On the next 
trial, the dog did it again; at fi rst it struggled a bit and then, after a few 
seconds, it seemed to give up and to accept the shock passively. On all 
succeeding trials, the dog failed to escape. (p. 22)

The degree of passivity in these dogs was impressive. Seligman removed 
the barrier from the shuttle box so that the dog need only walk to the other 
side, yet the dog remained where it was, passively enduring the shock. Then 
Seligman got into the safe side of the box and called to the dog; the dog made 
no effort to move. Then he put salami on the safe side of the box; the dog con-
tinued to lie there, enduring shock.

Seligman called this phenomenon learned helplessness because the ines-
capable shock seemed to teach the dogs to do nothing, to be helpless. Further 
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research demonstrated that it was not the prior exposure to shock, per se, that 
produced helplessness but the inescapability of the shock. Researchers have 
demonstrated helplessness repeatedly in other species, including fi sh (Padilla 
et al., 1970), rats (Maier, Albin, & Testa, 1973), cats (Masserman, 1943), possi-
bly the cockroach (Horridge, 1962), and people (Hiroto, 1974; Hiroto & Selig-
man, 1974).

 Query 10:  Exposure to  aversives leads to learned helplessness.

Seligman proposed that learned helplessness might help us understand 
depression, at least the kind of depression triggered by life events. Depression 
is characterized not only by sadness but by general inactivity. Depressed peo-
ple often stop going to school or work, spend a great deal of time lounging 
about or sleeping, and generally become passive. Faced with a problem, they 
often do nothing about it. Depressed people, like Seligman’s dogs, may refuse 
to take any steps to help themselves. Efforts to prod them into action with 
supportive statements (“Cheer up! There are other fi sh in the sea”) or advice 
(“You should leave the jerk if he treats you so meanly”) are usually ineffec-
tive. Like Seligman’s dogs, many depressed people simply endure their pain 
and do nothing.

If helplessness is learned, can learning experiences prevent helplessness? 
There is some evidence that they can. For instance, Seligman and Steven 
Maier (1967) gave one group of dogs ten escape trials in the shuttle box before 
exposing them to inescapable shock. When they tested these dogs in the shut-
tle box again, they readily jumped the hurdle.

Other research demonstrates that “immunization training” may produce 
amazing resilience in the face of adversity. For example, Joseph Volpicelli and 
others (1983) trained some rats to press levers to escape shock and exposed 
others to the same amount of inescapable shock. After this the researchers 
put the rats in a shuttle box. In this study, unlike those described above, shut-
tling from one side of the box to the other did not allow the rats to escape 
shock. The reason for this change in procedure was to see whether the ani-
mals would continue trying to escape shock even though their efforts did not 
pay off. The result was that rats that had been exposed to inescapable shock 
showed little inclination to shuttle, and their rate of shuttling declined fur-
ther with continued testing. Rats that had been able to escape shock by press-
ing a lever, however, behaved very differently. These rats shuttled at a con-
stant high rate, showing almost no decline over the course of 200 trials. After 
once learning to escape shocks, these rats refused to give up!

Robert Eisenberger, a social psychologist at the University of Delaware, 
has demonstrated much the same thing in people. He reasons that if people 
can learn to give up easily, they can also learn to be indefatigable. He and his 
colleagues (Eisenberger, 1992; Eisenberger & Cameron, 1996; Eisenberger, 
Masterson, & McDermott, 1982) have found that reinforcing a high level of ef-
fort and persistence increases the tendency to work hard at difficult tasks for 
a prolonged period. You could say that he trains people not to become discour-
aged. Eisenberger calls this learned industriousness. 

The difference between those who become discouraged easily and those 
who don’t know how to give up appears to be largely a matter of learning his-
tory. Experience (mainly our history of reinforcement) teaches us to quit or to 
strive, to roll over or fi ght on.
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 REVIEW Learned helplessness has given us a new way to look at the failure of some peo-
ple (previously dismissed as shiftless, lazy, or irresponsible) to deal effectively 
with life’s challenges. It may also help us understand how the Unsinkable 
Molly Browns among us become “unsinkable.” There is reason to believe that 
there are things we can do to immunize ourselves, and our children, against 
helplessness. 

Excessive Gambling
Some behavior problems are characterized by excessive performance of a par-
ticular kind of behavior. These disorders are often called compulsions or ad-
dictions. People are said to be compulsive eaters or Internet addicts, for exam-
ple. In most cases, the behavior is something that is enjoyed by many people 
and is considered perfectly normal when done in moderation. The behavior 
becomes a problem when it becomes excessive—that is, when it interferes 
with the person’s quality of life. 

When a person spends so much time in an activity that he neglects his 
personal hygiene, no longer takes an interest in his appearance, gets too little 
sleep, loses friendships, does a poor job at work, or ignores his family, then we 
can probably agree that his participation is excessive. Why do people partici-
pate in an activity to such an unreasonable degree? Let us consider the case of 
excessive gambling.

Slot machines, roulette wheels, and other forms of casino gambling are 
designed so that most of the time, people lose. The average return on $1 “in-
vested” in a slot machine, for example, is about 90%. That means that for ev-
ery $1 gambled, the person wins, on average, $.90. Why would anyone agree to 
give someone $1 in exchange for $.90?

Gamblers themselves often say that they gamble for the fun of winning. 
And there is evidence that gambling produces physiological changes associ-
ated with reinforcement (Krueger, Schedlowski, & Meyer, 2005). But this ex-
planation is unsatisfactory because, in the long run, gamblers lose. Most peo-
ple look for an explanation of gambling, especially compulsive gambling, in 
the gamblers themselves: They are morally weak, stupid, have a “gambling 
gene,” are depressed or anxious, or have masochistic impulses. One way or 
another, the theory goes, there is something about them that makes them be-
have as they do (Dixon, 2006). 

Another possibility is that the source of the problem is not in the gambler 
but in the gambler’s experience, in particular the schedule of reinforcement 
provided by games of chance (Skinner, 1953; Weatherly & Dannewitz, 2005). 
The payoff in most games of chance resembles variable ratio schedules of re-
inforcement, and such schedules can produce high rates of behavior that are 
very resistant to change (see Chapter 6). 

But many people gamble without getting hooked. Why do some become 
compulsive gamblers while others do not? The most likely explanation seems 
to be the momentary variations in schedules. The fact that a slot machine 
pays off on a given schedule, for example, does not mean that everyone play-
ing it has precisely the same experience. One person may have a series of 
three or four wins in his fi rst 20 tries, while another may win nothing. Or one 
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person may hit a small jackpot of $50 on her tenth bet, while the other wins 
no more than $2 in 50 tries. If both gamblers persist for a prolonged period, 
their fates are likely to be similar: They will lose money. Yet variations in the 
schedule, especially early on, may produce differences in the tendency to con-
tinue gambling. 

In an experiment with pigeons, Alan Christopher (1988) tested the effects 
of early wins on willingness to gamble. First, he trained two pigeons to obtain 
their daily food by pecking at an illuminated disk. Pecking at the disk paid off 
at a steady rate: Fifty pecks earned three seconds at a food tray. This schedule 
allowed the birds to maintain normal body weight by working only about a 
half hour a day.

Next Christopher gave the birds a choice between working and gambling. 
He illuminated a disk that, like a slot machine, paid off in an unpredictable 
way. But Christopher arranged things so that novice gamblers got “lucky”: 
During the fi rst three days, the pigeons could earn far more food by gambling 
than they could by working. And Christopher made sure that now and then 
the birds had a big win—up to 15 seconds at the food tray. After the third day, 
however, the birds were better off working than gambling. The question was, 
Would they go back to work, or were they hooked on gambling?

They were hooked. The birds pounded relentlessly at the less rewarding 
gambling disk, so much so that they began to lose weight. Christopher pre-
vented them from gambling for fear that they would starve themselves. 
 Unable to gamble, the birds went back to work and began gaining weight. 
Christopher provided the gambling disk again to see if the birds had learned 
their lesson.

They had not. Once again they gambled and began losing weight, so Chris-
topher ended the experiment.

In a group design experiment, Jeffrey Kassinove and Mitchell Schare (2001) 
looked at the effects of “near misses” and big wins on gambling persistence in 
college students. In their study, students gambled at a computerized version of 
a four-wheel slot machine. During the fi rst 50 trials, the slot machine had a 
win rate of 10% (on average, one in ten trials paid off) and a 90% return (over-
all, the player lost 10 cents on each dollar gambled). In addition, there were ad-
ditional near misses when the wheels turned up with all but the last having 
the same number (e.g., 3337). Half of the students also had a big win ($10) on 
trial 8. After the fi rst 50 trials, gambling went on an extinction schedule: no 
wins and a zero rate of return. The question was, Would the differences in 
near misses and big wins affect how long students continued to gamble dur-
ing extinction?

Near misses made a substantial difference. Students who had near misses 
on 30% of the fi rst 50 trials gambled much more during the extinction phase 
than those who had near misses on only 15% of trials. 

In contrast to the Christopher study, however, a big win made no differ-
ence in the gambling of college students. It may be that the big win was not 
big enough: Many of the students in this study came from rather wealthy 
families. 

Another variable in excessive gambling may be the availability of alterna-
tive reinforcers. Elderly people sometimes become excessive gamblers after 
their spouse dies. Suddenly alone, their children grown, their grandchildren 
living miles away, their ability to enjoy physical activities diminished by poor 
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health, gambling may be a source of excitement in an otherwise dreary exis-
tence. If Granny is spending ten hours a day playing bingo, it’s likely that she 
does not have a lot of other enjoyable options.

Other research provides additional evidence that excessive gambling can 
be accounted for by the history of reinforcement (Lyons & Ghezzi, 1991; Reid, 
1986; Strickland & Grote, 1967). It may be that a little good luck at the wrong 
time can turn anyone into a pigeon.

 Query 11:  The Kassinove and Schare study suggests that “near misses” can serve as 

  . 

Superstition
Hart Seely (2007) is a journalist and humor writer who freely admits to magi-
cal thinking. In a tongue-in-cheek article he explains how his behavior as a 
baseball fan helps win ball games:

As a child, I personally led the Yanks to several world championships. 
When the team needed help, I ran out back and pitched a tennis ball 
against the garage. I served up home runs to Mickie Mantle and blew fast 
balls past the hapless Willie Mays. The garage fell apart, but the Yankees 
always won.
 Unless they lost. That happened because my sister hid the ball, or I 
just didn’t concentrate hard enough. 

Mr. Seely’s behavior may seem more than a little strange, but if you are a sports 
fan you may have engaged in similar activities to infl uence the outcomes of 
sporting events. Mr. Seely would admit that his behavior is superstitious. 

Superstitious behavior is any behavior that occurs even though it does 
not produce its intended consequences. Many factors determine whether the 
Yankees defeat the Orioles, but whether someone throws tennis balls at a ga-
rage is not one of them. In most instances of reinforcement, the behavior 
causes the reinforcer to occur. But in the case of behavior such as Mr. Seely 
describes, there can be no connection between the behavior and the desired 
consequence. Why, then, does such behavior occur?

Many answers have been offered (see Shermer, 2002, Vyse, 2000). One that 
has some experimental support comes from B. F. Skinner (1948). He put a pi-
geon into an experimental chamber and modifi ed the feeding mechanism so 
that grain became available every 15 seconds, regardless of what the bird hap-
pened to be doing at the time. In other words, the reinforcer was not contin-
gent on any behavior. What Skinner wanted to know was, Would the delivery 
of food in this way affect the pigeon’s behavior? 

He found that six out of eight pigeons developed some clear-cut behavior: 
One bird turned in counterclockwise circles, another raised its head toward 
one of the corners of the cage, one pigeon bobbed its head up and down, two 
birds swung their heads to and fro, and the sixth pigeon made brushing move-
ments toward the fl oor, as if trying to peck it. The birds appeared to have 
learned to perform strange rituals, even though the reinforcer came regardless 
of whether the birds engaged in the behavior. Skinner called these acts super-
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stitious because the birds behaved as if their rituals produced reinforcement, 
when in fact they did not.

Skinner’s explanation of this phenomenon is quite simple. When the fi rst 
reinforcer arrived, the bird had to be doing something. If it happened to be 
bobbing its head up and down (something that pigeons are inclined to do oc-
casionally), then head bobbing was accidentally reinforced. This meant that 
head bobbing was likely to occur again, which meant it was still more likely 
to be reinforced, and so on.

 Query 12:  Superstitious behavior by defi nition does not produce   .

Superstitious behavior is not, of course, restricted to pigeons, but is super-
stition in people the result of coincidental reinforcement? John Donahoe and 
David Palmer (1994) offer anecdotal evidence that it is. A friend of theirs was 
unable to get his car started:

Knowing nothing about cars, and being in a hurry, he did what anyone 
else would do: He fi ddled and poked and pumped and jiggled every knob, 
wire, and pedal within reach. He fi nally started the car shortly after he 
had slammed the hood with particular vigor. Whether the slammed 
hood had any effect on the starting of the car is doubtful, but the coinci-
dence had a powerful effect on our friend: His fi rst response to a balky 
automobile, be it his own or anyone else’s, was to slam the hood, a be-
havior that took an annoyingly long time to extinguish. (p. 278) 

As noted earlier (see Chapter 2) anecdotes are not the best evidence, even 
when they come from respected scientists, but there is experimental evidence 
as well. Gregory Wagner and Edward Morris (1987) of the University of Kansas 
conducted a carefully designed study of superstitious behavior in children. 
They began by introducing preschool children to a mechanical clown named 
Bobo that periodically dispensed marbles from its mouth. Bobo spit out mar-
bles at fi xed intervals regardless of what the children did. The researchers told 
the children that “sometimes Bobo will give marbles” and that they should 
take any marbles Bobo might provide and put them in a box. When they had 
collected enough marbles, they would be able to trade them for a toy. The re-
searchers worked with one child at a time and, after explaining about the 
marbles and the toys, left the child alone with Bobo. They found that 7 of the 
12 children developed superstitions. Some children sucked their thumbs, 
some swung their hips back and forth, some touched Bobo or kissed him on 
the nose. 

In another study, Alfred Bruner and Samuel Revusky (1961) used adventi-
tious (coincidental) reinforcement to establish superstitious behavior in four 
high school students. Each student sat in front of four telegraph keys. If the 
student pressed the right key, a bell would sound, and a red light would go 
on. Each time this happened, the student would earn fi ve cents, which 
could be collected later. The solution consisted of depressing the third key 
from the student’s left, but this behavior was reinforced only if it occurred af-
ter an interval of several seconds. What happened was that the students began 
pressing the other keys during these periods of non reinforcement. Eventually, 
the nonreinforcement period would end, the student would happen to hit 
key 3 again, and this act would be reinforced. However, the key presses that 
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What would you do if, while camping miles from the nearest hospital, you were bitten 
by a poisonous snake? 

There seems to be no end of ideas about how to cure snakebite. Some advocate 
covering the wound with mud. Others believe the cure is to drink whiskey. Some think 
the answer is to fast, while others are convinced you need to kill and eat the snake that 
bit you. Some people believe it’s possible to save yourself by casting a spell. Others 
will scoff at that idea—and urge you to cauterize the wound with a red-hot knife. 

Why are there so many superstitious cures for snakebite? I believe the answer 
probably has to do with the fact that the victim is likely to survive no matter what you 
do. This means, of course, that whatever you do is likely to be reinforced. 

It has been reported that when poisonous snakes bite humans, only about half of 
the victims actually are injected with venom. This means that in half the cases of poi-
sonous snakebite, whatever treatment is tried will appear to be helpful. Additionally, 
many harmless snakes are commonly mistaken for poisonous ones. And even if the 
snake is poisonous and does inject venom, many victims will survive without any treat-
ment. All of which means that the odds are very good that no matter what steps a per-
son takes to treat snakebite, the person will probably survive—and the treatment ap-
plied, however useless, will be reinforced.

You cannot, of course, persuade the person who has “seen it work” that his par-
ticular cure is superstitious. So if you are ever out camping with friends and are bitten 
by a snake, don’t be surprised if someone shouts, “Quick! Get some mud!”

Quick! Get Some Mud!

immediately preceded hitting key 3 were also reinforced, even though they 
had nothing to do with making the bell sound and the light go on. Eventually, 
each student worked out a pattern of key presses, such as 1- 2- 3- 4-1- 2- 3. In-
terestingly, the experimenters report that none of the students suspected that 
any part of their behavior was superstitious. The students believed they had 
discovered the one correct formula for earning a nickel.

Koichi Ono (1987) of Komazawa University in Tokyo established supersti-
tion in university students. The students sat at a table with three levers. At 
the back of the table was a partition with a signal light and a counter that re-
corded points earned. Ono simply told the students they were to earn as many 
points as they could. In fact, nothing the student did had any effect on the ac-
cumulation of points. Periodically the light would go on and the counter 
would register one point—regardless of what the student did.

Most students developed superstitions. Analysis of the data revealed that 
each superstitious act began after it happened to be followed by delivery of a 
point. Most of the superstitions involved pulling the levers in some way, but 
coincidental reinforcement led one student to develop rather strange behavior 
having nothing to do with the levers. At one point, this student stopped pull-
ing the levers momentarily and happened to put her right hand on the lever 
frame. Ono writes:

This behavior was followed by a point delivery, after which she climbed 
on the table and put her right hand to the counter. Just as she did so, 
another point was delivered. Thereafter she began to touch many things 
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in turn, such as the signal light, the screen, a nail on the screen, and the 
wall. About 10 minutes later, a point was delivered just as she jumped to 
the fl oor, and touching was replaced by jumping. After fi ve jumps, a 
point was delivered when she jumped and touched the ceiling with her 
slipper in her hand. Jumping to touch the ceiling continued repeatedly 
and was followed by points until she stopped about 25 minutes into the 
session, perhaps because of fatigue. (p. 265)

Many human superstitions seem too complex to be attributed to adventi-
tious reinforcement alone. Many people sprinkle salt over their shoulders or 
carry good luck charms. In some societies, people have engaged in rain dances 
and human sacrifi ce. Richard Herrnstein (1966) proposes that if a person can 
be induced to perform a superstitious act (for example, if a parent gives a child 
a rabbit’s foot to carry “for good luck”), the behavior might be maintained by 
adventitious reinforcement. (See Neuringer, 1970, and Gleeson, Lattal, & Wil-
liams, 1989, for more on this.)

Not everyone is happy with the reinforcement theory of superstition. In 
studies with pigeons, John Staddon and Virginia Simmelhag (1971) and W. 
Timberlake and G. A. Lucas (1985) have failed to obtain the superstitious ritu-
als Skinner reported. They suggest that adventitious reinforcement merely in-
creases the rate at which naturally dominant behaviors, such as pecking and 
wing fl apping, occur (see the discussion in Staddon, 2001b). Other studies 
have, however, produced results similar to Skinner’s (e.g., Justice & Looney, 
1990). Moreover, there is the evidence that adventitious reinforcement has 
produced clearly superstitious behavior in people. Did Koichi Ono’s university 
student jump toward the ceiling because she had a natural tendency to jump? 

Superstitions can be harmful (e.g., some folk remedies do more harm than 
good), but they are usually fairly innocuous. As Stuart Vyse (1997) points out, 
Skinner’s pigeons risked little by turning in circles or engaging in other su-
perstitious acts. “There is a strong tendency,” Vyse writes, “to repeat any re-
sponse that is coincident with reinforcement. In the long run, this tendency 
serves the species well: If turning in a circle really does operate the feeder, the 
bird eats and survives another day; if not, little is lost” (p. 76). Humans also 
“turn in circles” when this behavior is coincidentally reinforced. Most of the 
time, little is lost. 

 REVIEW  When people or animals behave as if their behavior produced reinforcement, 
when in fact it does not, the behavior is superstitious. Evidence suggests that 
superstitious behavior is shaped and maintained at least partly by coinciden-
tal reinforcement. Some researchers question whether coincidental reinforce-
ment can shape new behaviors, and certainly coincidental reinforcement does 
not entirely account for all superstitions. But it seems clear that reinforce-
ment does play a role in superstition.

Insightful Problem Solving
Problem solving is an area shrouded in mystery. It is often spoken of in con-
junction with references to “the mysteries of mind” and is said to be one of 
those subjects that defy scientifi c analysis. Researchers who have approached 
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problem solving from the standpoint of operant learning have given the lie to 
that view.

A problem is a situation in which reinforcement is available, but the be-
havior necessary to produce it is not. Often, the necessary behavior is not cur-
rently in the person or animal’s repertoire. Consider Thorndike’s cats: To get 
out of the boxes, the cats had to do something they had never done before. 
Thorndike noticed that the cats solved the problem by scratching and pawing 
at things in the box until they happened to trigger the mechanism that opened 
the cage door. Thorndike said they learned to solve the problem through “trial 
and accidental success.”

 Query 13:  A problem is a situation in which  is available, but the 

behavior necessary to produce it is not. 

When people attempt to solve problems, they also often try one thing and 
then another, like Thorndike’s cats, until they hit on a solution. But there are 
said to be times when the solution appears suddenly, like Athena springing 
from the head of Zeus. In these instances, problems are said to be solved not 
by learning, but “by insight.” Jerome Bruner (1983), a major fi gure in the area 
of cognitive psychology, suggested that insight occurs without benefi t of 
learning. 

The best-known experiments on insightful problem solving are those de-
scribed in The Mentality of Apes by the German researcher Wolfgang Kohler 
(1927/1973). In one of the most famous experiments, Kohler gave a chimpan-
zee named Sultan two hollow bamboo rods. The end of one rod could be in-
serted into the end of the other to make one long rod. Outside Sultan’s cage 
lay a bit of fruit, just far enough from the bars that it could not be reached 
with either short stick alone. After an hour of unproductive work, Sultan sat 
down on a box and examined the sticks. His keeper wrote that

while doing this, it happens that (Sultan) fi nds himself holding one rod 
in either hand in such a way that they lie in a straight line; he pushes the 
thinner one a little way into the opening of the thicker, jumps up and is 
already on the run towards the railings . . . and begins to draw a banana 
towards him with the double stick. (p. 127)

Sultan, Kohler said, solved the problem through insight: Sitting there on the 
box, looking at the two sticks, he had a sudden fl ash of understanding. Such 
insightful problem solving, it was said, could not be accounted for by operant 
learning, because the correct solution appeared suddenly, without benefi t of 
reinforcement. But did it?

Some years after Kohler’s work, Louis Peckstein and Forrest Brown (1939) 
performed experiments similar to Kohler’s and found no evidence of solutions 
emerging suddenly without benefi t of reinforcement. In a replication of 
Kohler’s two-stick problem, for example, they found that it took a chimpan-
zee 11 trials over a period of four days to learn to put two sticks together to 
retrieve food. Their chimpanzee fi rst learned to retrieve food with a single 
stick and then learned to combine two sticks while playing with them. It then 
gradually learned to use the combined sticks to retrieve food. 

Other experiments have added doubts about the apparent suddenness of 
insight into problems. The invention of the uranium centrifuge, the device 
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used to collect the U-235 isotope required for nuclear power plants and bombs, 
was the result of a slow, gradual process. “There was,” as one writer observed, 
“no breakthrough, no eureka, no fl ash of insight” (Broad, 2004). Similarly, 
Darwin’s theory of evolution was not due to a sudden burst of insight. It was, 
instead, the product of a kind of slow evolution (Gruber, 1981; Weiner, 1994). 

Insights typically appear gradually over time and as the result of consider-
able effort. As Verlyn Klinkenborg (2005) observed concerning Darwin’s 
theory:

We can say, with Thomas Huxley, “How extremely stupid not to have 
thought of that!” But, of course, Darwin did not simply think of it. He 
prepared for years to be ready to think of it when he did. (p. A14).

A classic study by Harry Harlow (1949) illustrates the “evolution” of in-
sight. Harlow provided monkeys with a problem in which a bit of food could 
be found under one of two lids that varied in some way, such as color, size, or 
shape. In one series of trials, the prize would always be under the larger lid; in 
another series, it would always be under the square lid, and so on. Success on 
the fi rst trial of any series was necessarily a matter of chance; there was no 
way of telling which lid covered food on the fi rst trial. Success on the second 
and subsequent trials could be successful if the monkeys selected the same 
kind of lid that hid food on the fi rst trial. 

In any given series, the monkeys would slowly learn to pick the correct 
lid. Gradually, over many series of learning trials, their learning rate improved 
(see Figure 8-8). Eventually, they would get the second problem in a new series 
right about 90% of the time. This change emerged slowly, however, and was 
clearly the result of the animal’s reinforcement history. Harlow repeated the 
same experiment with children between the ages of two and seven and got 
the same result: no sudden burst of insight, but a gradual improvement in per-
formance due, apparently, to the reinforcement of correct choices. 

 Query 14:  Harlow’s data show that “insightful” solutions may be arrived at 

 as a result of a number of learning experiences.

Nevertheless, people and animals do sometimes solve problems suddenly. 
They may struggle unsuccessfully with a problem for some time and then 
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series increased gradually with training. (After Harlow, 1949.)
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abruptly produce a solution. If, however, the sudden appearance of a solution 
can be shown to be dependent on learning history, the notion that insightful 
problem solving is fundamentally different from operant learning is seriously 
challenged.

One of the most frequently cited demonstrations of insightful problem 
solving is Kohler’s suspended fruit problem. In this experiment, Kohler sus-
pended a banana or other piece of fruit from the ceiling of a cage and placed 
large boxes nearby. The chimpanzees under study attempted to reach the fruit 
by jumping, but the fruit was too high. Sultan 

soon relinquished this attempt, paced restlessly up and down, suddenly 
stood still in front of the box, seized it, tipped it hastily straight towards 
the objective, but began to climb on it at a (horizontal) distance of half a 
metre, and springing upwards with all his force, tore down the banana. 
(1927/1973, p. 40; see Figure 8-9).

In such instances of problem solving, the solution’s abrupt appearance is 
often said to be a spontaneous and inexplicable act of mind, not to be ac-
counted for in terms of the reinforcement of previous behavior. The claim is 
that such insight is different from the gradual selection of correct actions 
seen, for example, in Thorndike’s cats and Harlow’s monkeys. But is insight 
really independent of prior reinforcement? Unfortunately, Kohler’s records of 
the experiences of the animals prior to testing are spotty. In the case just cited, 
it is not clear what sort of experiences Sultan had with the use of boxes or the 
retrieval of fruit from high places. However, if the same sort of insight oc-
curred in animals with a particular reinforcement history, but not in animals 
that lacked that history, this would demonstrate that the insight was the re-
sult of those experiences, not of some mysterious hocus-pocus of the mind.

In a brilliant experiment, Robert Epstein and his colleagues (1984) taught 
pigeons (a) to push a small box toward a green spot that was placed at various 
points in the chamber and (b) to climb on a box that was already beneath a toy 
banana and peck the banana. In addition, each bird spent time with the ba-
nana until the bird neither jumped nor fl ew toward the banana. Once this was 
accomplished, the researchers hung the toy banana from the ceiling out of 
reach of the pigeon and placed the box elsewhere in the chamber. Note that 
the researchers did not train the bird to push the box toward the banana. In 

Figure 8-9 Insight in the chimpanzee. Kohler presented a chimp with a situation simi-
lar to that shown here: a bunch of bananas that were out of reach. See text for explana-
tion. (© Superstock)
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fact, the situation was quite similar to that confronted by Sultan. The bird’s 
behavior was also remarkably like that of the chimp:

It paced and looked perplexed, stretched toward the banana, glanced back 
and forth from box to banana and then energetically pushed the box 
toward it, looking up at it repeatedly as it did so, then stopped just short 
of it, climbed, and pecked. The solution appeared in about a minute for 
each of three birds. (Epstein, 1984, p. 48f; see Figure 8-10)

 Query 15:  Epstein’s experiment demonstrates that insightful problem solving is largely 

the product of   .

Note that, in this experiment, the solution appeared suddenly after a pe-
riod of “contemplation,” as is supposed to happen in insightful problem solv-
ing. The point is that this “sudden insight” depended on the previous rein-
forcement of the separate behaviors required for a solution. Birds that had 
been trained to climb the box and to peck the banana, but not to push the box, 
did not solve the problem. It would appear that achieving insight into a prob-
lem depends largely on past reinforcement of behavior related to the 
solution.9

One could still argue that the birds had solved the problem through some 
mysterious process (e.g., the workings of the avian unconscious); but it is more 
parsimonious to attribute the solution to the animal’s learning history. 

We humans are, of course, far better at solving problems than are other 
animals, but this does not mean that our reinforcement history is less impor-
tant. Indeed, our greater success may be largely due to our being more adept at 
learning from the consequences of our behavior. 

 REVIEW  Insight into problems, once thought to be an unfathomable phenomenon, is now 
understood to be the product of a particular learning history. Experiments 
suggest that the “sudden” appearance of insightful solutions is not so sudden 
and that the appearance depends directly on the individual’s history of 
reinforcement.

9For more on Epstein’s theory of insight, see Epstein (1999). To see one of Epstein’s pigeons solve 
the suspended fruit problem, go to http://www.youtube.com/watch?y=mDntbGRPeEU.

Image not available due to copyright restrictions

http://www.youtube.com/watch?y=mDntbGRPeEU


262  CH A P TER EIGHT

Creativity
If insightful problem solving has been shrouded in mystery, it is nothing com-
pared to that surrounding creativity. This realm of behavior is often said to 
defy scientifi c analysis. But is creativity really unfathomable?

Let us begin with a defi nition. Creativity has been defi ned in many ways, 
but one feature that is always mentioned is novelty. For a drawing, sculpture, 
story, invention, dance, idea, or anything else to be judged creative, it must be 
novel; that is, it must be relatively unlike other drawings, sculptures, stories, 
inventions, dances, or ideas.

Novelty is seldom sufficient, in and of itself, for a product to be judged 
creative. A 2-year-old child scribbling on the wall with a crayon may produce 
a composition unlike any the world has ever seen, but it is not likely to be 
called art. A biologist may theorize that plant life evolved out of animal life. 
That may be a novel idea, but it may not be embraced by other biologists. 
However, nothing (regardless of its merits) is judged creative unless it is differ-
ent from other products of its type. To be creative, then, means above all else 
to behave in original ways.

Where does original behavior come from? In ancient Greece, people be-
lieved that the muses (spirits that specialized in art, music, or literature) vis-
ited a person. If one wanted to write poetry, one waited for Erato, the muse of 
poetry; the poet was merely an instrument for Erato’s work. This theory is still 
expressed occasionally by people in the arts and even by some psychologists. 
Psychologists move the muse into the person, often lodging her in the “uncon-
scious mind” or in personality characteristics (e.g., Csikszentmihalyi, 1999). 

An analysis of creativity in terms of operant learning looks chiefl y to the 
history of reinforcement. The idea that reinforcement may lead to creativity 
may seem a logical absurdity. A reinforcer is, by defi nition, something that 
strengthens the behavior it follows. But the whole point of creativity is to get 
new forms of behavior, not old behavior. How is it possible to get new behav-
ior with reinforcement? A porpoise named Malia provides an answer.

 Query 16:  The idea of increasing creativity by means of rein forcement seems illogical 

at fi rst because reinforcement   .

In the 1960s, Karen Pryor (1991) was an animal trainer at the Ocean Sci-
ence Theater in Hawaii. The theater was a kind of aquarium at which people 
could watch porpoises and other sea animals perform tricks. One day Pryor 
and the other trainers realized that the show they put on for the public was 
getting stale. The animals were getting “a little too good, a little too slick, a 
little too polished” (p. 234). To liven things up a bit, the trainers decided to 
demonstrate how the animals were trained by waiting for Malia, one of their 
star performers, to do something and then reinforcing that behavior. The au-
dience would actually see learning take place as the reinforced behavior in-
creased rapidly in frequency. The plan worked extraordinarily well, and the 
trainers made it a regular part of the show. In the next few days, Malia re-
ceived reinforcement for all sorts of typical porpoise behavior: tail slapping, 
swimming upside down, rising out of the water, and so on. After only 14 
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shows, however, the trainers had a new problem: They were running out of 
behavior to reinforce.

Malia solved the problem for them. One day Malia “got up a good head of 
steam, rolled over on her back, stuck her tail in the air, and coasted about 15 
feet with her tail out” (p. 236). It was a delightful sight, and everyone, includ-
ing the trainers, roared with laughter. Malia received a fi sh and repeated the 
stunt a dozen times.

Pryor gradually realized that all a trainer had to do to get novel behavior 
was to reinforce novel behavior. Malia was soon producing novel behaviors on 
a regular basis; she had learned to be creative.

Pryor (Pryor, Haag, & O’Reilly, 1969) repeated the experiment in a more 
formal fashion with a porpoise named Hou. The new pupil was not as fast a 
learner as Malia had been, but Hou eventually produced four novel stunts in 
one training session. After this, Hou “came up with novelty after novelty, 
sinking head downwards, spitting water at the trainer, jumping upside down” 
(p. 242). By the thirteenth training session, Hou had produced a novel behav-
ior in six out of seven consecutive sessions. Note that Pryor did not decide be-
forehand what Hou should do, nor did she shape creative behavior; she simply 
reinforced any new behavior that appeared. 

Even some small-brained species can show remarkable creativity if origi-
nality is systematically reinforced. Pryor and her group (1969) reinforced novel 
behavior in pigeons. As a result, some of the birds engaged in such unusual 
behavior as lying on their backs, standing with both feet on one wing, and 
hovering two inches above the cage fl oor.

A number of studies have shown that the same basic technique, reinforc-
ing novel behavior, can increase the creativity of people. In one study, John 
Glover and A. L. Gary (1976) asked fourth and fi fth graders to think of uses for 
various objects such as a can, brick, or pencil. The students worked in teams 
and earned points by coming up with uses for a particular object. At various 
times, different kinds of criteria had to be met to earn points. The result was 
that reinforcement affected the kinds of behavior produced. When unusual 
uses earned points, the number of unusual uses rose sharply. For instance, 
during the baseline period, students asked to come up with uses for a box 
might suggest variations on the idea that a box is used to store things in (e.g., 
“hold books in,” “hold leaves in,” etc.). But when originality earned points, 
some very unusual uses appeared. Asked for uses of a brick, for example, one 
student suggested attaching a brick to each foot as a way to develop leg 
strength. Another, asked to come up with an original use for blackboard eras-
ers, proposed that they could be stuffed into his shirt “to make my shoulders 
look bigger.” Originality and other measures of creativity showed a strong in-
crease as a result of reinforcement for creative ideas.

Kathy Chambers and her colleagues (1977) obtained similar results when 
they reinforced originality in block building. In this study, one of the experi-
menters asked fi rst and second graders to build things with blocks. Each time 
a child in the experimental group produced a new form of construction, the 
experimenter praised him or her. The experimenter watched children in the 
control group work but made no comment about their constructions. Praise 
resulted in nearly twice as many different constructional forms being pro-
duced by children in the experimental group.
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 Query 17:  How could an auto manufacturer increase the  creativity of its designers?

Other studies of the effects of reinforcement on creative behavior have 
produced similar results (Goetz, 1982; Goetz & Baer, 1973; Sloane, Endo, & 
Della-Piana, 1980; Winston & Baker, 1985). 

Despite such evidence, some psychologists have argued that reinforce-
ment actually makes people less creative (Amabile, 1983; Deci & Ryan, 1985; 
Hennessey & Amabile, 1988; Lepper, 1998; but see also Eisenberger & Cam-
eron, 1998). Typically they point to studies in which people are promised a re-
ward for performing a task, and their performance is compared to that of other 
people who were promised nothing. Those offered a reward are generally less 
creative. In one experiment, for example, Arie Kruglanski and colleagues 
(1971) asked college students to invent titles for paragraphs and found that 
those who were promised a reward produced less novel titles than those who 
weren’t. In a similar study, Teresa Amabile (1982) offered children a reward for 
constructing a collage, and their efforts were less creative than those of chil-
dren who performed the task without expecting to receive anything.

Why do some studies show that rewards reduce creativity? Probably the 
answer has to do with the way rewards are used. In studies that get negative 
results, there is typically no contingency between creative performance and 
the reward. Essentially a person is told, “Do this task, and you’ll get a re-
ward.” In studies that show increased creativity, rewards are contingent on 
creative behavior. 

Robert Eisenberger and Stephen Armeli (1997) found, for example, that if 
they rewarded conventional performance on a task, they got more conven-
tional performance, but if they rewarded creative performance, they got more 
creativity. Other studies have produced similar results (Eisenberger, Armeli, 
& Pretz, 1998; Eisenberger & Rhoades, 2001; Eisenberger & Selbst, 1994). In-
creasing creativity seems to be no great trick; all you need to do is reinforce 
creative acts whenever they occur.

But why are people inclined to be less creative when promised a reward 
for merely performing a task? Eisenberger and Linda Rhoades (2001) suggest 
that in our society creativity is not always appreciated. When offered a reward 
for performing a task, the surest way of pleasing a person and receiving the 
promised reward is to perform the task in a conventional (i.e., not original) 
way. If there is no reward at stake, then you can afford to be creative. 

Suppose, for example, that you were hired to paint a man’s house white 
with blue trim. You could paint not only the shutters blue, but the rain gut-
ters, spouts, windows, and door jambs. That would be rather creative, but if 
you wanted to be sure of getting paid, you would probably do the job in a more 
conventional manner. 

The clear implication of creativity research, taken as a whole, is that if 
you want people to be more creative, you should reward creative behavior, not 
merely the performance of a task. As Steven Kerr (1975) pointed out years ago, 
it is folly to reward A and expect to get B.

 REVIEW  Like insightful problem solving, creativity now seems less mysterious than it 
once did. Instead of attributing the creative act to a muse or some dark, hid-
den recess of the soul, we can see that creativity is a function of learning. 
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This new understanding brings with it the realization that creativity is not 
the domain of the chosen few; we can all learn to be creative. 

Verbal Behavior
The traditional view of language is that words are vehicles for moving ideas 
from one head to another. This ancient approach to language is still the view 
held by most people. Another approach is, however, possible.

The alternative view may have had its roots in the early work of Thorndike, 
but it received its fullest expression in a book by Skinner called Verbal Behav-
ior (1957). Skinner’s analysis is very complex, and we can do no more here 
than make a brief survey of its key features. Even a brief survey, however, will 
reveal a stimulating and promising approach.

Skinner proposed that to understand the nature of the spoken and written 
word, we must fi rst recognize that they are forms of behavior. Moreover, he 
proposed that verbal behavior is not essentially different from any other be-
havior. And, like other behavior, verbal behavior is to be understood in terms 
of functional relationships between it and environmental events, particularly 
its consequences. Like the pawing of a cat at a loop and the lever pressing of a 
rat, verbal behavior is a function of its consequences.

If we want to understand verbal behavior, said Skinner, we must examine 
the effects of verbal behavior on the environment, particularly the social en-
vironment. For it is mainly the social environment, the behavior of other peo-
ple, that shapes and maintains verbal behavior.

 Query 18:  Verbal behavior is governed by the law of   .

This begins in infancy. Some psychologists believe that learning a fi rst 
language is almost effortless and that “All it takes is exposure” (Roediger & 
Meade, 2000, p. 9; see also Trout, 2001). Some even go so far as to say that peo-
ple are born with a primitive grasp of grammar (Chomsky, 1965). But research 
on parent–child interactions shows that children expend a good deal of time 
and effort learning language, and their parents do a good deal of teaching. 
Betty Hart and Todd Risley (1995) showed, for example, that babies whose par-
ents provided the most instruction in language later had the best-developed 
verbal skills. 

Babies begin making sounds that, while perhaps not random, do not re-
semble any known language. (Baby vocalization is not called babbling for 
nothing.) Parents respond to these sounds by smiling at, touching, and talk-
ing to the baby. Thus, the baby has an impact on her environment by vocaliz-
ing. This kind of natural reinforcement is very powerful. Parents later select 
certain sounds for reinforcement, and the more those sounds resemble words 
in the parent’s language, the more reinforcement the parent provides. When 
the baby’s efforts approximate Ma-ma or Da-da, all sorts of wonderful things 
are apt to happen: Adults smile, tickle the child, laugh, clap, and repeat what 
the child has said. Through such shaping, parents teach their children the ru-
diments of language. Very likely, correct pronunciations are automatically re-
inforced by the similarity of the baby’s utterances to those of the parent. (The 
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music student experiences the same sort of automatic reinforcement when he 
plays a melody and notices that it resembles a professional recording.) After a 
time, Ma-ma no longer results in reinforcement; the child must say Mommy. 
In the same way, cook must give way to cookie or no treat is forthcoming. 
Later the child may be required to use complete, grammatically correct sen-
tences, such as “May I have a cookie, please?”

Some people mistakenly assume that an operant analysis of verbal behav-
ior means that a specifi c word, phrase, or sentence is reinforced, and that 
speaking then means repeating these memorized utterances. But this is a 
gross misrepresentation of the operant approach. When a hungry rat presses a 
lever and receives food, what is reinforced is lever pressing. But this does not 
mean that the rat always (or ever) presses the lever in precisely the same way 
again. In addition, lever pressing is not the only thing that is reinforced. The 
rat also learns that acting on the environment in the experimental chamber 
produces desirable results, that there is a connection between what it does 
and the appearance of food. In the same way, reinforcement strengthens not 
just the act of saying certain words, but of using words to produce effects. If a 
child receives salt when he says, “Please pass the salt,” he is likely to ask for 
other things in a polite way. But if he wants to go to the park, he doesn’t say, 
“Please pass the salt.” He knows the word park, he knows how to make re-
quests, so he says, “Can we go to the park?” “Please take me to the park,” or 
some such. 

In the normal course of events, we learn to speak because speaking pro-
duces reinforcers more reliably than other forms of behavior. Saying “Please 
pass the sugar” produces sugar more reliably than crying or pointing at the 
sugar bowl. When the professor says, “Why weren’t you in class Monday?” he 
behaves in a way that is apt to produce various kinds of reinforcers: a satisfac-
tory explanation, perhaps, an amusing story, or an apology. The student may 
reply, “My aunt died. I had to go to her funeral.” The student’s comment is apt 
to produce reinforcing consequences: expressions of sympathy, for example, 
or the opportunity to make up a missed exam. Of course, verbal behavior need 
not correspond perfectly with reality in order to produce reinforcement, so 
the relatives of college students are notoriously susceptible to fatal illnesses, 
especially during midterm exams.

A good deal of research supports the role of reinforcement in language. 
For instance, Joel Greenspoon (1955) asked college students to say as many 
words as they could think of in a given period. The exact instructions were, 
“What I want you to do is to say all the words that you can think of. Say them 
individually. Do not use any sentences or phrases. Do not count. Please con-
tinue until I say stop. Go ahead” (p. 410). In one condition, the experimenter 
said, “Mmm-hmm” after each plural noun spoken by the student. In another 
condition, the experimenter said, “Huh-uh” after each plural noun. Other 
students heard nothing from the experimenter regardless of what they said. 
The results showed that the frequency of plural nouns varied with the conse-
quences it produced. Reinforcement (“Mmm-hmm”) resulted in more  plural 
nouns, compared to the control group, whereas punishment (“Huh-uh”) re-
sulted in fewer plural nouns.

The work of Greenspoon clearly showed that verbal behavior is a function 
of its consequences. Unfortunately, the experiment did not closely resemble 
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Paul Ekman (Ekman & Patterson, 1992), a social psychologist famous for his work on 
nonverbal communication, reports that 91% of Americans lie routinely. He adds that 
86% lie regularly to parents, 75% to friends, and 69% to spouses. Why is lying so 
popular?

An experiment by Robert Lanza and colleagues (1982) suggests that reinforcement 
is involved. The researchers trained pigeons to use symbols to communicate about a 
color that was hidden from another pigeon. The pigeons learned the task readily 
enough, but when reporting that the hidden color was red paid off better than report-
ing the color that was actually hidden, the birds sometimes reported red. In other 
words, when lying paid better than telling the truth, they lied.

No doubt people sometimes lie because lying has been positively reinforced in 
the past. Suppose, for example, that a classmate asks, “What did you think of my 
speech?” It was really rather mediocre, but you lie and say, “I thought it was great!” 
We may lie in such situations because there are sometimes positive consequences for 
doing so: The speech maker smiles pleasantly and may offer to do us some kindness. 
(“Well, I’m glad you liked it. How are you coming in calculus? Need any help?”)

I suspect that most lying, however, has less to do with positive reinforcement than 
with negative reinforcement. By lying about a classmate’s speech, we avoid rejection, 
criticism, and other unpleasantness. People realize this, of course, and so are apt to im-
plore us to be honest and tell them what we really think. “Don’t hold back,” they tell 
us, “I can take it.” Only sometimes they can’t. After begging us to critique a speech 
honestly, they often rebuke us for having done so. We may then try to escape the un-
pleasant situation our honesty has created by temporizing our earlier opinion—in other 
words, by lying.

Rewarding Lies

the ordinary use of language. Research by William Verplanck (1955) came 
closer to the mark. In one experiment, Verplanck or a colleague engaged one 
person at a time in casual conversation under ordinary circumstances. For the 
fi rst ten minutes the researcher surreptitiously tallied the number of times 
the person started a sentence with the words, “I think that,” “I believe that,” 
or the like. During the next ten minutes, the experimenter attempted to rein-
force such expressions of opinion by paraphrasing them or expressing agree-
ment. For the fi nal ten-minute period, the experimenter no longer reinforced 
opinions. The result was that every one of the 23 subjects in the experiment 
showed a higher rate of opinion statements during the reinforcement period.

 Query 19:  In his opinion study, Verplanck used a(n)  research 

design. (See Chapter 2.)

In a second experiment, Verplanck engaged people in conversation for ten 
minutes and then introduced a new topic. For the next ten minutes, some 
people received reinforcement for any statement bearing on the suggested 
topic while others did not. The results showed that those who did not receive 
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reinforcement dropped the suggested topic within two or three minutes, 
whereas those who received reinforcement talked about almost nothing else 
for the next ten minutes. When the experimenter stopped reinforcing discus-
sion of the topic, statements on the topic fell to zero.

Herbert Quay (1959) wondered whether the tendency of psychotherapy pa-
tients to talk about family experiences was because of the unique importance 
of these experiences or whether this tendency might be the result of subtle 
forms of reinforcement from the therapist. To fi nd out, he asked college stu-
dents to recall events from their early childhood. He used uh-huh, an expres-
sion of interest, as a reinforcer. With some students, Quay said uh-huh when-
ever he or she recalled a family experience; with other students, he said uh-huh 
whenever the recollection had to do with anything but family. When uh-huh 
was contingent on certain kinds of recollections, those kinds of recollections 
increased (see Figure 8-11). This fi nding suggests that the tendency of psycho-
therapy clients to talk about family relationships may have less to do with their 
importance to the client than with the reactions they get from the therapist.10 

Of course, it is not merely the current reinforcement contingencies that 
infl uence verbal behavior. The speaker comes to his audience after a long and 
complicated learning history. This history, as well as the listener’s reactions, 
mold his speech.

 Query 20:  Given the word “up,” most people probably say “down.”Why?

The idea that what we say depends in part on the effect our verbal behav-
ior has on others may seem, in hindsight, like nothing more than common 
sense, but it represents a radical departure from the traditional (and still pop-
ular) view of language as the transfer of ideas from one head to another.

 REVIEW  The traditional view of verbal behavior holds that ideas are encoded into lan-
guage by one person and decoded by another. An analysis in terms of operant 
learning suggests that verbal behavior is shaped and maintained by its conse-
quences, chiefl y its effects on other people. Experiments by Thorndike, Green-
spoon, Verplanck, and others provided empirical support for this notion, un-
popular though it may be among linguists. 

A Final Word
One of my goals in this chapter was to show that operant principles have 
found wide application in dealing with important problems. People tend to re-
sist the application of operant principles to real world problems, not because 
they don’t work, but because they do. They fear a world in which behavioral 
engineers will control our every move. The fear is not entirely unwarranted: 
History is replete with examples of individuals and governments that manip-

10Not all efforts to reinforce conversational content have been successful (e.g., Madler & Ka-
plan, 1956; Sullivan & Calvin, 1959). The failures may have been due to reinforcement delay. 
Small delays in delivery of reinforcement can mean large differences in results.
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ulated their people like puppets on strings. They were successful not because 
they had a deep understanding of operant principles, however, but because 
their own behavior had been shaped by its effects—they simply did what 
worked for them. The best defense against such abuses is an understanding of 
how behavior is affected by experience. 

Another of my goals in this chapter was to show that operant principles 
can provide credible scientifi c accounts of complex behavior, that “established 
scientifi c principles are sufficient to account for puzzling phenomena.” 
(Palmer, 2003, p. 174). Once again, people are apt to object, not because the sci-
entifi c account isn’t believable but because it is. Most of us are romantics: We 
like the puzzling nature of behavior, we like believing that human action is 
somehow beyond understanding. We fear that if we can explain human be-
havior in scientifi c terms, it will take the romance and the mystery out of the 
human experience. 

The best reply I can give is to point out that people said much the same 
thing when Neil Armstrong and Buzz Aldrin walked on the moon. The moon 
had been a mysterious and romantic object, some people said, but the foot-
prints of science had taken that away. That was about 40 years ago. Those foot-
prints are still there, yet I still look up at the moon with wonder. Don’t you?

RECOMMENDED READING

 1. Braginsky, B., Braginsky, D., & Ring, K. (1971). Methods of madness: The 
mental hospital as a last resort. New York: Holt, Rinehart & Winston.

  The authors describe research showing that hospitalized psychiatric pa-
tients know where the reinforcers are and how to get them.

 2. Daniels, A. C. (1994). Bringing out the best in people: How to apply the as-
tonishing power of positive reinforcement. New York: McGraw-Hill.

  Daniels, a successful management consulant, shows how reinforcement 
principles apply in the workplace. This is “must” reading for anyone plan-
ning a career in business. 
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Figure 8-11 Reinforcement and memories recalled. When mention of family topics 
produced a mild reinforcer (“uh-huh”), the proportion of family topics increased from the 
baseline level (dark bar). When “uh-huh” followed nonfamily topics, the proportion of 
those topics increased. (Compiled from data in Quay, 1959.)
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 3. Donahoe, J. W., & Palmer, D. C. (1994). Learning and complex behavior. 
Boston: Allyn & Bacon.

  This text, devoted to the analysis of complex human behavior, may be 
heavy going for the undergraduate, but it is worth the effort of the serious 
student. See in particular the chapter on problem solving. 

 4. Sutherland, A. (2006). Kicked, bitten, and scratched: Life and lessons at 
the world’s premier school for exotic animal trainers. New York: Viking. 

  Sutherland provides an entertaining read on the training of animal 
trainers.

 5. Vyse, S. (2000). Believing in magic: The psychology of superstition. New 
York: Oxford University Press.

  Stuart Vyse offers a fascinating review of superstitious behaviors and the 
attempts to explain them.

REVIEW QUESTIONS

 1. Defi ne the following terms in your own words:
distancing learned industriousness
distraction monitoring behavior
inform others of your goals physical restraint
learned helplessness  superstitious behavior

 2. In what sense is the relationship between an individual and its environ-
ment reciprocal?

 3. How is self-awareness like the awareness we have of others? How is it 
different?

 4. Janet hypothesizes that people who are good at observing others are good 
at observing themselves. Design a study to test her hypothesis.

 5. Does the use of a mirror by Gallup’s chimps imply a concept of self?

 6. How is an operant analysis of verbal behavior different from the tradi-
tional approach to language?

 7. Given the role of social reinforcement in verbal behavior, what reasons 
can you give to explain why some people talk to themselves when alone?

 8. In supporting the operant view of verbal behavior, which research de-
scribed in this chapter is more important, that of Quay or that of 
Verplanck?

 9. Occasionally the solution to a problem comes to a person in a dream. Can 
you account for this in terms of operant learning?

 10. Why is insight not an adequate explanation of problem solving?

 11. Studies show that students who have difficulty learning higher-level skills, 
such as algebra, often perform poorly at lower-level skills. Explain why.

 12. You head the product development division of a major corporation. How 
can you get the people in your division to come up with more ideas for 
new products?
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 13. How can a writing instructor get his students to write more creative 
stories?

 14. There is some evidence that very creative people are more inclined toward 
mental illness. Assuming this is true, how might you account for it in 
terms of operant learning?

 15. Why are so many gamblers inclined to be superstitious?

 16. Explain why people within the same family often share the same super-
stitious beliefs.

 17. Could delusions sometimes be a form of superstitious behavior?

 18. Suppose a psychiatric patient claims he is Napoleon. How could you de-
termine whether this delusion is under the control of reinforcing 
consequences?

 19. Why have the topics covered in this chapter resisted scientifi c analysis for 
so long?

 20. What mysteries of human nature not covered in this chapter might suc-
cumb to an operant analysis?

PRACTICE QUIZ

 1. In animal training, secondary reinforcement may be provided with a toy 
called a(n)   .

 2. Gordon Gallup provided experimental evidence of self-awareness in 
  .

 3. Two strategies for achieving self-control are  and 
  .

 4. The study in which William Verplanck reinforced opinions is an example 
of a(n)  or within-subject experiment.

 5. The experiment in which pigeons pecked a banana hanging from the 
ceiling demonstrated that insight is the product of the history of 

  .

 6. Gregory Wagner and Edward Morris studied  behav-
ior with the help of a mechanical clown named Bobo.

 7. When a behavior is maintained by coincidental reinforcement, that be-
havior is   .

 8. Immunity against learned helplessness may be provided by exposure to 
aversive stimuli that can be   .

 9. Self-injurious behavior is often maintained by attention and by  
  .

 10. An effective way of reducing disruptive behavior is to 
 most disruptive behavior and 

appropriate behavior.
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QUERY ANSWERS

Query 1. The procedure used to modify the elephant’s behavior was shaping.

Query 2. Madsen and colleagues asked teachers to shift their attention from 
bad behavior to good behavior.

Query 3. In Skinner’s teaching machines, the reinforcer for correct answers 
was the opportunity to go on to the next item.

Query 4. The Headsprout reading program was designed so that most stu-
dents will be successful most of the time.

Query 5. Once self-injurious behavior was thought to be due to an uncon-
scious need to suffer, but if that were the case, the shocks given by Lovaas 
and Simmons would have reinforced self-injurious acts.

Query 6. Willpower is a circular explanation of behavior because the evi-
dence for willpower is the behavior it is supposed to explain.

Query 7. Self-control techniques include physical restraint, distancing, dis-
traction, deprivation and satiation, informing others, and monitoring 
behavior.

Query 8. Alford’s research demonstrates that delusional behavior can be 
modifi ed by reinforcement.

Query 9. To be self-aware is to observe one’s behavior.

Query 10. Exposure to inescapable aversives leads to learned helplessness.

Query 11. The Kassinove and Schare study suggests that “near misses” can 
serve as reinforcers.

Query 12. Superstitious behavior by defi nition does not produce the rein-
forcer that maintains it. 

Query 13. A problem is a situation in which reinforcement is available, but 
the behavior necessary to produce it is not. Note: The problem solver is often 
physically capable of performing the behavior (recall Thorndike’s cats) but 
does not perform it.

Query 14. Harlow’s data show that “insightful” solutions may be arrived at 
gradually as a result of a number of learning experiences.

Query 15. Epstein’s experiment demonstrates that insightful problem solving 
is largely the product of the individual’s learning history/previous learning.

Query 16. The idea of increasing creativity by means of reinforcement seems 
illogical at fi rst because reinforcement increases the strength of old behavior. 
(But if we reinforce creative behavior, we are likely to get more creative 
behavior.)

Query 17. The company might try providing bonuses, promotions, or awards 
to people when they produce creative designs. These actions should reinforce 
creative behavior.

Query 18. Verbal behavior is governed by the law of effect.

Query 19. In his opinion study, Verplanck used an ABA/within-subject/sin-
gle case research design.

Query 20. Using the phrase is often reinforced in Western society: We say 
that a wave goes up and down, that excited kids jump up and down, that yo-
yos go up and down, that the stock market goes up and down, and so on.
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Workbook Chapter 3 includes:Active Learning

Workbook Chapter 8 includes exercises on:

• Self-control
• Treatment of phobia
• Clicker training
• Interpreting behavior in terms of operant learning
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C H A P T E R

9
Observational Learning

BEFORE YOU BEGIN . . . 

What is observational learning?

How is observational learning different from imitation?

What determines whether a model’s behavior will be imitated?

What factors infl uence how much we learn from models?

What theories attempt to account for observational learning? 

Are there any applications of observational learning?

IN THIS CHAPTER . . .

Basic Procedures

Observational Learning Versus Imitation

Generalized Imitation

Variables Affecting Observational Learning

box: Observational Learning and Human Nature

Theories of Observational Learning

Applications and Interpretations

box: Smoke Gets in Their Eyes

Recommended Reading

Review Questions

Practice Quiz

Query Answers 
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You can observe a lot by watching.

Yogi Berra

Sometimes the history of science is the story of a steady progression, 
rather like the climb up a winding staircase. Progress requires effort, 
and occasionally the scientist is found panting on a landing, but move-

ment is always forward and usually upward. The study of classical condition-
ing, for example, began with the brilliant experiments of Pavlov and his 
 co-workers and progressed more or less steadily until today our understand-
ing of this phenomenon is fairly sophisticated. The study of operant learning 
followed a similar course. But sometimes the history of science is more like a 
roller-coaster ride than the climb up a staircase: One moment we’re plummet-
ing toward ruin; the next we seem to be headed for the stars. Observational 
learning is a case in point.

The problem posed by observational learning seems simple enough: Can 
one individual learn by observing the experience of another? The search for 
an answer to this question began with Thorndike. In Thorndike’s day, it was 
widely believed that animals often learned by observing  others. Everyone 
knew that the house cat watched people opening cabinet doors and then imi-
tated their behavior. Could cats and other animals really learn this way? Ac-
cording to anecdotal evidence, the answer was yes.

Thorndike was not so sure, so he dealt with this belief the same way he 
had dealt with beliefs about animal intelligence: He submitted it to experi-
mental test. His fi rst subjects were chicks, cats, and dogs. In a typical experi-
ment, Thorndike (1898) put one cat in a puzzle box and another cat in a nearby 
cage. The fi rst cat had already learned how to escape the box, and the second 
had only to observe its neighbor to learn the trick. But when Thorndike put 
this cat into the puzzle box, he found that it did not imitate its more learned 
fellow. Instead, it went through the same sort of operant learning any other 
cat went through in learning to solve the problem. No matter how often one 
cat watched another escape, it seemed to learn nothing. 

 Query 1:  The basic question posed by observational learning is .

Thorndike found there was not the slightest difference between the be-
havior of cats that had observed a successful model and those that had not. He 
got similar results with chicks and dogs and concluded that “we should give 
up imitation as an a priori explanation of any novel intelligent performance” 
(p. 62). In other words, until someone demonstrates that animals learn by ob-
serving others, we ought not to assume that they do.

These experiments on observational learning, perhaps the fi rst ever done, 
were published in 1898 as part of Thorndike’s classic treatise on animal intel-
ligence. Shortly thereafter, Thorndike (1901) conducted similar experiments 
with monkeys, but despite the popular belief that “monkey see, monkey do,” 
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Thorndike concluded that “nothing in my experience with these animals . . . 
favors the hypothesis that they have any general ability to learn to do things 
from seeing others do them” (p. 42). A few years after this, John B. Watson 
(1908) performed a similar series of experiments on monkeys with nearly iden-
tical results.

The negative fi ndings seem to have had a devastating effect on research 
on observational learning. There was, in fact, almost no experimental investi-
gation of this problem for a generation. Then, in the 1930s, Carl Warden and 
his colleagues conducted a number of carefully controlled experiments and 
clearly demonstrated that monkeys can learn by observing others.

These studies should have prompted an upswing in research on observa-
tional learning, but it continued to receive little attention. Then, in the 1960s, 
research in this area began to take off. Much of the impetus for this change 
was the research of Albert Bandura and his colleagues and the use of model-
ing in treating behavior disorders. These studies showed the importance of 
observational learning and spurred interest in the subject. Although research 
in this area continues to lag behind (Kymissis & Poulson, 1990; Robert, 1990), 
the subject is no longer ignored (Hirata & Morimura, 2000; Myowa- Yamakoshi 
& Matsuzawa, 2000).

 Query 2:  How might the lack of research on observational learning have been due 
itself to observational learning?

Basic Procedures
Learning is a change in behavior due to experience. Observational (or vicari-
ous) learning may be defi ned as a change in behavior due to the experience of 
observing a model. There are two basic procedures.

In vicarious reinforcement, an observer looks on as a model’s behavior 
produces reinforcement. For instance, suppose you are at an international 
food festival, you see someone eat a strange food (roasted grasshoppers, per-
haps), and he shows evident delight at the taste and eats some more. Under 
these circumstances, you might be inclined to try the food yourself. Your in-
clination to eat the food has been strengthened by seeing that the behavior 
had positive consequences for someone else.

In vicarious punishment, an observer looks on as a model’s behavior is 
punished. Suppose you are at an international food festival. You decide to or-
der shepherd’s pie, a British dish you have enjoyed many times. Before you 
place your order, you see someone who has just been served shepherd’s pie 
take a bite and then, with a look of disgust, throw the remainder in a trash 
bin. Are you still inclined to order shepherd’s pie? Probably not. The evident 
punishment of the model’s behavior affects your own. 

 Query 3:  Observational learning may be defi ned as 

 .

Various experiments have demonstrated that in humans and some other 
mammals, vicarious reinforcement and punishment can affect behavior.
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Carl Warden (Warden, Fjeld, & Koch, 1940; Warden & Jackson, 1935) was 
among the fi rst to demonstrate experimentally that some animals can benefi t 
from the consequences of a model’s behavior. Warden began by constructing a 
special experimental environment with two compartments so that identical 
problems could be solved in each compartment. He put an observer monkey 
in one compartment and restrained it so that it could not get to the problem 
apparatus. Then he put another monkey, the model, in the other compart-
ment. The model had already learned how to obtain reinforcement.

In one study (Warden & Jackson, 1935), the simplest problem involved 
pulling a chain that opened a door and revealed a raisin the model could re-
trieve and eat. After watching the model perform this act fi ve times, the ob-
server got a chance to tackle the same problem in its own chamber. If the ob-
server did not solve the problem within 60 seconds, the experimenters pulled 
the monkey away from the apparatus and restrained it for about half a minute 
before letting it have a second trial. The researchers repeated this procedure 
on the next two days for a total of six trials before going on to the next 
problem.

The results showed clearly that the observers had benefi ted substantially 
from watching the model, often responding correctly on the very fi rst trial. 
Furthermore, when an animal succeeded, it often did so in far less time than 
would have been expected had it not watched a model. Forty-seven percent of 
all the solutions occurred within 10 seconds (almost as fast as the model’s 
performance), and about 75% of the solutions occurred within 30 seconds.

Warden and his co-workers performed other, similar experiments with 
equally encouraging results. For instance, in one study (Warden et al., 1940), 
observer monkeys performed correctly on 76% of the trials, and about half of 
the solutions occurred within 10 seconds.

In addition to noting the number of successes, Warden and his colleagues 
also kept tabs on the nature of their monkeys’ failures. In many instances 
the monkey made the correct response but with too little force to operate the 
mechanisms; in other instances the monkeys approached the right part of the 
apparatus but manipulated it in the wrong way. Thus, even when a monkey 
failed to solve a problem, the topography of its behavior suggested that some 
learning had occurred.

Following Warden’s lead, Marvin Herbert and Charles Harsh (1944) dem-
onstrated observational learning in cats. They designed a structure that would 
allow as many as four cats at a time to watch a model as it worked at one of 
fi ve problems (see Figure 9-1). In the turntable problem, a circular platform ro-
tated on a bicycle axle (see Figure 9-2). By grasping the black cleats on the 
turntable, a cat could spin the platform so that a food dish came into its cage. 
On any given problem, the cat that served as model would have 30 trials 
while observer cats looked on. Some observers watched all 30 of a model’s tri-
als before tackling a problem; others watched only the last 15 trials. By 
comparing the performances of the observers with those of the models, the 
experimenters could determine how much observational learning had taken 
place.

The results showed that the observer cats outperformed the models. More-
over, the more observing a cat did, the more it learned (see Figure 9-3). On the 
turntable problem, for instance, the models took an average of 62 seconds to 
solve the problem on the fi rst trial. Cats that had  observed 15 trials took an 
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Figure 9-1 View from above the Herbert and Harsh apparatus with the turntable prob-
lem installed. Observers sat in chambers at O1, O2, O3, and O4 and watched as a model, 
at M, worked on the problem of getting the food at F. (After Herbert and Harsh, 1944.)
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Figure 9-2 Miss White working at the turntable problem. (After Herbert and Harsh, 
1944.)

average of 57 seconds, and those that had observed 30 trials took an average of 
only 16 seconds.

W. J. Presley and Arthur Riopelle (1959) performed an experiment on ob-
servational avoidance learning. They put a monkey in one side of a box di-
vided by a hurdle. A light came on, and four seconds later the model received 
a shock through a grid fl oor. The model could escape the shock by jumping to 
the other side of the compartment, or it could avoid the shock by jumping the 
hurdle as soon as the light came on.

During the model’s training, an observer monkey got a good view of the 
model’s behavior but never received any shocks. The experimenters continued 
the model’s training until it avoided the shock on 28 out of 30 trials. Then it 
was the observer’s turn. The idea was to see whether the observer would learn 
to avoid shock more quickly than the model had. The results showed that the 
observers reached the criterion in considerably fewer trials than the models 
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required. In fact, the researchers noted that the slowest learning observer did 
as well as the fastest learning model.

Numerous studies have demonstrated observational learning in children. 
In one study, Bandura and Fred McDonald (1963) had children listen to stories 
and judge which of two characters was naughtier. In a typical story, John 
breaks 15 cups while answering his mother’s call to dinner; in another story, 
Henry breaks one cup while in the act of stealing cookies. In pretesting, the 
experimenters found that some children tended to make their moral judg-
ments on the basis of the intent of the protagonist; on this subjective basis, 
Henry is naughtier than John because he was stealing. Other children based 
their decision on the amount of damage done; on this objective basis, John is 
naughtier because he broke more cups. The experiment consisted, in part, in 
attempting to teach subjective children to use the objective approach. The 
children were assigned to one of three conditions, two of which are of special 
interest. In one condition, the child and an adult female model took turns in 
evaluating stories. The model always used the objective approach to make her 
judgment, and an experimenter approved these judgments. The experimenter 
also approved the child’s judgments when they refl ected the objective ap-
proach. In the second condition there was no model, but the experimenter ap-
proved the child’s choice whenever it was based on the objective method. Af-
ter this training, the researchers tested the children again on their own to see 
what infl uence the training had had on their moral judgments. The results 
showed that the reinforcement of a model’s behavior added substantially to 
the effects of direct reinforcement.

A study by Mary Rosekrans and Willard Hartup (1967) shows the differen-
tial effects of reinforcement and punishment of a model’s behavior. The re-
searchers had nursery school children watch an adult model as she played 
with some toys, at times beating a large infl ated doll on the head with a mal-

Figure 9-3 Number of observed reinforcements. Average solution times on fi rst trial 
of four problems by models and observers. Observers watched models perform on 15 or 
30 trials. Data from one problem, failed by four observers, are not included. (Compiled 
from data in Herbert and Harsh, 1944.)
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let and poking a clay fi gure with a fork. As she played, the model made such 
comments as “Wham, bam, I’ll knock your head off” and “Punch him, punch 
him, punch his legs full of holes.” In one condition, these aggressive acts were 
praised by an adult who made remarks such as “Good for you! I guess you re-
ally fi xed him that time.” In another condition, the model’s behavior was re-
peatedly criticized by an adult who said things such as, “Now look what 
you’ve done, you’ve ruined it.” After watching the model play and seeing her 
behavior either praised or criticized, the observer then got a chance to play 
with the same toys. The results showed that children who saw aggressive be-
havior reinforced tended to play aggressively, whereas those who saw aggres-
sive behavior punished tended to play more peacefully (see Figure 9-4). 

Ellen Levy and her colleagues (1974) studied the effects of model 
 reinforcement and punishment on picture preference. In one experiment chil-
dren ranging from preschoolers to sixth graders looked on as a model went 
through a series of picture pairs, indicating which of each pair she preferred. 
Each of these choices resulted in approval, disapproval, or a neutral conse-
quence. The observers then went through the picture pairs, indicating their 
own preferences. The results showed that the children were infl uenced by the 
consequences of the model’s choices. Children tended to imitate the model 
when the model’s choice won approval and to select the opposite picture when 
the model’s choice was criticized.

Stephen Higgins and his co-workers (1989) found that children would imi-
tate superstitious behavior after watching a videotape of a model engaging in 
the behavior. The model pressed a doll’s nose and received marbles. This be-
havior was superstitious because pressing the doll’s nose did not cause the 
marbles to appear; reinforcement was accidental. The observers repeatedly 
imitated this behavior even though the marbles they received were not con-
tingent on it.

Of course, observational learning has been demonstrated in adults as well 
as in children. In one study, Frederick Kanfer and Albert Marston (1963) had 
college students sit in an experimental room alone and communicate with 
the experimenter by way of a microphone and earphones. Each time the ex-
perimenter signaled the student, he or she said the fi rst word that came to 
mind. As the students waited for the signal, they could hear what seemed to 

Figure 9-4 Imitation and the consequences of model’s behavior. Average number of 
imitative aggressive responses by observers who saw a model’s aggressive acts reinforced 
or punished or who saw no model. (Compiled from data in Rosekrans and Hartup, 1967.)
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be the responses of other students taking their turn. What the students really 
heard was a prerecorded tape. Over the course of the experiment, the people 
on the tape responded with more and more human nouns (presumably words 
such as boy, woman, and hero).

There were four different treatment groups, but two are of special inter-
est: In one group, each time one of the people on the tape responded with a hu-
man noun, the experimenter said “good”; in the second group, the observer 
heard the same taped response but the experimenter made no comment. In 
neither case did the observer receive any direct reinforcement for saying hu-
man nouns. These two groups of students showed the same inclination to say 
human nouns during the baseline period when no responses were reinforced, 
and both said more human nouns as they heard others do so. But the students 
who heard human nouns approved showed a much greater increase in nouns 
than did those who had not heard nouns approved (see Figure 9-5).

 REVIEW  Observational learning has received less attention over the years than Pavlovian 
and operant procedures, partly because early attempts to show observational 
learning in animals failed. In observational procedures, an observer looks on 
as another animal or person interacts with the environment. Two observa-
tional procedures, vicarious reinforcement and vicarious punishment, can be 
effective with people and at least some other mammals. 

Observational Learning Versus Imitation
Observational learning is sometimes equated with imitation: The observer 
watches a model perform an act, and then the observer does likewise. Monkey 
see, monkey do. But imitation of a model does not necessarily imply that 

Figure 9-5 Reinforcement of modeled verbal behavior. Group A heard people praised for 
saying human nouns; Group B did not. (Adapted from “Human Reinforcement: Vicarious 
and Direct,” by Frederick Kanfer and Albert Marston, 1963, Journal of Experimental 
Psychology, 65, p. 293, Figure 1. Copyright © 1963 by the American Psychological Asso-
ciation. Reprinted by permission.) 
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observational learning has occurred, nor does a failure to imitate a model nec-
essarily mean that learning has not occurred.

Suppose that two children, Dick and Anne, are individually instructed in 
the art of making a toy boat out of newspaper. Dick is later seen building such 
a boat while Anne looks on, and then Anne builds a boat of her own. Anyone 
watching the children might be tempted to conclude that Anne learned to 
build a paper boat by watching Dick build one. If we did not know that Anne 
already knew how to build paper boats, we might make the same mistake. 
Anne’s performance may have been somewhat imitative. That is, she might 
not have built a boat if Dick had not done so. (We cannot say without more in-
formation.) But you can see that just because an observer performs an act after 
a model performs it does not necessarily mean either that the observer is imi-
tating the model or that she has learned from the model.

Similarly, an observer may learn from a model, yet not imitate the model. 
In fact, imitation may even serve as evidence that observational learning did 
not occur. Imagine that Dick and Anne are invited to take a treat from either 
of two bowls. The blue bowl contains pieces of grand mother’s delicious fudge, 
while the green bowl contains pieces of grandfather’s rock-hard taffy, but the 
children don’t know which candy is in which bowl. Dick reaches into the 
green bowl and gets stuck with the inedible taffy. If Anne now imitates Dick’s 
choice, we might reasonably conclude that she had not learned much from ob-
serving him. In this situation, learning from the model implies not imitating 
his behavior. Thus, although observational learning and imitation are closely 
related, they are not synonymous terms.

It may be that imitation evolved before true observational learning. 
Thorndike (1911) reports that sheep were observed being boarded on a ship one 
at a time. At one point, the sheep had to jump over an obstacle. Someone re-
moved the obstacle, but the next few sheep, having seen those before them 
jump the hurdle, also jumped at that point, even though there was no longer 
anything to jump. Although we humans are generally smarter than that, at 
times we, too, follow our leaders, imitating their every move, however foolish.

 REVIEW  The terms observational learning and imitation are sometimes used inter-
changeably, but they do not really refer to the same things. Observational 
learning means a change in behavior due to observing a model, but that may 
mean doing something very different from what the model does. 

Generalized Imitation
In studies of observational learning, an observer looks on as a model under-
goes training. Typically the model’s behavior is reinforced and is imitated by 
the observer. However, an observer will sometimes imitate a model’s behavior 
even though the behavior is not reinforced.

A study by two Italian researchers, Graziano Fiorito and Pietro Scotto 
(1992), provides an illustration. They trained several octopi to attack either a 
red or a white ball. The researchers attached a bit of fi sh to the far side of one 
ball to reinforce attacks on it. If an animal attacked the other ball, it received 
an electric shock. Some animals learned to attack the red ball, some the white 
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ball. During the observational training phase, an untrained octopus in a tank 
adjacent to the model observed four trials in which the model attacked either 
the red or the white ball. During these trials, neither the model nor the ob-
server received any food. Next, the researchers gave the observers fi ve trials 
during which they could attack either the red or white ball. These animals re-
ceived neither food nor shocks, regardless of their choices. The results showed 
a very strong tendency of the observers to imitate the choices of the models. 
For example, in 150 trials, the animals that observed models attack the red 
ball did likewise on 129 trials, choosing the white ball only 13 times.

Clearly the observers learned from, and imitated, the model’s behavior. 
But why? Why should an observer imitate a behavior that, so far as the ob-
server can tell, does not have reinforcing consequences?

Donald Baer and J. Sherman (1964) investigated this problem many years 
ago. They used a puppet to provide social reinforcers for imitative behavior in 
young children. The puppet modeled four behaviors: mouthing, head nodding, 
speaking nonsense, and pressing a lever. Whenever the children imitated any 
of the fi rst three of these behaviors, the puppet provided reinforcement in the 
form of approving comments. The researchers discovered that as the tendency 
to imitate these behaviors increased, so did the tendency to imitate the fourth 
behavior, lever pressing, even though lever pressing did not produce reinforce-
ment. When the researchers stopped reinforcing imitative mouthing, head 
nodding, and nonsense talking, their frequency declined—and so did the fre-
quency of imitative lever pressing. When the fi rst three imitative behaviors 
again resulted in praise, they increased—and so did imitative lever pressing. 
Baer and Sherman concluded that it is possible not only to reinforce the imita-
tion of particular acts but to reinforce a general tendency to imitate. They 
called this tendency generalized imitation.

Numerous studies have replicated Baer and Sherman’s fi ndings (see Baer 
& Deguchi, 1985; Baer, Peterson, & Sherman, 1967). Ivar Lovaas and his col-
leagues (1966), for example, established generalized imitation in two schizo-
phrenic children. They reinforced accurate imitation of English words and 
found that as performance improved, accurate imitation of Norwegian words 
increased as well, even though imitation of the Norwegian words had never 
been reinforced.

 Query 4:  Generalized imitation is the tendency to imitate modeled behavior even 

when imitation of the behavior is not .

Our tendency to imitate models is the product of experience. We learn to 
observe and imitate successful models because doing so often leads us to suc-
cess. But we also learn to observe and imitate models even when we have not 
observed that their behavior is reinforced. If you are walking down a city 
street and suddenly a crowd of people comes rushing toward you as if they are 
fl eeing space aliens, you are likely to run with them—even though you have 
no idea why they are running and have not observed that their running pro-
duces any benefi t. You are likely to imitate them because imitating groups 
has paid off in the past. For example, if you are to go to a certain place but are 
unsure how to get there, you have learned that “following the crowd” often 
pays off.
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Our concern in this chapter is with observational learning: changes in be-
havior that result from observing models whose behavior produces reinforc-
ing or punishing consequences. However, it is important to understand that 
imitation is itself a kind of behavior that can be strengthened or weakened, 
depending on its consequences. And it is important to keep in mind that peo-
ple, and some animals, sometimes imitate behavior even when it does not 
produce important consequences.

 REVIEW  Generalized imitation is a descriptive term for the tendency to imitate modeled 
successful behavior. Studies show that this tendency can be strengthened by 
reinforcement.

Variables Affecting Observational Learning
The variables that are important in operant procedures seem to affect obser-
vational learning in a similar manner but with the additional complication 
that at least one model is involved.

Consequences of the Model’s Behavior

Reinforcement of the model’s behavior is clearly important. Consistent rein-
forcement or punishment of a model’s behavior gets better results than incon-
sistent consequences. In the Rosekrans and Hartup (1967) study described ear-
lier, when a model’s aggressive behavior was consistently re inforced, the 
observer tended to adopt it; when it was consistently punished, the observer 
tended to avoid making it. There was also a condition, not mentioned earlier, 
in which children saw a model whose aggressive acts were sometimes re-
warded and sometimes punished. Not surprisingly, the tendency of these chil-
dren to adopt the model’s aggressive behavior fell midway between the other 
two groups (see Figure 9-6).

Consequences of the Observer’s Behavior

If observing others pays off, we tend to spend more time observing others. Jap-
anese researchers Satoshi Hirata and Naurki Morimura (2000) noticed this in 
chimpanzees. They paired chimps and gave them a problem that required us-
ing a tool. Once an animal had solved a problem, it never observed its part-
ner’s efforts. On the other hand, if a chimp attempted the problem and failed, 
it then watched as its neighbor struggled with the problem. 

The consequences of imitating a model’s behavior are also powerful. If a 
given behavior produces one kind of consequence for a model and a very dif-
ferent kind of consequence for an observer, the latter consequences will even-
tually win out. For example, if a model is successful at a computer game and 
clearly enjoys playing it, an observer is likely to give the game a try. If, how-
ever, the observer is consistently unsuccessful, she is likely to abandon the 
game. Similarly, a young man who lacks fi nesse with women may observe an-
other man as he introduces himself to a woman, interacts with her, and ar-
ranges a date. The observer may then approach a woman and attempt to imi-
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tate the model’s words and gestures. But if his efforts result in a snub rather 
than a date, the observer may be unlikely to try the model’s methods again. 
Ultimately, people usually do what works for them—regardless of whether it 
worked for a model.

Characteristics of the Model

Numerous studies have demonstrated that human observers tend to learn 
more from models who are competent, attractive, likable, and prestigious than 
from models who lack these characteristics. A study by Berger (1971), in which 
college students participated in what was ostensibly an investigation of extra-
sensory perception (ESP), will serve as an example. The model was introduced 
to the observer either as a fellow subject or as an assistant to the experimenter. 
Later on, those observers who thought they had watched a fellow student 
showed less evidence of learning than did those who thought they had ob-
served the experimen ter’s assistant. The model was actually the same person 
in each case and behaved in the same way, so the difference in the observer’s 
behavior apparently was due to the model’s status. Studies of this sort raise an 
interesting question: Why should model characteristics such as status, attrac-
tiveness, competence, and so on have any effect on what an observer learns?

Research by Judith Fisher and Mary Harris (1976) provides a plausible an-
swer. Fisher and Harris approached people in a shopping center or on a college 
campus and asked them to guess the prices of certain items. An experimenter 
would appear to approach two subjects simultaneously, but one of the people 
approached was actually a confederate of the researchers. In one experiment, 
the model sometimes wore an eye patch. The model would guess at the price of 
an item, and then the observer would make a guess. Later, when the observers 
tried to remember the answers the model had given, the ones who were gener-
ally more accurate were those who had seen the model with an eye patch.

In a second experiment, the researchers manipulated the mood of the 
model. In one condition, the model smiled and nodded her head as the experi-
menter asked her questions. In another condition, the model frowned and 
shook her head. In a third condition, the model behaved in a neutral manner. 

Figure 9-6 Consistency of model’s consequences. Average number of imitative aggres-
sive responses by observers who saw aggressive acts consistently reinforced, sometimes 
reinforced and sometimes punished, or consistently punished. (Compiled from data in 
Rosekrans and Hartup, 1967.)
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In other respects, this experiment was similar to the fi rst. The results showed 
that observers who had witnessed one of the more expressive models recalled 
her behavior better than did observers who saw an impassive model. It made 
no difference whether the model’s mood was positive or negative, as long as it 
was not neutral.

According to Fisher and Harris, these model characteristics (eye patch and 
moodiness) affected the observer’s learning because they attracted the observ-
er’s attention. Status, likeability, age, sex, competence, and other model char-
acteristics affect observational learning because they induce the observer to 
look at the model. The more attentive an observer is to a model, the more 
likely he or she is to learn from the model’s behavior.

 Query 5:  Model characteristics are important because they can induce the observer to 

.

Model characteristics also have a strong effect on the tendency to imitate. 
Models who are attractive, powerful, or very popular are much more likely to 
be imitated than models who are not. Celebrities are especially likely to be 
imitated. The hairstyles, clothing, language, and social behavior of popular 
fi gures in the entertainment fi eld are likely to appear among their fans. Let 
Britney Spears get a tattoo on her calf or have a ring inserted through her na-
vel, and within a short time calf tattoos and navel rings are a common sight 
(Stack, 1987, 2000; Wasserman, 1984). 

Even fi ctional celebrities can be infl uential. Angie, a character in a tele-
vised soap opera called EastEnders broadcast by the BBC (British Broadcasting 
Corporation), took a drug overdose to get attention. (Note that the actress 
playing the part did not take an overdose; the character she played did.) After 
this, cases of self-poisoning shot up at certain hospitals (Fowler, 1986; see also 
Stack, 1987, 2000). The phenomenon is not new. The Sorrows of Young 
Werther, by Johann Wolfgang von Goethe, describes a depressed young man 
who commits suicide. The book was extremely popular throughout Europe in 
the 18th century, and suicide rates shot up as the book gained popularity. 

Observer’s Age

Age is sometimes a factor in observational learning. Young monkeys, for 
 example, are more likely to imitate a model than are older monkeys (Adams-
Curtiss & Fragaszy, 1995). Similarly, the study by Levy and others (1974) de-
scribed earlier found that children tended to imitate the picture choices of a 
model. The results were different with adult observers: The consequences of 
the model’s behavior had no effect on their choices. These fi ndings nicely 
demonstrate that observational procedures may have different effects with 
different age groups.

Age differences may vary with gender. Primatologist Elizabeth Lonsdorf 
(2005) reports that, in the wild, young female chimps watch carefully as their 
mothers retrieve termites from a mound with a stick and quickly pick up the 
art of “termite fi shing.” Young male chimps, on the other hand, spend their 
time roughhousing and spinning in circles and, as a result, learn termite fi sh-
ing about two years later than females do. This observation shows the advan-
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tage that observational learning bestows, but it also shows that one learns 
little from it if one fails to observe. 

It is commonly assumed that the young benefi t most from observing oth-
ers, but in fact the opposite is more often the case. Young children, for exam-
ple, usually get less from observing others than older children do, and older 
children usually learn less than adults. For example, Brian Coates and Wil-
lard Hartup (1969) had young children watch a fi lm in which a model per-
formed various novel acts. The older observers recalled more of the model’s 
behavior than did the younger children. (See also Yando, Seitz, & Zigler, 1978.) 
Those advanced in years, however, often are slower to benefi t from the experi-
ences of others than are the young (Kawamura, 1963).

Stage of development is also a factor, however. When hormones rage, the 
eyes may wander. Warden and Jackson (1935) trained a monkey to solve a prob-
lem and gave other monkeys the opportunity to profi t from the model’s expe-
rience. Several observing monkeys did just that, but some paid little or no 
 attention to the problem or how the model went about solving it. These way-
ward animals seemed interested in another sort of problem. The researchers 
noted that animal H, for example, “showed sex interest in [model]; ‘presented’ 
to him and ignored the problem; sat at screen near [model].” That the sexual 
arousal of some observers put them at a disadvantage becomes immediately 
clear when their performance is compared to that of the less distracted ani-
mals (see Figure 9-7).1

Viki had no memory of her natural parents. After all, she was only a few days old when 
Keith and Catherine Hayes (1952) adopted her and took her home. The Hayeses reared 
their adopted daughter with great care and affection. Their devotion paid off, for Viki 
proved to be extraordinarily precocious. For example, when she was less than a year-
and-a-half old, she began to learn, simply by observing her parents, how to dust the 
furniture and wash dishes. Before she was 2 years old, she would look in the mirror 
and put on lipstick as she had seen Catherine do. 

When Viki was between 2 and 3, her parents, who were psychologists, decided to 
test her to see just how well she could learn from observing others. They gave her, and 
some other youngsters of about the same age, a series of problems. For instance, in the 
Stick and String problem the Hayeses put an object in a wooden box. The object could 
be retrieved from the box only by hitting a string with a stick. The Hayeses demon-
strated the correct solution to the problem and then gave Viki a shot at it. 

Overall, Viki did quite well. She solved the Stick and String problem, for instance, 
after only one demonstration. Some children who worked on that problem required 
four demonstrations before they could solve it. Viki’s performance did more than dem-
onstrate observational learning, however. It raised all sorts of questions about human 
nature. Viki, you see, wasn’t like the children with whom she competed on those 
problems.

Viki was a chimpanzee.

Observational Learning and Human Nature

1You may have noticed a similar phenomenon in some other primate.
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Observer’s Learning History

The ability to learn from a model may also depend on learning experiences 
prior to viewing a model. A child whose aggressive behavior has been rein-
forced on numerous occasions is probably more likely to imitate an aggressive 
model than is a child with a different learning history.

It is difficult to separate age and learning history as independent variables. 
Perhaps one reason the age of the observer is important is because of differ-
ences in the learning histories of older and younger observers. For instance, 
adults may learn more than children from observing others because the adults 
have had more practice at it. In any case, the observer’s learning history is an 
important factor in observational learning.

Other Variables

Several other variables affect the course of observational learning. The emo-
tional state of the learner while observing the model is important (Warden & 
Jackson, 1935). Another factor is the complexity of the task being modeled. 
Complex tasks are not as readily picked up through observation as are simple 
tasks (Hirakawa & Nakazawa, 1977; Richman & Gholson, 1978). 

 Query 6:  Two important variables in observational learning are 

the  of the model’s behavior and the  

of the observer’s behavior.

 REVIEW  As with Pavlovian and operant learning, the effectiveness of observational 
 procedures depends on many variables. Some important variables are the con-
sequences of the model’s behavior, the consequences of imitating a model’s 

Figure 9-7 Sexual arousal and vicarious learning. Percentage of subjects solving each 
problem on fi rst trial. Top line shows performance of observers who attended to the prob-
lem; bottom line shows performance of observers who were sexually aroused and at-
tended to other matters. (Compiled from data in Warden and Jackson, 1935.)
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behavior, characteristics of the model (e.g., competent models are more read-
ily imitated than incompetent models), and the observer’s age, learning his-
tory, and emotional state. 

Theories of Observational Learning
The two main theories of observational learning are the social cognitive the-
ory of Albert Bandura and the reinforcement theory of Neal Miller and John 
Dollard.

Bandura’s Social Cognitive Theory

Albert Bandura (1965, 1971a, 1971b, 1971c, 1977, 1986) argues that observa-
tional learning is accounted for by four processes that occur during or shortly 
after observation of a model. These processes are attentional, retentional, mo-
tor reproductive, and motivational.

Attentional processes have to do with the individual observing the rele-
vant aspects of the model’s behavior and its consequences. Various studies 
have demonstrated that, if the observer does not attend to the model or at-
tends to irrelevant aspects of the model’s behavior, little learning will take 
place (e.g., Warden & Jackson, 1935). As we saw earlier, a number of variables 
affect the extent to which an observer attends to the appropriate aspects of a 
model’s behavior.

Once an individual is attending to the relevant aspects of the model’s be-
havior, Bandura reasons, retentional processes come into play. These are acts 
the observer performs to aid recall of the model’s behavior. One important re-
tentional process consists of representing the model’s behavior in some way, 
often in words. With the acquisition of language, it is often possible to reduce 
complex behavior to a few words. A cooking student watching a chef make a 
soufflé might say to himself, “He folds the batter; he doesn’t whip it.”

Another important retentional activity consists of repeatedly performing 
the model’s behavior, or a verbal representation of that behavior, in some co-
vert way. After seeing a tennis pro demonstrate the perfect backhand, for ex-
ample, you may covertly imitate that behavior without making any percepti-
ble movement of your arm. Or you might silently repeat some verbal 
representation of the model’s behavior, such as, “Keep the wrist straight.’’

 Query 7:  What sort of process would Bandura say is involved in answering this query?

Bandura’s theory includes other factors that affect the performance of 
modeled behavior. The observer must have the motor reproductive processes 
required to perform the modeled behavior. A child may watch a circus per-
former juggle balls in the air, but he is unlikely to imitate the behavior suc-
cessfully without a good deal of practice. A middle-aged adult may observe a 
skilled dancer perform a dance move yet be incapable of performing it.

Bandura also argues that motivational processes are important, especially 
in determining whether a modeled behavior will be imitated.  According to 
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Bandura, the observer must have an expectation that an imitated behavior 
will produce reinforcement; otherwise, he will not perform it.

These four processes can be easily illustrated. Suppose your aunt points to 
a wall safe and says, “I’m going to open that safe and then lock it again. If you 
can open it, you can keep whatever you fi nd inside.” Your aunt then proceeds 
to open the safe. She turns the dial clockwise to 20, counterclockwise to 40, 
clockwise to 20. She pulls down the handle and swings open the door, then 
immediately closes it.

Now, as you watch your aunt work, you carefully attend to which way she 
turns the safe dial and the numbers at which she stops. You may also repre-
sent her behavior by picturing a little pot-bellied Santa Claus whose measure-
ments are 20–40–20. More likely, however, you repeat to yourself (or perhaps 
aloud), “Right 20; left 40; right 20.”

After Auntie has demonstrated how to open the safe, you may want 
an opportunity to practice the motor skills necessary for opening it. You 
might practice on some sort of cardboard model, for example, or you might 
get an exact duplicate of the safe and practice on it. But whether you will 
imitate your aunt’s behavior, or even attend to it, will depend, according to 
Bandura, on whether you expect to receive something of value after opening 
the safe.

Bandura’s theory has tremendous intuitive appeal. It seems to capture the 
experience of observational learning as humans know it. Probably because of 
this, it is very popular. The theory is not, however, without problems.

We might question, for example, the explanatory value of attentional pro-
cesses. Certainly it is important that the observer attend to the model’s be-
havior. But why does one person attend to a model while another does not? Do 
they really differ in their “attentional processes,” or do they have different 
learning histories?

We might also question the explanatory value of retentional processes. 
People do seem to engage in covert practice of observed skills. Yet bats, pi-
geons, rats, and other animals can learn through observation. Is it realistic to 
assume that such animals learn through the sort of reten tional processes Ban-
dura describes? And if these creatures can learn without sophisticated reten-
tional processes, must we assume that the processes are essential to observa-
tional learning in humans?

If you know that your aunt is rich, that rich people often keep valuable 
things in safes, and that safes are often opened by turning a dial this way and 
that, then you might very well expect that opening the safe will be reinforced. 
But is it the expectation of reward that explains your behavior or the experi-
ences that led to that expectation?

Because of such problems with Bandura’s theory, many researchers prefer 
the reinforcement theory of Miller and Dollard.

Miller-Dollard Reinforcement Theory

It is possible to treat observational learning as merely a variation of operant 
training. According to this view, fi rst proposed by Neal Miller and John Dol-
lard (1941; see Skinner, 1969, for a similar analysis), the changes in an observ-
er’s behavior are due to the consequences of the observer’s behavior, not those 
of the model.
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Suppose, Miller and Dollard suggest, a boy hears his father returning from 
work and runs to greet him. Suppose also that the boy’s younger brother fol-
lows him to the door. If the father greets both boys cheerfully and gives them 
pieces of candy, what behavior has he reinforced? In the case of the elder boy, 
the reinforced behavior is the act of running to the door when his father comes 
home. In the case of the younger boy, the reinforced behavior is the act of imi-
tating his elder brother in going to the door. Put another way, the younger boy 
learns that going to the door when big brother does pays off.

Miller and Dollard performed a number of experiments that supported 
their theory. They found, for example, that rats would learn to follow another 
rat through a maze if such imitative acts were reinforced. They also showed 
that imitation in children was a function of reinforcement. In one study, chil-
dren could get candy from a machine if they manipulated the handle the right 
way. A model used the machine just before the child. In one condition, if the 
child imitated the model’s behavior, the machine provided candy. In another 
condition, the machine provided candy only if the child did not imitate the 
model. The children learned to imitate the model when imitating paid off, 
and they learned not to imitate the model when not imitating the model paid 
off (see also Baer & Sherman, 1964; Baer et al., 1967).

 Query 8:  According to Miller and Dollard, we imitate successful models because 

.

Some psychologists have asked why, if an observer receives reinforcement 
for imitating a model’s behavior, imitative acts occur even when the model is 
no longer present. A boy may see his older brother run to the door, for exam-
ple, but be prevented from imitating this act. Several minutes later, when the 
boy is free, he may run for the door even though his older brother is no longer 
modeling this behavior. This phenomenon seems troublesome at fi rst, but it 
poses no special problem for Miller and Dollard. We often continue to be in-
fl uenced by a stimulus that is no longer present. You may, for example, see an 
ad for a movie on one day and go to the theater the next. The ad is no longer 
present, yet it still affects your behavior. Stimuli generally have their most 
powerful effects immediately, but they may continue to affect behavior long 
after they have disappeared.

A more serious problem with the theory is that imitation often occurs in 
the absence of reinforcement of the observer’s behavior. For instance, the chil-
dren who learned to imitate a model to get candy from a machine later imi-
tated other models in other situations even though they received no reinforc-
ers for imitating these models. If imitative behavior is the product of 
reinforcement, why did the children imitate these models?

Such behavior may be examples of generalized imitation, discussed above. 
We learn not only to imitate a particular behavior by a particular model but 
also to imitate other acts by other models. Observers learn to imitate the be-
havior of successful models and to avoid imitating the behavior of unsuccess-
ful models. They may even learn to imitate unsuccessful models if doing so is 
reinforced. Thus, when very popular public fi gures are in traffic accidents be-
cause of driving too fast or while intoxicated, some of their admirers follow 
their lead. The modeled behavior produces injury, fi nes, or prison terms, so it 
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cannot be considered successful by ordinary standards. But it may also produce 
public attention and sympathy, and these are often reinforcing consequences. 

The Miller-Dollard and Bandura theories are in active contention as ex-
planations of observational learning and will probably remain so for some 
time. Perhaps the real difference between them has to do with different ideas 
about the nature of scientifi c explanation. Bandura’s theory looks for explana-
tion inside the individual, appealing to cognitive processes to account for 
learning. The Miller-Dollard theory looks to the situation and the observer’s 
learning history for an explanation. To choose between these two theories is 
to choose between two different ideas about what constitutes scientifi c 
explanation.

Both theories are dated: Neither takes into account recent developments 
in learning and behavior (see Masia & Chase, 1997, for more on this). But the 
theories are still of value because they encourage basic and applied research 
on observational learning and imitation.

 REVIEW  There are two prominent theories of observational learning. Bandura’s social 
cognitive theory argues, in part, that attentional and retentional processes oc-
curring while the observer is observing a model are crucial. The  Miller-Dollard 
theory assumes observational learning is a form of operant learning; it de-
pends on a history of reinforcement for observational and imitative behavior.

   We  have seen that observational learning is often helpful, but it is not 
always benefi cial. Sometimes it leads to maladaptive behavior, including ag-
gression, crime, and tobacco use.

Applications and Interpretations
Foraging

Surviving means fi nding food, and anecdotal evidence suggests that observa-
tional learning plays a role in that quest. One fascinating report involves Brit-
ish songbirds. J. Fisher and R. A. Hinde (1949; Hinde & Fisher, 1972) reported 
that songbirds made a regular practice of opening milk bottles left on porches. 
It appeared that a few birds learned the trick on their own and were imitated 
by other birds. Similarly, Syumzo Kawamura (1963) noticed that a macaque 
monkey learned to remove sand from sweet potatoes by dipping the potatoes 
into water and that others in the troop then did so. Here, it seems, are very 
clear instances of observational learning.2 

Although evidence of this sort is fascinating, it is of limited scientifi c value 
in understanding the role of observational learning in food gathering. David 
Sherry and B. G. Galef (1984) point out, for example, that the fact that many 
birds are drinking from bottles does not necessarily mean that birds have 
learned to open bottles by watching others do so. They note that the presence 
of a bottle opened by one bird would provide the opportunity for many birds to 
feed without their having learned anything from a model. And, of course, what 

2The potato washing episode has been widely reported, but with some embellishments. One 
claim, for example, was that once a hundred monkeys had mastered the skill, it then spread to 
other troops miles away. Michael Shermer (1997) reports that such claims are unsupported and 
that, in fact, the skill spread slowly and only within the troop.
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one bird can learn on its own (i.e., without observing models), other birds can 
learn on their own. Similarly, the fact that many monkeys wash potatoes does 
not necessarily mean that they learned to do so by watching others: What one 
monkey can learn on its own, others can learn on their own.

Such issues can be resolved only through experimental research. Sherry 
and Galef (1984) captured black-capped chickadees on the campus of the Uni-
versity of Toronto and presented each with a foil-covered plastic cream tub of 
the sort restaurants serve with coffee. Four of the birds spontaneously pecked 
through the foil top and fed on the cream. These four birds then served as 
models for four birds that had not opened the tubs. Each model demonstrated 
the technique for an observer on fi ve trials. Another four birds received fi ve 
trials with a sealed tub but without observing a model. After this, the re-
searchers presented each of the birds with a sealed tub to see what it had 
learned. They found that birds in the vicarious learning group opened the 
tubs, while the untrained group did not. The researchers concluded that some 
birds probably do learn to open milk bottles by observing others do so.

It is easy to see how observing others could contribute to survival. If an 
individual can learn from the mistakes and successes of a model, that may in-
crease its chances of avoiding injury and of fi nding food. For example, Connie 
Gaudet and M. Brock Fenton (1984) studied observational learning in three 
species of bats. They began by training one member of each species to fi nd a 
bit of mealworm from a target fastened to a wall. The bats would fl y to the 
target, remove the food, return to their starting point about two yards away, 
and eat the meal. A bat of the same species was allowed to observe the model 
up to 20 times a day for fi ve days. (Contrary to popular belief, bats are not 
blind.) There were two control groups. In one, the bats were simply put into 
the experimental chamber alone; in the other, the bats were individually 
trained, through reinforcement training, to fi nd the food. The result was that 
the bats that had observed a model learned to fi nd food faster than those that 
were trained through reinforcement. Bats that were placed in the chamber 
without benefi t of a model or training did not fi nd the food.

Some forms of food gathering that may seem innate turn out to be at least 
partly the result of observational learning. You may recall that Zing Yang 
Kuo (1930) found that whether cats killed rats depended partly on whether 
they had ever seen their mothers kill rats. Apparently, modeled behavior plays 
an important part in a cat’s diet.

People undoubtedly learn from one another about how to fi nd food. Some-
times they even learn from other species. Edward Maurice (2005) in his book, 
The Last Gentleman Adventurer, describes one example. Maurice lived among 
the Inuit (Eskimos) in the Canadian Arctic in the early 1900s. He reports that 
polar bears would capture a seal pup in its den, then dangle it in the water 
through a hole in the ice. If the pup’s mother tried to rescue the pup, the bear 
would grab the mother seal. The Inuit learned to imitate this practice, except 
that they used spears and hooks to get the adult seal. Although the practice may 
strike us as inhumane and unsporting, life in the Arctic was harsh and tenuous, 
and it’s clear that people who benefi t from the experiences of others, including 
polar bears, stand a better chance of surviving than those who do not. 

Even in modern society, we tend to observe and imitate the food gathering 
of others, particularly if the model’s efforts have positive consequences. 

 Query 9:  How do you use observational learning in your own  “foraging” efforts?
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Crime and Television

Observational learning is involved in a variety of behaviors that are harmful 
to the observer and others. Experimental research lends strong support, for 
example, to the notion that viewing televised aggression increases aggression 
in children (Huesmann & Miller, 1994).

The best-known experimental studies in this area are those of Albert Ban-
dura and his colleagues. In one famous study (Bandura, Ross, & Ross, 1963), 
nursery school children watched a fi ve-minute videotape of two men, Rocky 
and Johnny, interacting in a playroom. In the video, Johnny plays with toy 
cars, plastic farm animals, and various other appealing toys. Rocky asks 
Johnny to share the toys, but Johnny refuses. Rocky then hits Johnny several 
times with a rubber ball, overpowers him when he tries to defend his prop-
erty, hits him with a baton, and generally gives poor Johnny a rough time. 
Rocky’s aggressive behavior is reinforced because he ends up having all the 
fun. The researchers write:

the fi nal scene shows Johnny seated dejectedly in the corner while 
Rocky is playing with the toys, serving himself generous helpings of 
7-Up and cookies, and riding a large bouncing hobby horse with gusto. 
As the scene closes, Rocky packs the playthings in a sack and sings a 
merry tune, “Hi, ho, hi, ho, it’s off to play I go,” as he departs with the 
hobby horse under his arm and the bulging sack of loot over his shoulder. 
A commentator’s voice announces that Rocky is the victor. (p. 602)

After watching the videotape, each child went to a playroom that contained a 
number of toys, including those shown in the fi lm and several others. Each 
child spent 20 minutes in the room while judges watched through a one-way 
mirror and noted how often the child hit a Bobo doll (a large, infl ated doll) or 
performed other aggressive acts. The data indicated that children were far 
more likely to commit aggressive acts if they had seen a model reinforced for 
the same behavior. The similarity of the children’s behavior to that of the 
model was sometimes striking. At the end of one session, a little girl who had 
imitated a good deal of Rocky’s behavior looked at the experimenter and 
asked, “Do you have a sack here?” (p. 605).

 Query 10:  A child watches a TV show in which a child is spanked for stealing. What 
two things is the child likely to learn from observing this?

There is good reason to believe that criminal activity is also strongly af-
fected by observational learning. Bandura (1973) notes that, thanks to televi-
sion, both children and adults have unlimited opportunities to learn “the 
whole gamut of felonious behavior within the comfort of their homes” (p. 101). 
As Bandura points out, people often put such learning to use: “Children have 
been apprehended for . . . sniping at strangers with BB guns, for sending threat-
ening letters to teachers and for injurious switch blade fi ghts after witnessing 
similar performances on television” (p. 101f.). 

The studies reported in this chapter suggest that people are unlikely to 
imitate criminal acts unless the model’s behavior is reinforced. But television 
crime often is reinforced. Otto Larsen and his co-workers (1968) found that in 
television programs intended for children, TV characters achieved their goals 
by violent or illegal acts 56% of the time. Casual observation suggests that 
this fi gure would be much higher today. It is not very surprising, then, that a 
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longitudinal study found that the more time children spent watching televi-
sion at age 8, the more likely they were at age 30 to have been convicted of a 
serious crime (reported in DeAngelis, 1992).

Although the role of television in promoting criminal behavior, particu-
larly violent acts, is still disputed by some, the issue seems to be pretty well 
settled. A panel of experts, including members of the American Academy of 
Pediatricians, American Psychological Association, American Academy of 
Child and Adolescent Psychiatry, and American Medical Association, re-
viewed more than a thousand studies conducted over a 30-year period on the 
effects of violence on television and in fi lms on aggressive behavior in chil-
dren (Wyatt, 2001). The panel concluded that the evidence for a causal connec-
tion was “overwhelming.” 

Could we reduce the crime rate by airing programs in which criminal be-
havior usually has immediate negative rather than positive consequences? It 
certainly seems likely, based on what is known about vicarious punishment. 
One of society’s reasons for punishing criminals is to discourage others from 
committing crimes. This is nicely illustrated by the story of a horse thief who 
was condemned to the gallows. “I think it very hard,” the man complained, 
“to hang a man for stealing a horse.” The judge replied, “You are not to be 
hanged for stealing a horse. You are to be hanged so that others will not steal 
horses.” It is not recorded whether the thief found the judge’s comments com-
forting, but potential horse thieves likely found other occupations.

 REVIEW  The value of observational learning in adaptation now seems indisputable, but 
observational learning can also lead to behaviors that are counterproductive. 
Aggression, crime, and tobacco use provide important examples of how obser-
vational learning can work against us.

Aggressive and criminal behavior are not the only kinds of undesirable activity con-
tributed to by observing models. The hazards of smoking cigarettes are well known, 
even to the young, yet every year many young people, most of them preteens, take 
up smoking. Why?

Observational learning seems to have a great deal to do with it. A survey of chil-
dren aged 10 to 14 found that kids this age are much more likely to begin smoking if 
they have seen movies in which actors smoked (Sargent et al., 2005). The surveyors 
asked which of 50 randomly selected popular fi lms the children had seen. Then the 
researchers tabulated the number of times each child has seen people smoking in 
the fi lms. After controlling for parental smoking and other variables, the researchers 
found that kids who had seen the most smoking in the fi lms were more than two and 
half times as likely to start smoking as those who had seen the least smoking. 

Teens start smoking partly because they observe people they admire smoking. 
In addition, the consequences of smoking for fi lm models are often positive—they 
defeat their enemies, they reach their goal, they get the girl. People who smoke in 
fi lms rarely suffer from emphysema, heart disease, stroke, cancer—or even smoker’s 
cough or bad breath. Our ability to be led astray by fi ctional models who experience 
fi ctional successes appears to be an unfortunate by-product of our evolution.

Smoke Gets in Their Eyes
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REVIEW QUESTIONS

 1. Defi ne the following terms in your own words:
attentional processes  observational (or vicarious) learning
generalized imitation retentional processes
motivational processes vicarious punishment
motor reproductive processes vicarious reinforcement

 2. Why has observational learning received less attention than other forms 
of learning?

 3. If observational learning can lead to the widespread use of certain prac-
tices, how can one determine whether those practices are innate or 
learned?

 4. Given what you know about observational learning, what advice would 
you give a friend whose children watch four to fi ve hours of TV daily?

 5. How could you use observational procedures to create a fad on a college 
campus?

 6. How might the value of Bandura’s retentional processes be tested 
 experimentally?

 7. If you wanted to ensure that an observer would learn from a model, what 
sort of model would you choose?
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 8. How would you determine whether reptiles can learn through 
observation?

 9. How could you teach a child to tie her shoes without using modeling?

 10. Studies of observational learning of aggression usually involve children. 
Why?

 11. After Marilyn Monroe died, apparently by suicide, several other people 
took their own lives. Explain these copycat suicides.

 12. Why do so many fads get started by rock groups and movie stars?

 13. Design an experiment to determine the role of delayed reinforcement of a 
model’s behavior in observational learning.

 14. How might superstitious behavior be acquired through observational 
experiences?

 15. What is the chief difference between the Miller-Dollard theory and Ban-
dura’s theory of observational learning?

 16. According to the Miller-Dollard theory, observational learning is merely a 
form of operant learning. Describe the researchers’ reasoning.

 17. Design a study to determine whether Kawamura’s monkeys really learned 
to wash potatoes by observing models.

 18. Suppose you proved that observational learning ability improves mark-
edly as children develop speech. How would Bandura account for this 
fi nding? How would Miller and Dollard account for it?

 19. How might our view of human nature differ if psychologists had never 
succeeded in demonstrating observational learning in animals?

 20. If you could learn in only one way (through Pavlovian, operant, or obser-
vational procedures), which would you choose?

PRACTICE QUIZ

 1. Observational learning can be defi ned as a change in behavior due to the 
experience of .

 2. There are two basic observational learning procedures, 
 reinforcement and  

punishment.

 3. Generally, the ability to learn from models  
(increases/decreases) with age.

 4. The tendency to imitate models even when the modeled behavior is not 
reinforced is called  imitation.

 5. Observational learning is affected by characteristics of the model. For 
example, models are more likely to be imitated when they are 

.

 6. Viki was a .

 7. Bandura’s theory relies on four processes. These include 
 and  processes.
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 8. The Miller-Dollard theory says that the tendency to observe and imitate 
models depends on reinforcement of the ’s behavior.

 9. Zing Yang Kuo found that cats were far more likely to kill rats if they 
had  .

 10. Anecdotal evidence from Edward Maurice suggests that the Inuit people 
learned from observing the hunting strategies of .

QUERY ANSWERS

Query 1. The basic question posed by observational learning is, Can one in-
dividual benefi t from the experiences of another?

Query 2. Early efforts to demonstrate observational learning failed. Other 
researchers observed this and learned that such research did not pay off.

Query 3. Observational learning may be defi ned as a change in behavior due 
to the experience of observing a model.

Query 4. Generalized imitation is the tendency to imitate modeled behavior 
even when imitation of the behavior is not reinforced.

Query 5. Model characteristics are important because they can induce the 
observer to observe the model’s behavior.

Query 6. Two important variables in observational learning are the conse-
quences of the model’s behavior and the consequences of the ob server’s 
behavior.

Query 7. Bandura might say the query involves an attentional process be-
cause it draws attention to certain parts of the text. Or he might say it in-
volves a retentional process because it might induce behavior that improves 
recall.

Query 8. According to Miller and Dollard, we imitate successful models 
because imitating successful models has had reinforcing consequences in 
the past.

Query 9. Answers will vary. However, if you have ever been hungry and fol-
lowed other people you knew were also hungry, you have used observational 
learning to “forage” for food.

Query 10. The child is likely to learn (a) that you shouldn’t steal (or, that if 
you do steal, you shouldn’t get caught), and (b) when you do not like the way 
people behave, you should hit them. Please note: Whether the creator of the 
TV show intends to teach these two things is irrelevant.

Workbook Chapter 3 includes:Active Learning

Workbook Chapter 9 includes exercises on:

• Experiences that produce observational learning
• The distinction between observational learning and imitation
• Generalized imitation
• Variables affecting observational learning
• Theories of observational learning
• Applications and interpretations
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C H A P T E R

10
Generalization, 
Discrimination, and 
Stimulus Control

BEFORE YOU BEGIN . . .

What is stimulus generalization?

What kinds of learning generalize?

Can there be too much generalization?

If you plot generalization on a graph, what does it look like?

Is generalization based on physical features or on abstract ones?

Reinforced behavior generalizes, but what about behavior that is 
punished or extinguished?

What is discrimination, and what are some ways of doing discrimi-
nation training?

What is stimulus control, and how is it established?

How are generalization and discrimination to be explained?

What are some everyday concepts and problems that can be ana-
lyzed in terms of generalization and discrimination?

IN THIS CHAPTER . . .

Generalization

box: Generalized Therapy

Discrimination

Stimulus Control

box: Stimulus Control and Adaptation

Theories of Generalization and Discrimination

Generalization and Discrimination in the Analysis of Behavior

Recommended Reading

Review Questions

Practice Quiz

Query Answers
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When you’ve seen one redwood tree, you’ve seen them all.

Ronald Reagan

Like—but oh! How different!

William Wordsworth

In the harsh, icy land of the Canadian Arctic, hunting seals was a basic 
survival skill for the Inuit people. Before the arrival of Europeans and their 
rifl es, Inuit hunted with spears. To make a kill, they had to get close to 

their prey, which was not easy because there is little cover in the Arctic. Seals 
could see a man long before he posed a threat and easily slip down an ice hole 
or off the edge of an ice sheet and disappear into the ocean. The hunter’s solu-
tion was to approach while imitating the seals themselves. The hunter 
crouched low and crept forward, occasionally raising his head as the seals 
themselves do. Proceeding slowly, if the hunter were lucky he got close enough 
to a seal to drive home his spear.

Edward Maurice (2005), who lived among the Inuit in the early days of the 
last century, tells us that one day a little Inuit boy was playing in the village.1 
He pretended to be a hunter in pursuit of seals. He lay on the ground and crept 
along, now and then raising his head to look around, just as a hunter would do 
in imitation of a seal. Unfortunately, his play-hunting adventure ended tragi-
cally: The village sled dogs saw the boy and, evidently taking him for a seal, 
attacked and killed him.

This sad story illustrates three important learning concepts: Generaliza-
tion, discrimination, and stimulus control. Much of the research on these top-
ics is done with pigeons and rats and involves pecking disks and pressing le-
vers. Such experiments are essential to understanding these basic phenomena, 
but to students they often seem remote from everyday experience. As you 
read about these experiments, keep in mind the Inuit hunters, the seals, and 
the tragic story of the boy on the ice.

Generalization
Generalization is the tendency for behavior to occur in situations different 
from the one in which the behavior was learned.2 Generalization is some-
times defi ned more narrowly as the tendency to respond to stimuli not pres-
ent during training. This defi nition is perhaps a better fi t with laboratory 
measures of generalization, where the environment is made constant except 
for one or two features, such a light or a tone. But stimuli never really occur 
alone; they are always part of a context, a situation. So it is fair to say that 
with generalization, what we learn in one situation carries over, or transfers, 

1Mr. Maurice and his wonderful book were introduced in Chapter 9.
2This is called stimulus generalization, to distinguish it from response generalization. The 
latter has to do with the variations in behavior that occur in the presence of a given stimulus. 
In this text, the term generalization refers only to stimulus generalization.
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to a different situation. We could say that in generalization the behavior “trav-
els” from one place to another.

Some examples may clarify the phenomenon. In Pavlovian conditioning, 
a dog may learn to salivate to the sound of a tuning fork vibrating at 1,000 cy-
cles per second (cps). After this training, the dog may then be found to salivate 
to the sound of a tuning fork vibrating at, say, 950 cps to 1,100 cps, even 
though it was never exposed to these stimuli. The conditional response 
spreads, or generalizes, to stimuli somewhat different from the CS.

The famous Watson and Rayner (1920) study (see Chapter 4) provides an-
other example of the generalization of a conditional response. You will recall 
that Little Albert learned to fear a white rat. After establishing this fear, Wat-
son and Rayner tested Albert to see whether other stimuli would frighten 
him. They presented Albert with a rabbit, raw cotton, and a Santa Claus mask. 
None of these stimuli had been around when Albert learned to fear the rat, 
yet Albert was afraid of them, too. Albert’s fear had spread, or generalized, 
from the white rat to other white, furry objects.

Perhaps the fi rst report of generalization following reinforcement came 
from Thorndike (1898). He observed that “a cat that has learned to escape from 
[box] A by clawing has, when put into [box] C or G, a greater tendency to claw 
at things than it instinctively had at the start” (p. 14).3 In other words, claw-
ing generalized from box A to boxes C and G.

Those who followed Thorndike studied operant generalization in a more 
rigorous manner. In a typical experiment, a pigeon might receive food when it 
pecks a yellow disk. After this training, the bird is given the opportunity to 
peck the disk, but sometimes the disk is yellow, sometimes a yellowish or-
ange, sometimes dark orange, and sometimes red. Regardless of the color, 
pecking is no longer reinforced. The experimenter records the number of 
times the bird pecks each colored disk. The inevitable outcome is that the 
bird pecks the disk most often when it is the same color used during training, 
but it also pecks the disk when it is other colors (Guttman & Kalish, 1956).

Generalization is not restricted to highly specifi c behaviors, such as disk 
pecking. Broader behavioral tendencies also generalize. You might recall from 
Chapter 8 that Robert Eisenberger and his colleagues (Eisenberger, 1992; 
Eisenberger & Cameron, 1996; Eisenberger et al., 1982) found that rewarding 
people for making a strong effort on one task increases the level of effort made 
on other tasks, a phenomenon they call learned industriousness (see Chap -
ter 8). This means that trying hard, if reinforced in one situation, may gener-
alize to another situation even though “trying hard” is not a specifi c act.

But generalization cannot be taken for granted. D. E. Ducharme and S. W. 
Holborn (1997) conducted a social skills training program with fi ve hearing-
impaired preschool children. The training program produced high, stable rates 
of social interaction in that setting. However, the social skills did not general-
ize well to other teachers, to peers, or to activities different from those used in 
training.4

3Thorndike (1898) wrote that “any reaction . . . to totally new phenomena, when fi rst experi-
enced, will be called instinctive” (p. 14). In other words, we react to new situations on the basis 
of genetic dispositions, not learning. But are there any “totally new” situations, or is every-
thing we experience a variation of some other experience?
4Ducharme and Holborn modifi ed their program to increase generalization.
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One way to increase generalization is to provide training in a wide variety 
of settings. This has implications for education. Many educators assume that 
once a student understands a principle, such as the Pythagorean theorem or 
the refraction of light by water, the student is then able to apply it in any 
number of situations without additional practice. In fact, even with under-
standing, practice in a variety of situations is usually essential.

Sometimes the failure to generalize is a good thing. A behavior that is 
useful in one situation is not always helpful in another. Thorndike (1898) no-
ticed, for example, that a cat that had learned to escape from a box by pulling 
on a loop would later paw at the same spot—even though the loop had been 
removed! In the same way, a college student whose off-color jokes get big 
laughs in the dormitory may later fi nd that the same jokes are not appreciated 
at the family dinner table.

C. S. Dweck and N. D. Repucci (1973) showed how generalization can 
work against a teacher and her students. Teachers fi rst gave students unsolv-
able problems. Later these teachers gave the students problems that could be 
solved, but the students failed to solve them. Perhaps the tendency to give up 
generalized from the fi rst situation to the second. This seems to be the case, 
because when a different teacher gave the students solvable problems, they 
were successful.

Generalization can also make problem behaviors more troublesome than 
they would otherwise be. For instance, if punching a large infl ated doll is re-
inforced, children later tend to be more aggressive when interacting with 
other children (Walters & Brown, 1963). There is a substantial difference be-
tween an infl ated doll and a child, yet the behavior generalized from one to 
the other.

Sometimes the results of generalization are tragic. Every year in Ameri-
ca’s national parks people are injured by bears. Most of these cases probably 
involve generalization. For example, bears will sometimes attack people when 
the people get near a blueberry patch or other source of food. The bear may 
have driven off bears and deer that compete with it for food, and this behavior 
may then generalize to people, though people are not usually competing for 
the bear’s food. The dogs that attacked the Inuit boy were also generalizing. 
These dogs would readily attack a real seal and kill it, and this behavior gen-
eralized to the boy who pretended to be a seal.

Humans also make tragic generalization errors. Many bear attacks occur 
when people approach wild bears as though they were pets. One man wanted 
to get a photograph of his young daughter with a bear, so he urged her to go up 
to the bear with some food. The girl was lucky that she lost only a fi nger.

Generalization also appears to be involved in hate crimes. Following the 
horrifi c attacks against the United States by Arab extremists on September 11, 
2001, many people of Arab descent living in the United States, some of them 
American citizens, were assaulted. No doubt in most instances the victim’s 
only crime was physically resembling those who had committed crimes.

Generalization Gradients

The fact that a behavior generalizes from one situation to another does not 
mean that the behavior is equally likely to occur in all new situations. Its oc-
currence is not arbitrary, however, but has “a pattern and sense” (Guttman, 
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1963, p. 144). Learned behavior is most likely to appear in situations that 
closely resemble the training situation.

This can be demonstrated by training an animal to behave in a particular 
way in the presence of a stimulus and then presenting several new stimuli 
that resemble that stimulus to varying degrees. The typical fi nding is that the 
more similar a novel stimulus is to the training stimulus, the more likely the 
participant is to behave as though it were the training stimulus. When these 
results are plotted on a curve, they yield a fi gure called a generalization 
gradient. 

 Query 1:  A generalization gradient shows the tendency for a behavior to occur in situa-

tions that differ systematically from  .

Carl Hovland (1937a) produced a generalization gradient following Pavlov-
ian conditioning. He began by training college students to respond to a tone. 
The US was a mild electric shock, and the UR was the galvanic skin response, 
or GSR (a measure of emotional arousal). The CS was a tone of a particular 
pitch. After 16 pairings of the CS and US, Hovland then presented four tones, 
including the CS. The results showed that the less a stimulus resembled the 
CS, the weaker the CR was. Hovland plotted the data to produce the general-
ization gradient shown in Figure 10-1.

Another sort of generalization gradient is illustrated in Figure 10-2. This 
gradient is the product of a classic study by Norman Guttman and Harry Kal-
ish (1956). In their experiment, birds learned to peck a disk of a particular 
color and later had the opportunity to peck disks of various colors, including 
the color used in training, for 30 seconds each. Pigeons pecked the disk most 
frequently when it was the color used during training, but they also pecked 
the disk when it was other colors. As the generalization gradient reveals, the 

Image not available due to copyright restrictions
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more closely the disk resembled the training disk, the more often the birds 
pecked it. If a disk were almost the same color as the training disk, the birds 
pecked at it almost as much as if it were the training disk; if the disk were a 
very different color, the pigeons seldom touched it.

 Query 2:  Fire drills are meant to teach appropriate behavior during a fi re, yet people 
don’t always behave during fi res as they do during drills. Why?

The generalization gradients depicted here are typical of those found in 
learning texts, but it would be a mistake to assume that all generalization 
gradients are more or less alike. The form of the gradient depends on many 
variables, including the amount of training, the method of testing for general-
ization, and the kind of stimuli involved (Honig & Urcuioli, 1981). Neverthe-
less, there is a systematic relationship between behavior in the presence of a 
stimulus and the similarity of that stimulus to stimuli present during train-
ing. That systematic relationship is usually based on some physical aspect of 
the stimuli in question. However, generalization can be based on more ab-
stract features, as studies of semantic generalization make clear.

Semantic Generalization

Most studies of generalization, like those just described, are based on the 
physical properties of the stimuli involved—color, size, shape, pitch, loudness, 
and so on. But learned behavior sometimes generalizes on the basis of an ab-
stract feature. This phenomenon is known as semantic  generalization.

Gregory Razran (1939) did what may have been the fi rst study of semantic 
generalization. Razran had three adults chew gum, lick lollipops, or eat sand-
wiches to make them salivate. As they ate, they watched the words style, urn, 
freeze, and surf fl ash on a screen. Then Razran presented the words alone and 
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Figure 10-2 Generalization gradient. When pecking a disk of a particular color (in this 
case a wavelength of 550 nanometers) had been reinforced, pigeons were likely to peck 
that disk at a high rate. However, they would also peck disks that were similar to the 
original disk. (After Guttman and Kalish, 1956.)
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collected saliva in cotton balls that rested under each individual’s tongue. 
Razran weighed the cotton after each testing period to determine the effec-
tiveness of the procedure: The heavier the cotton, the stronger the CR.

After the people had learned to salivate at the sight of the words, Razran 
showed them words that were either homophones (words with similar sounds, 
but different meanings, such as stile, earn, frieze, serf ) or synonyms ( fashion, 

The patient was a 37-year-old woman who stood 5 feet 4 inches and weighed 47 
pounds. She looked like a survivor of a Nazi concentration camp, but the emaciation 
that threatened to kill her was due to self- starvation. She had a mysterious aversion to 
eating called anorexia.

Arthur Bachrach and his colleagues (1965) took on the task of ending this woman’s 
self-destructive refusal to eat. They used shaping and reinforcement principles to get 
her to eat more. The strategy worked, and she gained enough weight to be released 
from the hospital. But what would happen when she went home? Would she go back 
to starving herself again, or would the effects of the therapy generalize to the new 
situation?

The problem of generalization is critical for therapists: There is little value in 
changing behavior in the hospital or clinic if those changes do not carry over to the 
home and workplace. One way to attack the problem of generalization is to try to alter 
the natural environment so that appropriate behavior continues to be reinforced at a 
high rate. Bachrach and his co-workers used this approach. They asked the patient’s 
family to cooperate in various ways. Among other things, they asked the family to 
avoid reinforcing invalidism, to reinforce maintenance of weight by, for example, com-
plimenting the patient’s appearance, and to encourage her to eat with other people un-
der pleasant circumstances.

With reinforcement of appropriate behavior in the home, the behavior might then 
generalize to other settings. The reinforcement that naturally occurs in these settings 
would, it was hoped, maintain the desired behavior. The hope seems to have been ful-
fi lled. For instance, the patient attended a social function at which refreshments were 
served. It had always been the woman’s custom to refuse food on such occasions, but 
she surprised everyone by asking for a doughnut. All eyes were on her as she devoured 
the snack, and she later admitted that she got considerable pleasure from all the 
attention.

Generalization is not always established this easily (Holland, 1978; Miller & Sloane, 
1976; Wolf et al., 1987). The juvenile delinquent who acquires cooperative social skills 
in a special rehabilitation center and then returns to a home and community where ag-
gressive, antisocial acts are reinforced and cooperative behavior is punished is apt to 
revert to old habits. The chain-smoker who quits while on a vacation with nonsmokers 
must return to a world of smoke-fi lled rooms. The rehabilitated and repentant child 
abuser returns to a neighborhood fi lled with naive and easily seduced children. The 
problem of getting therapeutic gains to generalize to the natural environment is one of 
the most diffi cult the therapist faces, but understanding the principles of generalization 
helps.

Generalized Therapy
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vase, chill, wave) of the words used in training. The idea was to determine 
whether the CR would generalize more to words that had similar sounds or to 
words that had similar meanings. The results showed that the participants 
salivated in response to the homophones. However, they salivated even more 
in response to the synonyms. Thus, although there was some generalization 
based on the sounds of the words, there was even more generalization based 
on word meanings (see Figure 10-3).

 Query 3:  The Razran study involved the kind of training procedure called  

 .

Semantic generalization has been demonstrated in a number of other stud-
ies. John Lacey and his colleagues (1955), in a study with college students, 
paired farm words such as corn with electric shocks, so that they became con-
ditional stimuli that would elicit an increase in heart rate. Then the research-
ers presented words that were semantically related (other farm words such as 
cow, plow, tractor) but that had never been paired with shock. They found 
that these related words also caused hearts to beat faster. Words that were not 
related to farming did not have this effect.

Studies of semantic generalization demonstrate that, at least among hu-
mans, generalization can be based on abstract concepts as well as physical 
properties. It is easy to see how this phenomenon might be important in hu-
man affairs. For example, in the United States during World War II, the word 
Japanese was often paired with unpleasant words such as dirty, sneaky, cruel, 
and enemy. The work of Carolyn and Arthur Staats (see Chapter 4) showed 
that such pairings are likely to result in the word Japanese eliciting negative 
emotional reactions. The work on semantic generalization suggests that such 
emotional responses may generalize to other, semantically related words, 
such as Oriental and Asian.

It is reasonable to suppose that there is generalization from words to the 
people the words represent. This is of more than theoretical interest. During 
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Figure 10-3 Semantic generalization. Average amount of saliva (in milligrams) secreted 
in response to words used in training (CSs) and to synonyms (Syns) and homophones 
(Homs) of those words. (Compiled from data in Razran, 1939.)
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World War II, people with Japanese surnames living in the United States were 
treated with suspicion and hostility. Over 100,000 of them, many of them 
American citizens, had their property confi scated without due process of law 
or compensation, as required by the Constitution, and were then thrown into 
concentration camps.5 Their only crime was that they were of Japanese ances-
try (Robinson, 2001; Smith, 1995).

 Query 4:  Racial prejudice probably involves      generalization.

Of course, positive emotions generalize in the same way. When an Ameri-
can president takes an action that is favorable to another country, Americans 
visiting that country are welcomed and treated kindly, even though they had 
nothing to do with the president’s action. Positive  emotions toward the presi-
dent generalize to other Americans. Thus, semantic generalization appears to 
play an important role in prejudice and other kinds of emotional behavior.

Generalization Following Extinction and Punishment

Studies of generalization usually involve the tendency of behavior that is re-
inforced in one situation to spread to another situation. But generalization is 
not limited to reinforced behavior; changes in behavior produced by extinc-
tion and punishment also spread beyond the training situation.

For example, R. E. P. Youtz (reported in Skinner, 1938) trained rats to press 
a horizontal lever for food and then put the behavior on extinction. After this, 
he tested the rats in a chamber with a vertical lever. He found that the effects 
of the extinction procedure reduced the rats’ tendency to press the new lever. 
Youtz trained other rats to press the vertical lever, then put the behavior on 
extinction and tested them on the horizontal lever. Again, he found that the 
effects of extinction spread to the new situation. Overall, the extinction pro-
cedure reduced the tendency to perform in a similar situation by 63%.

Another example of the generalization of extinction is provided by Carl 
Hovland’s (1937a) famous study, described earlier. After pairing a tone with 
shock, Hovland repeatedly presented the tone alone. After this extinction pro-
cedure, he measured the conditional response (the GSR) to four tones. He 
found that the effects of the extinction procedure spread to these tones, with 
the greatest generalization to those tones that most resembled the one used 
during extinction.

The suppression of behavior produced by punishment spreads in much the 
same way as the effects of reinforcement and extinction. For example, Werner 
Honig and Robert Slivka (1964) trained pigeons to peck disks of various colors. 
When the birds were pecking all the colors at the same rate, the experiment-
ers began providing brief electric shock on some occasions. They continued 
reinforcing disk pecks but also punished pecking whenever the disk was a 
particular color. The tendency to peck the disk when it was that color de-
clined, of course, but so did the tendency to peck when the disk was other col-
ors. The frequency of pecking varied systematically with the similarity of the 

5They were officially called War Relocation Centers.
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disk to the punished color. Thus, the effects of punishment formed a general-
ization gradient like those seen following reinforcement and extinction. Much 
the same phenomenon has been demonstrated in humans (O’Donnell & Cros-
bie, 1998).

 REVIEW  Generalization is the tendency to behave in situations that are different from the 
situation in which the behavior was learned. The tendency for behavior to 
generalize to new situations varies with their similarity to the training situa-
tion. This tendency can be depicted with a generalization gradient. Most stud-
ies of generalization involve the physical properties of stimuli, but behavior 
sometimes generalizes on the basis of the meaning of a stimulus, a phenome-
non called semantic generalization. The effects of reinforcement generalize, 
but so do the effects of extinction and punishment.

Discrimination
Discrimination is the tendency for behavior to occur in situations that closely 
resemble the one in which the behavior was learned but not in situations that 
differ from it. Discrimination is sometimes defi ned more narrowly as the ten-
dency to respond to stimuli that were present during training but not to stim-
uli that were absent. But, as mentioned earlier, stimuli are always part of a 
context. So with discrimination, what we learn in one situation carries over to 
other situations but only to those that closely resemble the learning situation.

You can see that discrimination and generalization are inversely related: 
The more discrimination, the less generalization. Generalization gradients 
therefore also refl ect the degree of discrimination. A relatively fl at generaliza-
tion gradient indicates little or no discrimination; a steep gradient indicates 
considerable discrimination (see Figure 10-4).

We saw earlier that the more a stimulus resembles the training stimulus, 
the greater will be the degree of generalization. It is therefore clear that the 
less similar a stimulus is to the training stimulus, the greater will be the de-
gree of discrimination. It is often possible, however, to establish a discrimina-
tion between very similar stimuli through discrimination training.

(a) (b)

Figure 10-4 Discrimination and the generalization gradient. A relatively fl at gradient 
(a) indicates little discrimination; a steep gradient (b) indicates considerable discrimina-
tion. (Hypothetical data.)
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Discrimination Training

Any procedure for establishing a discrimination is called discrimination 
training.

 In Pavlovian discrimination training, one stimulus (designated CS+) is 
regularly paired with a US, and another stimulus (designated CS–) regularly 
appears alone. For example, we might put food into a dog’s mouth each time a 
buzzer sounds and give the dog nothing when a bell rings. The result will be 
that the dog will salivate at the sound of the buzzer but not at the sound of the 
bell. At this point, we say that the dog discriminates between the buzzer and 
the bell: It behaves differently in the two situations.

Pavlov (1927) conducted many experiments on discrimination training. In 
one, a dog saw a rotating object. Whenever the object rotated in a clockwise 
direction, the dog received food; when it rotated in the opposite direction, the 
dog got nothing. The dog soon discriminated: It salivated at the CS+ (clock-
wise rotation) but not at the CS– (counterclockwise rotation).

Other experiments yielded similar results. Pavlov’s dogs learned to dis-
criminate between different volumes of a particular sound, different pitches 
of a tone, different geometric forms, and different temperatures. Sometimes 
the level of discrimination achieved was remarkable. One dog learned to dis-
criminate between a metronome when it ticked at the rate of 100 beats a min-
ute and when it ticked 96 times a minute.

In operant discrimination training, one stimulus (designated S+ or SD, pro-
nounced ess-dee) typically indicates that a behavior will have reinforcing con-
sequences, and another stimulus (S– or S∆, pronounced ess-delta) indicates 
that the behavior will not have reinforcing consequences. S+ and S– are dis-
criminative stimuli—i.e., stimuli that are associated with different conse-
quences for behavior.6 To illustrate: We might arrange an experimental cham-
ber so that a rat receives food each time it presses a lever, but only if a lamp is 
on. The result will be that when the lamp is on (S+), the rat presses the lever, 
and when the lamp is off (S–) it does not press. At this point, we say that the 
rat discriminates between the “light on” situation and the “light off” situa-
tion: It behaves differently in the two situations.

Other forms of operant discrimination training are possible, some of them 
much more complicated than this. For example, a behavior may be reinforced 
when a light is on and punished when it is off. Or, the behavior may produce a 
large or particularly desirable reinforcer when the light is on but a smaller or 
less desirable reinforcer when it is off. Or, two stimuli may indicate different 
schedules of reinforcement, such as VR-5 and VR-15. Many other arrange-
ments are possible: Every second lever press might produce food when a lamp 
is on, and every third lever press when a lamp is off. And there are other pos-
sibilities. In all cases, however, one stimulus “pays off” better than another. 
The stimulus that signals the more reinforcing consequence is designated S+ 
(or SD); the stimulus that signals the less reinforcing consequence is desig-
nated S– (or S∆). The essence of discrimination training is the relative rein-

6Some people reserve the term discriminative stimulus for the event that indicates the avail-
ability of reinforcement. However, both S+ and S– are essential for discrimination to occur, and 
therefore “each is a discriminative stimulus” (Keller & Schoenfeld, 1950, p. 118). 
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forcement value of the available options: Discrimination occurs when one 
consequence is more reinforcing than another.7

Difficult discriminations can be shaped by making the S+ and S– (or CS+ 
and CS–) very different initially, then gradually making them more alike. For 
example, in Pavlovian discrimination training, food might be paired with a 
circle but not with an oval; the discrimination is easily learned. On subse-
quent trials, the oval might be more and more like the circle.

A similar procedure is used in operant discrimination training. In a clas-
sic experiment, Karl Lashley (1930) put a rat on a small platform before two 
cards, placed side by side (see Figure 10-5). The cards are distinguishable in 
some way; for example, one may have horizontal stripes, the other vertical. 
One of the cards is locked in place; if the rat jumps at that card, it will then 
fall to the net below. However, the other card is not locked, so if the rat jumps 
toward it the card gives way and the rat lands on the other side. Whichever 
choice the rat makes, it is not hurt and is returned to the jumping stand for 
another trial. The difference is, if it jumps toward the correct card, it receives 
food. The position of the cards varies randomly so that the correct card will 
sometimes be on the right and sometimes on the left. The rat soon learns to 
jump toward the card that results in food.

Today, most experiments on operant discrimination training involve less 
cumbersome and elaborate apparatuses. Typically a rat presses a lever or a pi-
geon pecks a disk. For example, if a rat presses a lever when a buzzer is sound-
ing, it gets food; if it presses during periods of silence, it gets nothing. Or it 
may have access to two levers. If it presses the one on the right, it gets food on 
an FR-5 schedule; if it presses the lever on the left, it gets food on a VR-6 
schedule. Similarly, a pigeon may receive grain if it pecks a disk when a green 
light is on, but not if it pecks when the light is red.

It is amazing what can be accomplished with discrimination training, 
even in birds and rodents. For example, Debra Porter and Allen Neuringer 
(1984) trained pigeons to discriminate between the music of Bach and Stravin-
sky. The birds showed generalization to other, similar composers. When the 
researchers played the music of Telemann, for example, the birds pecked the 
Bach disk; when they played Eliot Carter, the birds pecked the Stravinsky 
disk. Other researchers have trained sparrows (Watanabe & Sato, 1999) and 
carp (Chase, 2001) to make similar discriminations.8

S. Watanabe and co-workers (1995) trained pigeons to discriminate be-
tween paintings by Picasso and those of Monet. The birds not only discrimi-
nated between the pictures used during training but also between pictures by 
these artists that they had never seen before. More than that, the birds were 
then able to discriminate between other painters of these two schools. There 
are no doubt some art instructors who are envious of Watanabe’s success.9

7Jennifer O’Donnell (2001) has suggested an alternative notation system for discrimination 
training: SD, SDp, and S∆ to indicate that the behavior will result in reinforcement, punishment, 
and nonreinforcement, respectively. But if the essential aspect of discrimination is that one 
option is more reinforcing than another, two symbols (such as S+ and S– or SD and S∆) would 
seem to be sufficient.
8It would be a mistake to conclude, however, that these animals acquired an appreciation of 
music comparable to that of people (McDermott, 2007).
9Interestingly enough, the birds did not discriminate so well when the researchers turned a 
painting by Monet upside down, but turning a Picasso upside down made no difference. No 
doubt devotees of modern art will have no difficulty explaining this result.
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These examples of successful discrimination training are apt to give the 
impression that learning subtle discriminations is quite easy. But these stud-
ies show discrimination training under carefully controlled laboratory condi-
tions. Under more natural conditions learning is apt to proceed more slowly. 
All of us have had some experience in discriminating between people who are 
lying and those who are telling the truth. Yet few of us are good at making 
these discriminations. Psychologist Saul Kassin (1997), a specialist in crimi-
nal justice, writes, “In fact, even so-called experts who make such judgments 
for a living—police investigators; judges; psychiatrists; and polygraphers . . . 
are highly prone to error” (p. 222). In addition, the ability to discriminate de-
pends to a large extent on the biological equipment the individual brings to 
the task. Pigeons are quite adept at making visual discriminations, for exam-
ple, whereas rats are better at discriminating on the basis of odor.

Most studies of operant discrimination use one of three training proce-
dures. Let’s look at those now.

 Query 5:  In operant discrimination training, the stimulus that indicates the more 

reinforcing consequence of a behavior is designated  .

Successive, Simultaneous, and MTS Procedures

There are various ways of establishing a discrimination. In successive dis-
crimination training, the S+ and S– alternate, usually randomly. When the S+ 
appears, the behavior is reinforced; when the S– appears, the behavior is on ex-
tinction. For example, a rat may be placed in an experimental chamber with a 

Figure 10-5 Discrimination training. In the Lashley jumping stand, a rat could jump 
toward either of two doors that differed in design. If the rat jumped toward one, the door 
fell open, and it received food. The other door was locked; the rat that jumped toward it 
fell into a net below and received no food. (After Lashley, 1930.)
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lever. Above the lever is a disk that can be illuminated by either of two bulbs, 
one red and one green. Whenever the disk is red, lever pressing produces food; 
whenever it is green, lever pressing has no effect.

In simultaneous discrimination training, the discriminative stimuli are 
presented at the same time. Lashley’s jumping stand (see the earlier discussion) 
is an example of the simultaneous procedure. Today the choice is more likely 
to involve a choice between two levers or two disks, but the idea is the same.

In a procedure called matching to sample (MTS), the task is to select from 
two or more alternatives (called comparison stimuli) the stimulus that 
matches a standard (the sample). The comparison stimuli include the S+—the 
stimulus that matches the sample—and one or more S– stimuli. For example, 
a sample disk on one wall of an experimental chamber may be illuminated by 
either a red or a green light. On some trials the disk will be red, on some trials 
green. After a short time the sample disk goes dark, and two comparison 
disks, one red and one green, are illuminated. The S+ is the disk of the same 
color as the sample. If a pigeon pecks the comparison disk that matches the 
sample, it receives food; if it pecks the other disk, it receives nothing. To ob-
tain reinforcement, the bird must successfully discriminate between the disk 
that matches the sample (the S+) and the one that does not (the S–).

The example of MTS just given is very simple, but the procedure can be 
far more complicated. For example, a bird may be required to peck a disk that 
is different from the sample, a variation of MTS called oddity matching or 
mismatching. The MTS procedure also may be complicated by increasing the 
number of variations in the sample and/or the comparison disks. For example, 
the sample may alternate among red, green, and blue, and the comparison 
disks may be red, green, blue, and yellow.

Errorless Discrimination Training

In the procedures just described, the animal or person undergoing training in-
evitably makes a number of mistakes. If you think about being a rat on Lash-
ley’s jumping stand, you can see that there is no way you can tell which card 
to jump toward on your fi rst trial. No matter how clever you are, you have a 
50% chance of being wrong. Moreover, you could easily be wrong on the sec-
ond trial as well because you don’t yet know if the correct choice is the card 
with the horizontal lines or the card on the left. Thus, even a simple discrimi-
nation can takes some time to develop, and dozens of errors may be made 
along the way. Errors tend to be demoralizing (they punish making an effort), 
so in applied situations it is usually desirable to reduce the number of errors 
that occur during training.

Herbert Terrace (1963a, 1963b, 1964, 1972) found that many of the errors 
that occur in discrimination training could be avoided through a procedure 
called errorless discrimination training. He presented the S+ and reinforced 
appropriate behavior; but instead of presenting the S– in the usual manner, he 
presented it in very weak form and for very short periods. For example, in 
training a pigeon to discriminate between a red disk (the S+) and a green disk 
(the S–), Terrace (1963a) presented the red disk at full strength for three min-
utes at a time. Instead of presenting a green disk for three minutes, he pre-
sented an unlit disk for fi ve seconds. Pigeons are less likely to peck a dark 
disk than a bright one, and the shorter the time the disk is available, the less 
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likely they are to peck it. The result was that the S– was seldom pecked. Grad-
ually, Terrace increased the duration and strength of the S– (beginning with a 
very dark green disk) while reinforcing pecking at the S+. Finally, Terrace was 
able to present the green disk without the bird pecking it.10

 Query 6:  In errorless discrimination training, the          is presented in 

very weak form and gradually “faded in.”

In another study, Terrace (1963b) fi rst established a red–green discrimina-
tion and then used the errorless procedure to establish a discrimination be-
tween a vertical line (the S+) and a horizontal line (the S–). He did this by fad-
ing in a vertical line on the red disk and fading in the horizontal line on the 
green disk. As the vertical and horizontal lines were faded in, the colors were 
faded out, until the birds were pecking a colorless disk with a vertical line and 
ignoring a colorless disk with a horizontal line. (Is Terrace clever, or what?)

With the Terrace procedure, a discrimination can be developed with few 
errors. This is important because errors tend to arouse undesirable emotional 
reactions. Birds trained in the traditional manner, for example, often stamp 
their feet or fl ap their wings when presented with the S–. Birds trained with 
the errorless procedure, however, merely watch the disk calmly until the S+ 
reappears.

Errorless discrimination training has been put to good use outside the lab-
oratory, particularly in teaching young children. Richard Powers and his col-
leagues (1970) found, for instance, that preschoolers learned a subtle color dis-
crimination more quickly and with fewer errors when trained with the Terrace 
procedure than when trained in the traditional manner. Children trained in 
the usual way also became emotionally upset during the S– periods: They 
banged hard on the lever and wandered around the room. In contrast, those 
who learned through the errorless procedure sat quietly when the S– was pres-
ent, patiently waiting for the S+ to appear.

Errorless discrimination training can greatly reduce the number of errors 
made during training. Another way to improve the rate of learning is to make 
use of differential outcomes.

Differential Outcomes Effect

In discrimination training, the behavior required for reinforcement is often 
the same from trial to trial. A pigeon may receive food if it pecks a disk when 
the disk is red, for example, but not when it is green. The behavior is the same 
in either case, but the circumstances under which performing the act is rein-
forced varies. However, in some forms of discrimination training, two or more 
behaviors may pay off. For example, a rat may have access to two levers. When 
a light is illuminated, pressing the lever to the left produces food; when a tone 
sounds, pressing the lever to the right pays off. Over a number of trials, the rat 
will reliably press the lever that produces food.

The question arises: What would happen if the reinforcer varied system-
atically with the behavior? Suppose, for example, that when the light came 

10It might occur to you that Terrace was using a kind of shaping procedure (see Chapter 5).
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on, pressing the left lever resulted in food, but when the tone sounded, press-
ing the lever on the right produced sugar water. Would the difference in out-
comes affect performance?

It turns out that it does. M. A. Trapold (1970) conducted an experiment 
like the one just described and found that rats learned to make the appropriate 
discrimination more quickly and achieved a higher level of accuracy when 
the two behaviors produced different reinforcers. This fi nding—improved per-
formance in discrimination training as a  result of different consequences for 
different behaviors—is called the  differential outcomes effect or DOE (Peter-
son & Trapold, 1980; for an excellent review, see Goeters et al., 1992).

In an experiment using a form of successive discrimination training, J. G. 
Carlson and R. M. Wielkiewicz (1976) presented either a steady tone or a click-
ing sound. When the tone sounded, pressing the right lever produced rein-
forcement; when the clicker sounded, pressing the left lever produced rein-
forcement. For one group of rats, the reinforcer varied consistently with the 
behavior: Correct presses of one lever always produced one food pellet; correct 
presses of the other lever always produced fi ve pellets. In a control group, cor-
rect presses sometimes produced one food pellet, sometimes fi ve pellets, re-
gardless of which lever was pressed. Errors went unreinforced for both groups. 
The result was that consistent differences in outcome for each behavior re-
sulted in faster discrimination and fewer errors.

 Query 7:  The DOE implies that discrimination training can be improved by providing 

different  for different .

In a similar experiment with thoroughbred horses, Yukako Miyashita and 
colleagues (2000) trained horses to press one of two levers, depending on the 
color of a center panel. If the panel were blue, a horse was to press the left le-
ver; if the panel were yellow, it was to press the right lever.11 Reinforcers were 
bits of carrot and food pellets. The researchers found that performance was 
best when correct presses on one lever always earned the horse bits of carrot, 
and correct presses of the other lever produced food pellets. Results were 
weaker when pressing either lever produced the same food, or when carrots 
and pellets appeared randomly at one lever or the other.

Normally, training is more effective if reinforcers follow behavior imme-
diately than if reinforcers are delayed. But what if we provide immediate rein-
forcement for one correct behavior and delayed reinforcement for another cor-
rect behavior? Will the DOE still hold?

Carlson and Wielkiewicz (1972) performed just such an experiment and 
found that the DOE did hold. Animals receiving immediate reinforcement 
for one behavior and delayed reinforcement for the other learned the discrimi-
nation faster than animals receiving immediate reinforcement for both 
behaviors.

The DOE has proved to be a robust phenomenon, found in a wide range of 
animals, including pigeons, rats, dogs, chickens, and with a variety of conse-
quences. The DOE may have important implications for discrimination train-

11Apparently, horses do not see the color yellow (Macuda & Timney, 1999). However, as Mi-
yashita and coworkers (2000) note, “Whether the horses saw these colors as we do is not crucial 
for the purposes of our study.”
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ing with people. For example, efforts to teach children to distinguish among 
various fruits may be more effective if correct actions produce different kinds 
or amounts of reinforcement.

The problem of why differential outcomes improve training results is a 
matter for some debate. One theory suggests that different outcomes result in 
different expectations (Peterson, 1984). The trouble with this theory is that 
we then have to explain where the expectations came from. The answer inevi-
tably involves identifying elements in the learning history. Once this is done, 
the expectations are likely to contribute little to our understanding of the 
problem. Susan Goeters and her colleagues (1992) propose that the DOE (and 
presumably, any expectations that may arise) can be accounted for in terms of 
a combination of Pavlovian and operant learning. Unfortunately, their theory 
requires more space than is available here.

After discrimination training—with or without differential outcomes—
the animal or person responds to certain stimuli but not to other, similar 
stimuli. At this point, we can say that the discriminative stimuli exert a cer-
tain amount of control over the behavior—and, therefore, over the person or 
animal.

 REVIEW  When an animal performs an act in the presence of one stimulus but not in the 
presence of another, we say the animal discriminates. The procedure for es-
tablishing a discrimination is called discrimination training. Discrimination 
training may take different forms, including successive, simultaneous, and 
matching to sample. Errorless discrimination training establishes a discrimi-
nation with a minimum of errors, and differential outcomes speed learning.

Stimulus Control
Consider a rat that has learned to press a lever when a light is on but not when 
the light is off. In a sense, you can control the rat’s lever pressing with the 
light switch: Turn it on, and the rat presses the lever; turn it off, and the press-
ing stops. When discrimination training brings behavior under the infl uence 
of discriminative stimuli, the behavior is said to be under stimulus control 
(for a review, see Thomas, 1991).

Rats are not the only creatures, of course, that come under stimulus con-
trol. While you are driving, if you approach an intersection and the traffic 
light turns red, you move your foot to the brake pedal. When the light turns 
green, you move your foot to the gas pedal. Your behavior has, as the result of 
discrimination training, come under the infl uence of the traffic signal. Simi-
larly, you tend to enter stores that have signs that say “Open” and walk past 
stores that are marked “Closed.” People respond to signs that say “Sale,” “Re-
duced Prices,” “Clearance,” “Going Out of Business,” and the like. Retailers 
know the infl uence exerted by such signs and use them to attract shoppers. 
You may have noticed that some retail stores are constantly “going out of 
business.”

Sometimes stimulus control is exerted not by a single stimulus but by a 
complex array of stimuli that, collectively, infl uence behavior. We behave dif-
ferently at a formal ball than we do at a square dance, and behavior that would 
be acceptable at a beach party is unacceptable at a dinner party. The differen-
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tial control exerted by such situations probably has to do with a number of 
stimuli including attire, furniture, food, and the behavior of other people pres-
ent. When a youngster misbehaves, he often defends his actions by saying, 
“Well, everyone else was doing it!” This explanation is partly an appeal to the 
stimulus control exerted by the behavior of one’s peers.

Students often object to the concept of stimulus control, at least as it ap-
plies to people. This is partly because the word control has negative connota-
tions. (Remember Staats and Staats!) And stimulus control does sometimes 
work against our best interests. We may fi nd ourselves eating food we don’t 
need, or particularly want, merely because it is available. The food exerts a 
kind of control over us, as does the “Eat” sign on a restaurant and the photo-
graphs of delicious foods in a menu. Studies have shown that the mere pres-
ence of a weapon increases the likelihood of a violent act (Berkowitz, 1964; 
Berkowitz & LePage, 1967). When social psychologist Leonard Berkowitz 
(1968) warns that while the fi nger pulls the trigger of a gun, the trigger also 
pulls the fi nger, he is talking (perhaps unwittingly) about stimulus control.

But there is another way of looking at stimulus control. Discriminative 
stimuli give us a kind of power. Consider the rat that learns to press a lever 
when a light is on but not when it is off. The light is said to control the rat’s 
behavior, but the rat has also gained control: It no longer wastes time and en-
ergy pressing a lever when doing so is useless. Similarly, the behavior of mo-
torists comes under the control of traffic lights and signs. But it is this stimu-
lus control that permits us to travel more or less safely and efficiently. Without 
stimulus control, traffic jams would be routine and our highways would be 
dangerous gauntlets. In fact, many traffic accidents are attributed to inatten-
tive driving—and what is inattentive driving but a failure of driving behav-
iors to be under the control of relevant stimuli? When you are simultaneously 
driving and talking on a cell phone, the control normally exerted by your sur-
roundings is exerted instead by the phone and the person with whom you are 
talking. When the three kids in the back seat of your car are screaming and 
throwing paper planes, those activities exert control over your behavior rather 
than the traffic light ahead of you.

An understanding of the control exerted by our immediate environment 
can also give us the power to change that environment in helpful ways. Peo-
ple who are overweight can affect how much they eat by avoiding situations 
in which those foods are present. Many people who are overweight have dishes 
of candy about their homes; if they get rid of the candy, it has less opportunity 
to infl uence their behavior. People who want to smoke less can reduce their 
tendency to light up by avoiding areas where smokers congregate.

Researchers have explored ways in which stimulus control can be turned 
to advantage. G. Alan Marlatt and his colleagues (Marlatt & Gordon, 1985; 
see also Hickis & Thomas, 1991) have postulated that one reason drug abusers 
so often relapse after treatment is because they return to an environment in 
which drug use was reinforced in the past. There are lots of cues in those en-
vironments for using drugs. They see the drug peddlers who once sold them 
drugs, they see friends and neighbors “shooting up,” they walk the same 
streets where they walked when they were high on drugs. In such an environ-
ment, it is difficult to continue a life of drug abstinence. The implication is 
that drug treatment must include learning to avoid or cope with the control 
exerted by the addict’s home environment. The situation is analogous to the 
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The tendency to generalize is a blessing bestowed on us by evolution because it has 
survival value. Conditioned taste aversion (see Chapter 4) offers a powerful illustration 
of this fact: Animals and people made sick by a particular kind of food then refuse to 
eat not only that food but other foods that resemble it.

We can see the same sort of benefi t from the generalization of food-gathering 
skills. In hunter-gatherer societies, young boys practice the skills of the hunt by shoot-
ing arrows at leaves. The survival of the group depends not on the boy’s ability to 
shoot a leaf but on his ability to shoot a bird. The mastery of archery skills in the train-
ing situation must, and fortunately does, generalize to other similar situations.

Academic education also would be of little value if what we learned did not gen-
eralize. Schoolchildren do not write essays about their summer vacations because they 
will one day be required by their employers to write about summer activities; they 
write so they will be able to write about other experiences. Similarly, they do not solve 
the problems in an algebra textbook so they will be able to solve those same problems 
later on; they solve them so they will be able to solve other problems.

As with generalization, discrimination plays an important role in survival. The blue 
jay that eats a monarch butterfl y develops a conditioned taste aversion and thereafter 
avoids them (see Chapter 4). But the blue jay has to eat to survive, and it is not helped 
if it avoids eating all kinds of butterfl ies. It continues to eat butterfl ies, but not the 
monarch.

In hunter-gatherer societies, girls learn to collect fruits and vegetables for food. 
They must be able to tell the difference between an edible plant and a poisonous one. 
They also learn to collect medicinal plants, and again discriminating is important: 
While some plants heal, others kill.

Discrimination is also important in industrialized societies. The doctor who does 
not discriminate accurately between the symptoms of appendicitis and those of indi-
gestion is in serious trouble—and so is her patient.

The ability to discriminate is imperfect, and animals and humans alike make use of 
this fact. Many animals, called mimics, benefi t from their similarity to toxic animals. 
The viceroy butterfl y closely resembles the monarch, and blue jays that have been 
made sick by eating a monarch also avoid viceroys, though they are not toxic (see also 
Darst & Cummings, 2005).
 Camoufl age may be viewed as an adaptive technique based on the principle of 
generalization. The chameleon escapes its enemies by changing its color to resemble 
that of its background. The more it resembles the surface on which it stands, the less 
likely it is to be eaten. The walking stick, a kind of insect, goes unmolested because it 
resembles a twig. Human hunters wear uniforms that blend in with their surroundings 
so as to escape detection by their prey. Such animal and human disguises are effective 
survival mechanisms because others fail to discriminate between the predator or prey 
and its surroundings.

The anglerfi sh makes use of a different strategy, but it, too, is based on the failure 
of its prey to discriminate. It has a fl eshy protuberance in its mouth, and it sits quietly, 
its mouth agape, and waves this wormy looking bit of anatomy about. Its victim swims 
after what looks like a worm and in doing so literally enters the jaws of death. The an-
glerfi sh profi ts from the inability of its prey to discriminate between its lure and the real 
thing. Some biologists theorize that the rattlesnake’s rattle may also provide a kind of 

Stimulus Control and Adaptation
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man who works in a bakery and becomes overweight because he snacks on 
pastries. He can go to a spa and lose weight, but if he returns to work in the 
bakery he is likely to regain the lost pounds. He must either fi nd another line 
of work or learn skills for resisting the temptations before him every day.

Our environment exerts control over our behavior. Paradoxically, that can 
increase the control we have over our lives.

 Query 8:  Marlatt’s work suggests that drug abuse is partly due to .

 REVIEW  When a discrimination has been established, the behavior is said to be under 
stimulus control. Stimulus control can work for or against us, depending on 
the desirability of the behavior involved.

Theories of Generalization and Discrimination
Three theories of generalization, discrimination, and stimulus control have 
dominated the fi eld: those of Pavlov, Spence, and Lashley and Wade.

Pavlov’s Theory

Pavlov’s theory is physiological. He believed that discrimination training pro-
duces physiological changes in the brain. Specifi cally, it establishes an area of 
excitation associated with the CS+, and an area of inhibition associated with 
the CS–. If a novel stimulus is similar to the CS+, it will excite an area of the 
brain near the CS+ area. The excitation will irradiate to the CS+ area and elicit 
the CR. Similarly, if a novel stimulus resembles the CS–, it will excite an area 
of the brain near the CS– area. The excitation of this area will irradiate to the 
CS– area and inhibit the CR. A similar explanation could be applied to gener-
alization and discrimination following operant learning.

Pavlov’s theory provides an intuitively appealing explanation and, wrapped 
as it is in physiology, it has the smell of science. Unfortunately, the physiolog-
ical events are merely inferred from observed behavior. Pavlov presumed that 
irradiation of excitation occurred because generalization occurred, but there 
was no independent validation of its happening. The theory therefore suffer-
erd from circularity. Pavlov’s ideas have been modifi ed by other theorists, 
however, most notably Kenneth Spence.

lure, citing as evidence the failure of frogs to discriminate between insects and the rat-
tler’s tail (Schuett et al., 1984). As the frog lunges for what it takes to be a meal, it be-
comes a meal itself. Similarly, human fl y-fi shers use lures, and hunters use decoys to 
attract prey within reach of their weapons.

We see, then, that for both humans and animals, generalization and discrimina-
tion play major roles in adaptation. These phenomena greatly enhance—and compli-
cate—the role of learning in survival.
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Spence’s Theory

Kenneth Spence (1936, 1937, 1960) put Pavlov’s physiology aside but kept the 
notions of excitation and inhibition.

Pairing a CS+ with a US results in an increased tendency to respond to the 
CS+ and to stimuli resembling the CS+. Similarly, reinforcement for respond-
ing in the presence of an S+ results in an increased tendency to respond not 
only to the S+ but to similar stimuli. The generalization gradient that results 
is called an excitatory gradient. In the same way, presenting a CS– without the 
US results in a decreased tendency to respond to the CS– and to stimuli re-
sembling the CS–. Likewise, withholding reinforcement when responses oc-
cur in the presence of an S– results in a decreased tendency to respond to that 
stimulus and to similar stimuli. The generalization gradient that results is 
called an inhibitory gradient.

Spence proposed that the tendency to respond to any given stimulus was 
the result of the interaction of the increased and decreased tendencies to re-
spond, as refl ected in gradients of excitation and inhibition. Consider a dog that 
is trained to salivate to the sound of a high-pitched tone, and another that is 
trained not to salivate to the sound of a low-pitched tone. The fi rst dog will 
show generalization of excitation around CS+; the second will show generaliza-
tion of inhibition around CS–. We can plot the excitatory and inhibitory gradi-
ents that result and place them next to one another, as depicted in Figure 10-6. 
Notice that the two curves overlap.

Discrimination training produces much the same effect within an indi-
vidual. That is, the increased tendency to respond to stimuli resembling the 
CS+ (or S+) overlaps with the decreased tendency to respond to stimuli resem-
bling CS– (or S–). What Spence proposed was that the tendency to respond to a 
novel stimulus following discrimination training would be equal to the net 
difference between the excitatory and inhibitory tendencies. In other words, 
the tendency to respond to a novel stimulus will be reduced by the tendency 
not to respond to that stimulus.

CS– CS+

Low Tone High

Figure 10-6 Spence’s theory of generalization and discrimination. CS+ training pro-
duces a gradient of excitation; CS– training produces a gradient of inhibition. The ten-
dency to respond to a stimulus near the CS+ is reduced to the extent that it resembles the 
CS–. The tendency not to respond to a stimulus near the CS– is reduced to the extent that 
it resembles the CS+.
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Consider a hypothetical experiment in which a pigeon is trained to peck 
an orange disk but not a red one. After training, we give the bird the opportu-
nity to peck the disk when it is a variety of colors, from pale yellow to deep red. 
What color disk will it peck most often? We know that if the bird had merely 
received food for pecking the orange disk, it would peck that same color most 
often. But discrimination training, according to Spence, should result in inhi-
bition of the tendency to peck stimuli resembling the S–. Spence’s theory there-
fore predicts that the peak of responding will not occur at the S+ but at a stim-
ulus further away from the S–. In other words, the peak of responding will not 
be on the orange disk but on one that is even less reddish (less like the S–).

This prediction, made in the 1930s, was actually confi rmed in the 1950s 
in an experiment much like that just described. H. M. Hanson (1959) trained 
pigeons to peck a yellowish-green disk (550 nm, or nanometers, a measure of 
wavelength) and not to peck a slightly more yellowish (560 nm) disk.12 A con-
trol group of birds did not undergo discrimination training but did receive 
food for pecking the yellowish-green disk. After training, Hanson let the birds 
peck disks of various colors, from yellow to green. The control group showed 
a peak of responding to the discriminative stimulus. Birds that had received 
discrimination training, however, showed a shift away from the S–; their peak 
of responding was to a stimulus of about 540 nm (see Figure 10-7). This phe-
nomenon, called peak shift, has proved to be a robust phenomenon (Purtle, 
1973; Thomas et al., 1991).

 Query 9:  Suppose Hanson had used a disk of 530 nm as the S–. Where would the peak 
of responding have occurred? (Consider Figure 10-7.)

The ability of Spence’s theory to predict the peak shift phenomenon is im-
pressive. The Lashley-Wade theory also has had its successes.
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Figure 10-7 Peak shift. Pigeons trained to discriminate between an S+ (550 nm) and an 
S– (560 nm) responded more often to a 540 nm stimulus than to the S+. Birds that had 
been trained only on the S– did not show this peak shift. (After Hanson, 1959.)

12A nanometer is 1 billionth of a meter, so a bird that can discriminate between disks of 
550 nm and 540 nm is making a very fi ne discrimination indeed.
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The Lashley-Wade Theory

Karl Lashley and M. Wade (1946) proposed an approach to generalization and 
discrimination that differs from those of Pavlov and Spence. These research-
ers argued that generalization gradients depend on prior experience with stim-
uli similar to those used in testing. Discrimination training increases the 
steepness of the generalization gradient because it teaches the animal to tell 
the difference between the S+ and other stimuli. But the generalization gradi-
ent is not usually fl at even in the absence of training. Why is this so if the gra-
dient depends on training? The answer Lashley and Wade give is that the ani-
mal has undergone a kind of discrimination training in the course of its 
everyday life. A pigeon, for example, learns to discriminate colors long before 
a researcher trains it to peck a red disk. The more experience a pigeon has had 
with colors, especially those resembling the S+, the steeper its generalization 
gradient will be; the less experience the bird has had, the fl atter the gradient 
will be.

The theory implies that if an animal is prevented from having any experi-
ence with a certain kind of stimulus, such as color, its behavior following 
training will be affected. If such a color-naive animal is trained to respond in 
the presence of a red disk, for example, it will later respond just as frequently 
to a green disk. In other words, its gradient of generalization will be fl at.

Several researchers have attempted to test this hypothesis. In the typical 
experiment, animals are reared from birth in the dark to deprive them of ex-
periences with color. Then they are trained to respond to a stimulus such as a 
green disk. After this, the animals are tested for generalization by presenting 
them with disks of other colors and noting the extent to which they discrimi-
nate. The results can be compared to those obtained from animals that have 
been reared normally. If the gradients of the color-deprived animals are fl atter, 
the Lashley-Wade theory is supported; if rearing in the dark makes no differ-
ence in the shape of the gradient, the theory is unsupported.

Unfortunately, the results of such experiments have been ambiguous, 
with one study tending to support the theory and another study tending to 
undermine it. Moreover, interpretation of the results is subject to argument. 
When there is no difference in the gradients of deprived and normally reared 
animals, proponents of the Lashley-Wade theory argue that the rearing proce-
dure did not entirely preclude experience with the relevant stimuli. When de-
privation produces a fl at gradient, opponents of the theory argue that the de-
privation procedure damaged the eyes of the animals so that their physical 
capacity for discriminating colors has been limited. The Lashley-Wade theory 
needs a stronger test than deprivation studies can provide.

If the theory is valid, one argument holds that depriving an animal of all 
experience with a stimulus should not be necessary; merely restricting its ex-
perience with the stimulus during training should be sufficient to support the 
theory. To test this idea, Herbert Jenkins and Robert Harrison (1960) trained 
pigeons to peck a disk. Some pigeons heard a tone periodically; pecking was 
reinforced in the presence of the tone but not during periods of quiet. Other 
pigeons heard the same tone without interruption. In both cases, then, disk 
pecking was reinforced in the presence of a tone; but in one case, there were 
periods of silence during which pecking was not reinforced. Next, the experi-
menters tested all the pigeons for generalization to other tones and to periods 
of silence. They found that those pigeons that had been exposed to periodic 
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tone were much less likely to peck the disk during periods of silence than 
when the tone sounded. The other pigeons, however, pecked the disk just as 
much when the tone was on as when it was off. This much is to be expected 
because the birds that heard the tone constantly had no opportunity to dis-
criminate, whereas those that heard the tone periodically did. But what would 
happen when the pigeons were exposed to different tones, sounds that neither 
group had heard before? The pigeons that had learned to discriminate between 
periods of tone and periods of silence also discriminated between the original 
tone and other tones. Pigeons that had received reinforcement during con-
stant sound did not discriminate between tones (see Figure 10-8). These re-
sults are just what the Lashley-Wade theory would predict.

Not all tests of the Lashley-Wade theory have yielded positive results, but 
it is now generally acknowledged that the steepness of a generalization gradi-
ent depends to some extent on the experience the participant has had with the 
relevant stimuli before training.

No theory of discrimination and generalization has won universal sup-
port, but they have all spurred basic research. Some of this research has pro-
vided insights into problems of theoretical and practical importance.

 REVIEW  Various theories have been proposed to account for generalization and discrimi-
nation. Pavlov explained the phenomena in terms of the irradiation of excita-
tion. In his view, generalization occurs because a stimulus has excited an area 
of the brain near the part of the brain affected by the CS+. Spence believed 
that the net difference between gradients of excitation and inhibition predicts 
the response to novel stimuli. His theory accurately predicted the peak shift 
phenomenon. The Lashley-Wade theory maintains that generalization occurs 
because the animal has had too little experience with the stimuli involved to 
be able to discriminate among them.
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Figure 10-8 Discrimination training and generalization. Representative performance of 
two birds that received food for pecking a disk. The record on the left is from a bird that 
received food for disk pecking during a continuous tone of 1000 cps. The record on the 
right is from a bird that received food for disk pecking when the tone sounded, but not 
during periods of silence. (After Jenkins and Harrison, 1960.)
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Generalization and Discrimination in the Analysis of Behavior
Research on generalization and discrimination has changed the way we think 
about many aspects of our lives. One concept that has changed is the notion 
of the concept itself.

Concept Formation

The word concept usually refers to any class the members of which share one 
or more defi ning features. The defi ning feature allows us to discriminate the 
members of one class from the members of another class. For example, all spi-
ders have eight legs; this distinguishes them from other animals, including in-
sects, that have fewer than or more than eight legs. All ice creams have in com-
mon that they are sweet, cold, and soft, and it is these features that allow us to 
distinguish ice cream from, say, Popsicles, which are sweet, cold, and hard.

It is customary to identify various kinds of concepts (Wasserman, 1995). 
These include simple concepts (cats, fl owers, cars, chairs); superordinate con-
cepts (mammals, vegetables, furniture); and abstract concepts (same versus 
different). A concept is not a thing, however, but, as Fred Keller and William 
Schoenfeld (1950) put it, “only a name for a kind of behavior.” They explain: 
“Strictly speaking, one does not have a concept, just as one does not have ex-
tinction—rather, one demonstrates conceptual behavior by acting in a certain 
way” (p. 154).

Concepts require both generalization and discrimination. One must gen-
eralize within the conceptual class and discriminate between that and other 
classes. So, for example, to understand the concept of spider, one must both 
recognize a variety of spiders when one sees them, including spiders one has 
never seen before, and distinguish between spiders and other critters, such as 
ants and aphids. As Keller and Schoenfeld put it, “Generalization within 
classes and discrimination between classes—this is the essence of concepts” 
(p. 154f).13

One way concepts are learned is through discrimination training. Rich-
ard Herrnstein and his colleagues performed a series of brilliant experiments 
in which they used discrimination training to teach various concepts to pi-
geons. In one study, Herrnstein (1979) projected photographic slides on one 
wall of an experimental chamber. Some of the slides included one or more 
trees or parts of trees; the others did not. The birds received food if they pecked 
a disk, but only if the picture currently on their wall included a tree. Herrn-
stein was amazed at how rapidly the birds learned to discriminate between 
photographs with trees and those without them. Thus, the birds appear to 
have learned the concept “tree.”

In another study, Herrnstein and his colleagues (Herrnstein, Loveland, & 
Cable, 1976) taught pigeons the concept “human being.” The researchers again 
projected slides on the wall of the pigeon’s chamber. This time some of the 

13People ordinarily assume that conceptual understanding requires awareness—that you can-
not understand a concept without knowing that you understand it. However, there is evidence 
that you can (Hull, 1920; Smoke, 1932). 
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slides contained images of people; others did not. The birds received food for 
pecking a disk, but only when the current slide included people. This was no 
easy task: Sometimes the people depicted appeared alone, sometimes in 
groups; they were of different sizes, shapes, ages, and sexes; they wore differ-
ent kinds of clothing, and sometimes no clothing; they were sometimes in 
full view, other times partially hidden by objects. Nevertheless, the pigeons 
learned to peck only when human beings were depicted. Because they gener-
alized within the class of things called people, and discriminated between the 
members of that class and other classes (trees, walls, cars, etc.), we can justly 
say that they learned the concept “people.”

Some people have been skeptical about pigeons grasping concepts. S. L. 
Greene (1983) suggested that the pigeons might simply memorize the fi gures 
associated with reinforcement. But if this were the case, the birds would tend 
not to discriminate accurately when tested on pictures they had not seen be-
fore. Yet in Herrnstein’s tree experiment, above, trained birds pecked even 
when shown slides they had never seen before if those slides included trees 
(see also Edwards & Honig, 1987). The birds apparently respond to a feature 
that defi nes the category.

An experiment by Robert Allan (1990; see also Allan, 1993) adds support 
to the idea that pigeons are reacting to a conceptual feature. Allan trained 
birds to peck a panel on which photographs could be projected, and he pro-
vided equipment to record the segment of the panel the bird pecked. His rea-
soning was that if birds were discriminating on the basis of a conceptual fea-
ture, they would peck at the part of the photograph that contained the 
conceptual item. He projected 40 slides, 20 of which included pictures of hu-
mans, the concept to be learned. Birds received food periodically if they 
pecked while a human fi gure was displayed. The result was that the birds not 
only learned to make the appropriate discrimination, but they tended also to 
peck the part of the slide in which human fi gures appeared (see Figure 10-9). 
Allan writes that “as the position of the human form changes from one seg-
ment to another, the  pigeons track this movement by pecking in the same 
segment.” In a sense, the bird points to the object in the concept category. In 
considering this fi nding, it is important to note that reinforcement was not 
contingent on pecking the part of the panel in which human fi gures 
appeared.

Some concepts differ from the examples given in that they express rela-
tionships between two or more items: taller, cheapest, biggest, and so on. We 
say that one desk is bigger than another or that it is the biggest of three desks. 
We say that one job is easier than another or that it is the easiest job in a 
plant. These relational concepts appear, however, to be learned through the 
same discrimination process.

In one study, Kenneth Spence (1937) trained chimpanzees to fi nd food un-
der one of two white metal covers that differed only in size. One chimp got a 
choice between covers that were 160 and 100 square centimeters. Whenever it 
chose the larger cover, it found food; whenever it chose the smaller cover, it 
found nothing. After the chimp had learned to choose the larger cover reli-
ably, Spence presented it with new covers, identical to the fi rst set except that 
the choice was now between covers that were 320 and 200 square centime-
ters. We might expect that the chimp would select the 200 square centimeter 
cover because that one more closely resembled the cover that previously hid 
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food. Instead, the chimp chose the larger cover. It apparently had learned the 
relational concept “larger than.”

In a similar experiment, Wolfgang Kohler (1939) trained chickens to select 
the lighter of two gray squares. After training, he tested them with the light 
gray square that had always led to food and with a still lighter gray square 
they had never seen before. Again, we might expect the animals to select the 
original gray stimulus because that had previously led to food. In fact, the 
birds chose the new, lighter square. In this case, the concept is “lighter than.”

Richard and M. Kay Malott (1970) used discrimination to teach pigeons 
the concept of sameness. In this study, two halves of a key were illuminated 
independently and could therefore have different colors. When both halves 
were the same color (either all red or all violet), pecking the key produced 
food; when the two halves were different colors (one half red, the other violet), 
pecking did not produce food. After this discrimination was learned, the birds 
were tested on four new patterns: blue-blue, yellow-yellow, blue-yellow, and 
yellow-blue. Three out of the four pigeons pecked more often when the key 
halves were the same color than when they were different.

K. Fujita has used a similar procedure to study the acquisition of the same-
ness concept in monkeys. In one experiment, Fujita (reported in Pisacreta, 
Redwood, & Witt, 1984) trained monkeys to press a lever when two disks were 
the same color (either red or purple) and not to press the lever when the disks 
did not match (red and purple). When the animals mastered this discrimina-

Image not available due to copyright restrictions
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tion, Fujita found that the behavior generalized to novel stimuli. When pre-
sented with two yellow or two green disks, for example, the monkeys pressed 
the lever; when presented with one yellow and one green disk, they did not 
press the lever.

Children, of course, learn relational concepts quite readily. T. A. Jackson 
(1939) performed an experiment similar to those of Spence (1937) and Kohler 
(1939) described above. In his experiment, a child learned to choose the 
brighter of two disks. After this, Jackson replaced the brighter disk with a 
dimmer one. The child then chose the other disk, the one that had been the 
dimmer of the two but now was the brighter, thus illustrating mastery of the 
relational concept “brighter than.”

In another experiment, Elizabeth Alberts and David Ehrenfreund (1951) 
trained children, ages 3 to 5, to fi nd a gumdrop by opening the correct door on 
a box. The doors differed only in size, and the smaller door always provided 
the gumdrop. After the children reached a criterion of 9 out of 10 correct, the 
researchers tested them on a number of new boxes. The doors on these new 
boxes differed in size from those on the training box, but the smaller door al-
ways produced the gumdrop. The children continued to choose the smaller 
doors. That is, they behaved on the basis of the relative sizes of the doors 
rather than their similarity to the training doors.

Researchers have demonstrated that pigeons and monkeys, to say nothing 
of humans, can master the concepts fi sh, cats, fl owers, ships, oak leaves, cars, 
letters, and chairs, among others. Teaching more abstract concepts (such as up 
and down, right and left, horizontal and vertical, attractive and unattractive) 
is more difficult. Yet discrimination training does seem to provide an expla-
nation of concept formation in the natural environment.

Mental Rotation

Roger Shepard is a psychologist who has studied what he calls “mental rota-
tion.” In a typical experiment (Cooper & Shepard, 1973), people were shown 
letters that had been rotated by varying degrees from their normal, upright 
position and were asked whether the letters were backward (that is, mirror 
images of the original) or not. The result was that the greater the rotation, the 
longer it took people to answer. Shepard concludes from such data that people 
mentally rotate an “internal representation” or image of the letter until it is 
in its normal, upright position and then decide whether it is backward.

Although Shepard refers to the rotation of images, his data consist of the 
time it takes to react to rotated fi gures. It is interesting that when these data 
are plotted graphically, the resulting curve looks remarkably like a generaliza-
tion gradient (Figure 10-10). Participants respond most quickly to the “train-
ing stimulus” (the letter they were trained in school to recognize); the less the 
stimulus resembles the training stimulus, the slower is the response.

In one experiment, Donna Reit and Brady Phelps (Reit & Phelps, 1996) 
used a computer program to train college students to discriminate between 
geometric shapes that did and did not match a sample. The items were rotated 
from the sample position by 0, 60, 120, 180, 240, or 300 degrees. The students 
received feedback after each trial. When the researchers plotted the data for 
reaction times, the results formed a fairly typical generalization gradient (see 
Figure 10-11).
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In a second experiment, Phelps and Reit (1997) got nearly identical results, 
except that with continued training the generalization gradients fl attened. 
This is probably because students continued to receive feedback during test-
ing and therefore improved their reaction times to rotated items. (They could 
not improve their performance on unrotated items much because they were 
already reacting to those items quite quickly.) In any case, these data clearly 
suggest that “mental rotation” data are generalization data.

Phelps and Reit note that most of their students, like Shepard’s, reported 
that they solved the problems by “mentally rotating” the test stimuli. As 
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Phelps and Reit point out, however, the subjective experience of mental 
rotation does not explain the differences in reaction times. A scientifi c 
explanation must point to physical features of the situation and to the learn-
ing history of the participant. The expression “mental rotation” at best identi-
fi es the covert behavior involved; it does not explain the participant’s 
performance.14

Smoking Relapse

Mark Twain, a lifelong cigar smoker, once quipped: “It’s easy to quit smoking. 
I’ve done it hundreds of times.” It is not hard to understand why people who 
have become addicted to nicotine continue to smoke. By some estimates, cig-
arette smoking is reinforced 73,000 times a year in a pack-a-day smoker (Ly-
ons, 1991). The act of puffing on a cigarette has therefore been reinforced 
730,000 times in a moderate smoker who has used cigarettes for 10 years. For 
a heavy smoker (two packs a day or more), the number of reinforcements for 
that period is about one-and-a-half million. If each reinforcement increases 
the resistance of a behavior to change, then it is hardly surprising that people 
fi nd it difficult to quit smoking.

But why do people who have given up smoking, and who are no longer un-
der the infl uence of the physiological effects of nicotine, so often resume 
smoking? Quitting may be difficult because of the physiological effects of not 
maintaining the nicotine level, but taking up smoking again weeks or months 
after going through withdrawal seems to many people clear evidence of weak 
character. But, as we have seen, concepts like weak character do not explain 
puzzling behavior; they merely label it.

Smoking relapses become less puzzling when we realize that the physio-
logical effects of smoking and of withdrawal are not the only factors involved 
in this habit. In 1988, then Surgeon General C. Everett Koop concluded that 
“environmental factors, including drug-associated stimuli and social pressure, 
are important infl uences of initiation, patterns of use, quitting, and relapse to 
use of opioids, alcohol, nicotine, and other addicting drugs” (U.S. Department 
of Health and Human Services, 1988, p. 15). “Drug-associated stimuli” include 
environmental events that, because they have been paired with tobacco use in 
the past, have acquired some degree of stimulus control over tobacco use. In 
other words, drug abuse, including smoking, is under stimulus control.

Ask smokers when they are most likely to smoke, and you are likely to be 
told on arising from bed in the morning, while having coffee, after eating, 
during work breaks (including the interval between classes), during or after 
stress (such as an exam or city driving), after physical exertion, when social-
izing with friends, after sex, and so on (Buckalew & Gibson, 1984; Smith & 
Delprato, 1976). Because the use of tobacco and the reinforcing effects of nico-
tine have frequently occurred together in these situations, they have become 
discriminative stimuli for lighting a cigarette. And because smokers typically 
smoke throughout the day, many different situations become discriminative 
stimuli for smoking. Charles Lyons (1991) writes that “few other activities are 

14Hollard and Delius (1982) replicated the Shepard and Cooper experiment with pigeons and 
found that the birds responded more quickly than Shepard and Cooper’s students and made the 
same number of errors.
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so consistently and powerfully strengthened in such a wide range of temporal, 
situational, and physical settings” (p. 218).

Most people have witnessed stimulus control in smokers, although they 
may not have realized it at the time. Imagine a moderate smoker who has just 
joined a group of people in casual conversation. A member of the group lights 
a cigarette, and this act is a discriminative stimulus for smoking by others. 
Even if our hypothetical smoker has recently smoked a cigarette, he may light 
up after seeing someone else do so. The smoker may explain this behavior by 
saying, “When I see someone else smoke, it makes me think of smoking, and 
then I have to have a cigarette.” Sometimes smokers report that cues that “re-
mind them” of cigarettes also induce feelings of physiological deprivation or 
“craving.” But these feelings do not explain the behavior of smoking any bet-
ter than a lack of willpower does. The tendency for certain kinds of events to 
elicit smoking is explained by the history of reinforcement for smoking in the 
presence of those events.

Smoking in situations previously associated with smoking seems particu-
larly likely to lead to an abrupt return to regular smoking. T. H. Brandon and 
colleagues (reported in Lyons, 1991) studied people who had quit smoking and 
who then had a single cigarette in a situation previously associated with 
smoking. Ninety-one percent of them soon became regular smokers again, 
nearly half within a day of the single cigarette. In another study, R. E. Bliss 
and colleagues (1989) found the presence of other people smoking commonly 
led to relapse.

The research on the role of stimulus control in smoking has important 
implications for those who would quit for good. It would appear that there are 
two basic approaches to preventing relapse. The former smoker can avoid situ-
ations in which he or she often smoked in the past, thereby avoiding the abil-
ity of these situations to elicit smoking. Or the smoker can undergo training 
to reduce the control these situations have over his or her behavior. It is ex-
tremely difficult, if not impossible, for a smoker to avoid all situations in 
which he or she has smoked; therefore, the best bet may be to undergo train-
ing that will undermine the power of those situations. This might be done, 
for example, by gradually exposing the smoker to those situations while pre-
venting him or her from smoking. For example, a smoker who typically lights 
up after drinking coffee may have coffee in a therapist’s office without smok-
ing. When this situation no longer arouses the urge to smoke, the same train-
ing might be repeated in the nonsmoking section of a restaurant. The training 
might continue with having a meal in the restaurant, with the therapist (or 
other supportive person) along to ensure that the smoker does not light up. 
And so on. The person who would quit smoking may need to be exposed to 
each situation in which he or she has often smoked in the past. Giving up 
smoking for good requires overcoming stimulus control.

The same may be said of many other habitual behaviors. We saw in an 
earlier chapter the role that the schedule of reinforcement exerts on gambling. 
But gambling is also a behavior that occurs in certain kinds of settings, and 
those settings and associated cues exert power over behavior. The same thing 
is true of overeating. Brian Wansink (2006), a marketing professor at Cornell 
University, talks about the effects of “hidden persuaders,” environmental 
cues for eating. He describes an experiment in which people ate soup from a 
bowl that automatically refi lled as they ate. Normally an empty soup bowl is 
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a cue to stop eating, but in this case there was no such cue. People tended to 
eat more than one bowl of soup, but some people ate much more—in some 
cases, more than a quart of soup.

Whether it’s smoking, gambling, overeating, or some other behavior in 
which we participate to excess, the solution is not a matter of exerting will-
power; it is a matter of changing a controlling environment.

Experimental Neuroses

As noted earlier, errors made during discrimination training tend to arouse 
negative emotional reactions. During a difficult discrimination, these emo-
tional reactions are sometimes quite pronounced. N. R. Shenger-Krestovnikova 
(in Pavlov, 1927), working in Pavlov’s laboratory, trained a dog to salivate at the 
sight of a circle fl ashed on a screen and not to salivate at the sight of an oval 
(see Figure 10-12a). Next, the researcher modifi ed the oval so that it more closely 
resembled the circle and then resumed training (see Figure 10-12b). When the 
animal discriminated between the two fi gures, Shenger-Krestovnikova modi-
fi ed the oval again, making it still more like the circle, and resumed training. 
He repeated this procedure again and again. Finally, when the two forms were 
nearly identical, progress stopped. Not only did the animal fail to discriminate 
between the two forms, but, as Pavlov (1927) wrote:

The whole behavior of the animal underwent an abrupt change. The 
hitherto quiet dog began to squeal in its stand, kept wriggling about, tore 
off with its teeth the apparatus for mechanical stimulation of the skin, 
and bit through the tubes connecting the animal’s room with the ob-
server, a behavior which never happened before. (p. 291)

Pavlov called the dog’s bizarre behavior an experimental neurosis because it 
seemed to him that the behavior resembled that sometimes seen in people 
who had had “nervous breakdowns.” Analogous fi ndings have been obtained 
during operant discrimination training (Brown, 1942; see Kazdin, 1978).

We must be careful in using experimental neuroses in animals as an ana-
log for human neuroses. Yet people do sometimes fi nd themselves in situa-
tions that require subtle discriminations, and such situations do seem to be 

CS+ CS– CS+CS–

(a) (b)

Figure 10-12  Discrimination and experimental neurosis. A dog learned to salivate at 
the sight of a circle, but not at an oval (a). As training proceeded, the discrimination 
became progressively more difficult, with the oval becoming more and more like the 
circle (b). Eventually, the dog could not discriminate and became “emotionally 
disturbed.”
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stressful. Teenagers, for example, sometimes are praised by their parents for 
“accepting responsibility,” but on other occasions they are criticized for 
not “knowing their place.” The discriminations the adults require of their 
children are often nearly as subtle as those Shenger-Krestovnikova required 
of his dog, and often the results are similar. Whether the “nervous break-
downs” that sometimes result in hospitalization are ever the result of this 
sort of discrimination training is uncertain, but the possibility cannot be 
ignored.

 Query 10: Is there a lesson for parents in the Shenger-Krestovnikova experiment?

 REVIEW  The study of generalization and discrimination has led to an improved under-
standing of other phenomena, including concept learning, mental rotation, 
smoking, and possibly some emotional disorders.
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REVIEW QUESTIONS

 1. Defi ne the following terms:

 2. Describe the relationship between generalization and discrimination.

 3. How is semantic generalization different from other examples of 
generalization?

 4. A student learns to draw human fi gures. How could you determine 
whether this learning had improved the student’s ability to draw animal 
fi gures? What phenomenon would you be studying?

 5. There is a saying that goes, “He who has been bitten by a snake fears a 
rope.” What phenomenon does this proverb implicitly recognize?

 6. Mark Twain once said that a cat that gets burned on a hot stove thereafter 
avoids cold stoves as well as hot ones. How could you change the behavior 
of a cat that fi ts this description?

 7. B. F. Skinner (1951) once taught pigeons to “read.” They would peck a disk 
when a sign read “Peck,” and would not peck when a sign read “Don’t 
peck.” Describe how Skinner might have accomplished this.

 8. Thorndike (1911) wrote that “by taking a certain well-defi ned position in 
front of [a monkey’s] cage and feeding him whenever he did scratch him-
self I got him to always scratch himself within a few seconds after I took 
that position” (p. 236). Explain what sort of training is going on here. Try 
to identify the S+, the S–, the behavior being learned, and the reinforcer.

 9. Diane says that, in the experiment described in question 8, it is not the 
monkey that is undergoing discrimination training but Thorndike. Why 
might she say this?

 10. Why is generalization important to the teacher?

 11. How would you test the hypothesis “Experimental neurosis can be avoided 
through errorless discrimination training”?

 12. How might you use discrimination training to make someone capable of 
recognizing, from facial features and other “body language,” when people 
were lying?

concept
CS–

CS+

differential outcomes 
 effect (DOE)
discrimination 
discrimination training
discriminative stimulus
errorless discrimination 
 training
excitatory gradient
experimental neurosis
generalization
generalization gradient

inhibitory gradient
matching to sample (MTS)
mismatching
oddity matching 
peak shift
S+

S–

SD

S∆

semantic generalization
simultaneous discrimination 
 training
stimulus control
successive discrimination training
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 13. What might be the role of discrimination training in racial  prejudice?

 14. Some people object to the practice of using the pronoun he to refer to peo-
ple in traditional male roles (e.g., scientists) while using she to refer to 
people in traditional female roles (e.g., nurses). Are they right to object?

 15. How does Spence’s theory differ from Pavlov’s?

 16. A music teacher has trained students to recognize middle C on the piano. 
She then tests for generalization by playing other keys. Draw a hypotheti-
cal generalization gradient of the results.

 17. How could you teach a fellow student the concept of generalization?

 18. What implications does research on errorless discrimination training 
have for the construction of educational software?

 19. Explain why a stimulus that becomes an S+ also becomes a secondary 
reinforcer.

 20. Explain why a person who is red-green color blind (that is, red and green 
objects look gray) is at a disadvantage compared to his or her peers.

PRACTICE QUIZ

 1. One of the fi rst reports of generalization came from  
in 1898.

 2. Arthur Bachrach and others got generalization of therapy in a young 
woman who would not .

 3. Gregory Razran found greater generalization in response to words with 
similar  than to words with similar sounds.

 4. Richard Herrnstein used discrimination training to teach the concepts 
“tree” and “human being” to .

 5. The peak shift phenomenon supports the theory of generalization and 
discrimination proposed by .

 6. A smoker always lights a cigarette after a meal. Lighting a cigarette is 
under .

 7. Camoufl age rests on the inability of a predator to 
.

 8. When generalization data are plotted on a curve, the result is a general-
ization .

 9. One kind of discrimination training procedure is abbreviated MTS. This 
stands for .

 10. Requiring an animal or person to discriminate between stimuli that are 
more and more alike may produce an experimental .

QUERY ANSWERS

Query 1. A generalization gradient shows the tendency for a behavior to oc-
cur in situations that differ systematically from the training situation/
stimulus.
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Query 2. A building that is on fi re presents a very different situation from a 
building that is not on fi re.

Query 3. The Razran study involved the kind of training procedure called 
Pavlovian/classical conditioning.

Query 4. Racial prejudice probably involves semantic generalization.

Query 5. In operant discrimination training, the stimulus that indicates the 
more reinforcing consequence of a behavior is designated S+.

Query 6. In errorless discrimination training, the S– is presented in very 
weak form and gradually “faded in.”

Query 7. The DOE implies that discrimination training can be improved by 
providing different outcomes for different behaviors.

Query 8. Marlatt’s work suggests that drug abuse is partly due to stimulus 
control.

Query 9. It would have shifted in the opposite direction, possibly to around 
560 nm.

Query 10. Parents might have less neurotic children if they made very clear 
the conditions under which certain behavior was and was not acceptable. 
(Making it clear means consistently providing appropriate consequences for 
the behavior in those situations.)

Workbook Chapter 3 includes:Active Learning

Workbook Chapter 10 includes exercises on:

• Generalization, discrimination, and stimulus control
• Theories of generalization and discrimination
• Applications and interpretations
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IN THIS CHAPTER . . .

What are some ways of thinking about memory?

What kinds of memory have been identifi ed?

Where are memories to be found?

What, exactly, is forgetting?

How is forgetting measured?

Why does forgetting occur?

How does forgetting affect survival?

Are there things I can do to prevent forgetting?

Is forgetting a bad thing? 

Kinds of Memory

box: The Myth of Permanent Memory 

Where Do Memories Live?

Defi ning Forgetting

box: Reminiscence and the State of Learning 

Measuring Forgetting

Variables in Forgetting 

Applications and Interpretations

Learning to Remember 

box: Say All Fast Minute Each Day Shuffle 

A Final Word on Forgetting 

box: The Man Who Couldn’t Forget 

Recommended Reading 

Review Questions 

Practice Quiz 

Query Answers 
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When we are not having them, “memories” do not exist.

John Donahoe and David Palmer

In the animated fi lm Monsters, Inc. the inhabitants of a parallel universe 
generate electricity from the screams of human children. The monsters 
gain access to our world by means of ordinary closet doors. The doors are 

stored in a huge warehouse, and are retrieved by an electronically controlled 
system of conveyor belts. Once a door is retrieved and a few buttons are 
pressed, a monster can go through the door into our world, terrify a slumber-
ing child, and capture the energy produced by the child’s screams.

Memory is like that—according to some people. Like the closet doors, 
memories are stored in a warehouse and retrieved when needed to provide ac-
cess to another world—the world of the past. The theory, like the fi lm, is a 
little vague on the details. But it provides an appealing metaphor for under-
standing memory.

There have been many such metaphors over the ages. In ancient times, ex-
periences were impressed on the mind like marks on a wax tablet. To remem-
ber an experience, one had only to look at one’s mental tablet. In the Renais-
sance, experience wrote on a blank slate, which could be read so long as the 
message was not wiped off. In the Industrial Age, the blank slate gave way to 
memos and snapshots stored in mental fi ling cabinets. Experiences were “fi led 
away” and retrieved by searching through the appropriate fi le when the need 
arose. In the 20th century, memories were once again recorded in wax, but 
this time the wax was Thomas A. Edison’s recording cylinder. Experiences 
could be replayed so long as one could set the needle at the right place on the 
cylinder. As recording devices improved, memories became magnetic and 
lasted a long time if not erased or recorded over. 

The development of high-speed computers provides the current metaphor 
for memory. Computers are said to encode, store, and retrieve information, 
and many psychologists have for many years applied these same concepts to 
memory. Robert Sternberg (2006), professor of psychology at Tufts University 
and one of the leading fi gures in cognitive psychology, explains the basic 
ideas. “Encoding,” he writes, “refers to how you transform a physical, sensory 
input into a kind of representation that can be placed in memory. Storage re-
fers to how you retain encoded information in memory. Retrieval refers to 
how you gain access to information stored in memory” (p. 194). 

So, if you are drifting off to sleep and a horrendous monster steps out of 
your bedroom closet, scaring you so terribly that you scream like a failed op-
era singer, you might encode this experience visually (forming an image of 
what you saw), phonologically (noting the sound made by the monster and of 
your scream), and/or verbally (putting the experience into words, such as, “He 
was huge, with green scaly skin and long claws and breath like a dumpster”). 
Thus encoded, these “representations” of your experience are shipped off to 
some neural warehouse for storage. Then, when circumstances make it appro-
priate or necessary (as, for example, when someone says, “Why did you scream 
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last night?”), you fetch the stored, encoded memory; decode it; and use that 
information to relate your experience. 

Much of memory research deals with the kinds of knowledge that the 
memory system encodes, stores, and retrieves. There is no consensus among 
memory researchers about how many different kinds of memory there are or 
how they relate to one another (McClelland, McNaughton, & O’Reilly, 1995; 
Schacter, 2000; Squire, Knowlton, & Musen, 1993; Tulving, 1985). However, 
we will consider here some of the more popular types of proposed memories. 

Kinds of Memory
Short and Long Memories

One simple way of distinguishing among memories is based on the retention 
interval. A retention interval is the period between a learning experience and 
its recall. The information is said to be retained (kept in storage), hence the 
term. You might see Joe on Tuesday at 10:00 a.m. and then be asked on Tues-
day at 10:00 p.m., “Have you seen Joe?” In this case, the retention interval is 
twelve hours. 

Obviously a retention interval can be anywhere from a matter of millisec-
onds to several decades. When the interval is very short, memory experts 
speak of short-term memory. How short? That is a matter of some dispute. 
Some authorities say a few seconds, some say up to an hour; probably most 
would say within a minute. A common example of short-term memory is re-
membering a telephone number long enough to dial it. You look up the num-
ber, then reach for the phone. If you can dial it correctly, you pass the short-
term memory test.

Long-term memory involves retention intervals longer than those of short-
term memory, so the defi nition of long-term memory depends on the defi ni-
tion of short-term memory. Most memory researchers think of long-term 
memories as having retention intervals longer than a minute. Harry Bahrick 
(1984; Bahrick, Bahrick, & Whittlinger, 1975) has done research on memories 
over retention intervals of up to fi ve decades. 

The distinction between short-term and long-term memories is defi ned 
solely by the retention interval. It does not matter what sort of experience is 
being recalled: faces, names, dates, geometric forms, motor skills, you name 
it. Other kinds of memory, however, are identifi ed by the kinds of things 
learned. Declarative and nondeclarative memories are examples.

Declarative Memories 

Declarative memory deals with information that can be declared, or ex-
pressed, usually in words. The philosopher Gilbert Ryle (1949) called such 
knowledge knowing that. You know that biology is the study of living things, 
that there are 365 days in a year, that the capital of the United States is Wash-
ington, D.C., that an elephant is bigger than a fl ea. You also know that your 
name is not Monty Python, that Earth is not fl at, and that Mickey Mouse is 
not a real mouse. 

A lot of the things we are taught in school are declarative knowledge, but 
you can acquire declarative knowledge through reading magazines and books, 
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Most people apparently believe that everything they learn is permanently stored away 
(Loftus & Loftus, 1980). They may not be able to retrieve a memory, the theory goes, 
but it is there, stored in the brain, ready to be brought to consciousness. While this 
view of learning is probably ancient, I believe its current popularity may be attributed 
largely to the work of two people: Sigmund Freud and Wilder Penfi eld. 

Freud (1914) believed that nothing is ever really forgotten. Experiences, he theo-
rized, are permanently recorded in the “mental apparatus.” (Freud was never entirely 
clear about whether “mental apparatus” referred to the brain or to an immaterial mind.) 
According to this view, if recalling an experience arouses anxiety, it might be 
repressed—i.e., consigned to the unconscious. However, repressed memories might 
be brought into consciousness through hypnosis, free association, or, in disguised form, 
in dreams. Freud did not do experimental research on memory; his evidence was the 
anecdote and the case study.

Wilder Penfi eld (1955, 1975) was a neurosurgeon who did pioneer work in the 
surgical treatment of epilepsy. To identify the tissues involved in seizures, Penfi eld 
would apply a weak electric current to the surface of the brain. The patient, who was 
necessarily conscious at this stage, would relate whatever sensations this stimulation 
triggered. In the course of this work, Penfi eld found that people often seemed to relive 
past experiences. For instance, stimulation of an area of the cortex caused one young 
man to say that he was sitting at a baseball game in a small town and watching a little 
boy crawl under the fence to watch the game. Another patient was in a concert hall lis-
tening to an orchestra. Still another heard a mother calling her child. Penfi eld found 
that stimulation of a specifi c area reliably produced a specifi c experience. In one case, 
Penfi eld stimulated the same point 30 times; each time he did so the patient heard a 
melody being played. “All these were unimportant events,” Penfi eld (1975) would later 
write, “but recalled with complete detail” (p. 22). 

Freud’s anecdotal and case study evidence suggested to him that experiences are 
permanently recorded. Penfi eld’s work seemed to provide proof for Freud’s theory: Ex-
periences were stored in the brain where they might be reactivated by the proper stim-
ulation. The idea that a permanent record of experiences is stored away predates Freud 
and Penfi eld, but I believe it was their work that convinced the general public that the 
idea was an established fact.

It is not an established fact. Penfi eld’s work, fascinating though it is, does not offer 
strong support for the permanence of memory. For one thing, very few of Penfi eld’s 
patients reported experiencing events when stimulated. Another problem is that the 
stimulated experiences included events that had never occurred and therefore could 
not have been memories. On reviewing Penfi eld’s work, Ulric Neisser, a prominent 
cognitive psychologist, concluded that “Penfi eld’s work tells us nothing new about 
memory” (Neisser, 1967, quoted in Loftus, 1980, p. 53).

Experiences are not recorded and then played back later, like the messages on a 
telephone answering machine. Rather, experience changes us, so that we behave dif-
ferently. The durability of those changes in behavior depends on a number of vari-
ables, but none can be said to be literally permanent.

The Myth of Permanent Memory
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browsing the Web, visiting museums, talking to friends, walking around your 
neighborhood, peering through a microscope, and in a thousand other ways. 
The defi ning characteristic of declarative knowledge is that it can be ex-
pressed. Usually it is expressed in words, but it can be expressed in other 
ways, including pictures and gestures. Declarative knowledge is also some-
times called explicit knowledge.

Cognitive psychologist Endel Tulving (1972) of the University of Toronto 
proposed that declarative memories be further subdivided into semantic and 
episodic memories. He defi ned semantic memory as “knowledge of the world.” 
It is “the kind of memory that makes it possible for organisms to acquire, 
store, and use information about the world in which they live” (Tulving & 
LePage, 2000, p. 213). 

Although the term suggests some connection with language, that is a 
mistake. Animals with no linguistic skills nevertheless know a great deal 
about their surroundings. Wild rats, for example, know where food is to be 
found, how to get to their underground den, which rats they can dominate 
and which they must not challenge, and so on. And they know all these things 
even though they can’t speak or write a word.1 

Tulving contrasted semantic memory with episodic memory, which is our 
memory for personally experienced events, the episodes of our lives. It is 
sometimes called autobiographical memory or event memory (Tulving, 1983). 
Episodic memory recognizes that “we can think of a person’s life as consist-
ing of successive episodes” (Tulving, 1983, p. 19). 

Both semantic and episodic memory may involve facts, even the same 
facts, but their signifi cance is different. While hiking in the mountains, you 
could be attacked by a mountain lion. When you recall facts related to that 
experience (the color of the animal, the name of the park where the attack oc-
curred, the number of stitches you received), you are recalling things that you 
personally experienced, and you are drawing on episodic memories. I may 
read a newspaper account of your experience. When I recall the color of the 
animal, the name of the park where the attack occurred, and the number of 
stitches you received, I am drawing on semantic memory.

Because much of the same kind of information can be stored in semantic 
and episodic memory, the distinction between them may seem arbitrary, even 
contrived. But defenders of the distinction argue that whereas both deal with 
facts, episodic memory deals with facts that have a personal connection for 
the individual. Your memory of the mountain lion attack is of a personal ex-
perience, for example, whereas my memory is of facts that hold no personal 
connection to me. There is also a temporal distinction between these two 
kinds of memory. For you, the attack fi ts in a personal timeline—you proba-
bly remember how old you were, what year the attack took place, the season, 
that you were just about to go off to college, that your entry to college was de-
layed for a year while you recuperated, that you decided to change your major 
from wildlife biology to urban planning. For me, the comparable memories (in 
the unlikely event that I recalled them) would be the name of the newspaper 
that carried the story, where I was when I read it, why I was in that particular 
place, and the like. 

1Herein lies a dilemma, for it raises the possibility that all knowledge in animals without 
language is nondeclarative. The rat is able to fi nd food, but does it know where the food is?
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Episodic memory is said to be a late development in evolution, and some 
people believe that it is the one sort of memory that is not found in animals 
other than humans (Tulving, 2001).

Nondeclarative Memory 

Nondeclarative memory deals with knowledge that cannot be expressed. It is 
implicit knowledge (Roediger, 1990; Schacter, 1987). With declarative knowl-
edge, you know that you know something; with nondeclarative knowledge, 
you know, but you do not know that you know. Or, at least, you cannot ex-
press what you know. 

There are, according to some memory experts, various kinds of nondeclar-
ative knowledge. One kind of nondeclarative memory is Pavlovian condition-
ing. If you are bitten by a dog and later are afraid of that dog, this conditioned 
fear is a kind of knowledge that cannot be expressed. This may seem a bizarre 
statement. You might be thinking something like, “If I’ve been bitten by a 
dog, and I’m afraid of that dog, I know I’m afraid of that dog, and I can jolly 
well say so!” The problem is that you are confusing knowing that you are 
afraid (which can be expressed) with being afraid; they are different kinds of 
knowledge. Often we have both the conditional response and knowledge 
about the response, but not always. Many people have conditioned taste aver-
sions (see Chapter 4) but cannot recall the conditioning experience that pro-
duced it. 

Another kind of nondeclarative memory is called procedural memory 
(Tulving, 1985). As the name implies, procedural memory is memory for pro-
cedures. Gilbert Ryle (1949) called such knowledge knowing how. You know 
how to cut your food with knife and fork, how to walk, how to read and write, 
how to do long division, how to peel a banana, how to operate a microscope, 
how to walk around the block, how to chat with friends, how to browse the 
Web. The defi ning characteristic of procedural knowledge is that you can per-
form some procedure. It isn’t your knowledge about the procedure; it is your 
ability to perform the procedure. Such knowledge cannot be expressed. 

Once again, you must avoid confusing declarative with nondeclarative 
knowledge. In addition to knowing how to walk, read, write, do long division, 
and peel a banana (all of which are examples of procedural knowledge), you 
probably know that you can do these things, which is declarative knowledge. 
But knowing that you can do them is different from being able to do them. 

The distinction is best conveyed through examples. The most common 
example may be touch typing. If you can touch type, then you have proce-
dural knowledge of this skill, but your declarative knowledge of it may be 
limited. Take a moment to type, or pretend to type, the sentence, Procedural 
knowledge is implicit. 

Now, tell me what fi nger you used to hit the k key. Chances are you cannot 
say. Yet, if you are a competent touch typist, you just typed the word knowl-
edge without hesitation. It is as if your fi ngers know which keys to hit, but you 
do not! Indeed, if you try to type while thinking about which keys to hit with 
each fi nger, your typing will slow dramatically, and you will likely make more 
mistakes than usual. Your declarative knowledge will interfere with your 
skilled procedural knowledge. The educational researcher Benjamin Bloom 
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(1986) once noted that “the capable touch-typist doing 50 to 60 words per min-
ute hasn’t the faintest notion of what each fi nger is doing at any time” (p. 73). 

Bela Kuroli provides a different sort of example of the nondeclarative na-
ture of procedural knowledge. Mr. Kuroli is a world-famous gymnastic coach 
who has worked with Mary Lou Retton and other internationally ranked 
women gymnasts. Few people would dispute that Mr. Kuroli has a great deal 
of declarative knowledge about women’s gymnastics. He knows, for example, 
what a woman has to do to perform a particular routine on, say, the uneven 
parallel bars. But Mr. Kuroli is a big middle-aged man. It is difficult to believe 
that he could perform even the simplest routine on the uneven parallel bars. 
And because the uneven parallel bars is strictly a women’s event, it seems un-
likely that Mr. Kuroli ever performed any routine on them. So, while Mr. 
Kuroli undoubtedly has a great deal of declarative knowledge about women’s 
gymnastics, he probably has very little procedural knowledge about it. 

As the example of Mr. Kuroli illustrates, the distinction between declara-
tive and procedural knowledge leads to conclusions that run counter to com-
mon sense. Most parents, for example, seem to believe that a childless person 
cannot possibly know what he is talking about when it comes to child rear-
ing. But knowing about children, how to motivate them to do well in school, 
what to do when they refuse to follow directions, and so on, all involve declar-
ative knowledge, not procedural knowledge. There is, then, no reason why a 
single person without children cannot be a very effective family therapist. Of 
course, having children may give the therapist useful experience, but it might 
not improve her success as a therapist. In the same way, having suffered from 
cancer would probably not improve an oncologist’s ability to treat cancer, 
though it might make her more compassionate toward patients. And a man 
confi ned to a wheelchair might be able to coach bowlers very well, even 
though he himself never bowled.

The various kinds of memory discussed here must be viewed as a tenta-
tive taxonomy. Ideas about where these different kinds of memory are located 
in the brain are also rather tentative.

 REVIEW  There is no general consensus among memory specialists about the kinds of 
memory. Most researchers accept the distinction between short- and long-
term memories, a distinction that refl ects the length of the retention interval. 
Another distinction is made between declarative (or explicit) and nondeclara-
tive (implicit) memories. Declarative knowledge can be expressed and includes 
semantic and episodic memory. Nondeclarative memory cannot readily be ex-
pressed; it includes Pavlovian conditioning and procedural memory.

Where Do Memories Live?
The idea that there are various kinds of memory is consistent with the popu-
lar memory storage theory. It seems reasonable that one kind of memory 
would be located in one area, and another kind of memory would be located 
somewhere else. When you store papers in a fi ling cabinet, you don’t just 
dump them all together in one drawer; you arrange them in categories and put 
each category in its own folder. 
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The storage idea is supported by some neurological research. It is now 
pretty well established, for instance, that the hippocampus, an elongated 
structure in the middle of the brain, is involved in the formation of long-term 
memories. The most spectacular support for this is the case of H. M., a patient 
with severe epilepsy. In 1953, when he was in his twenties, surgeons removed 
part of H. M.’s brain, including much of the hippocampus, to control his life-
threatening seizures (Milner, 1966; Milner, Corkin, & Teuber, 1968; Scoville 
& Milner, 1957). The surgery was a drastic step taken to save H. M.’s life. It 
was successful, and in many respects H. M. seemed quite normal after sur-
gery. He could speak, walk, work on puzzles, tell you about his childhood, 
and do many other things. But he was trapped in the past: The damage to his 
brain left him incapable of forming new long-term memories. You could have 
walked into his room, talked to him for twenty minutes, walked out and then 
returned fi ve minutes later, and he would deny that he’d ever met you. Every 
moment of his life was a new moment unconnected to its predecessors. 

H. M.’s sad case offers strong evidence that the hippocampus is involved 
in the formation of long-term memories. Other research supports this conclu-
sion (Sutherland et al., 2001; Zola et al., 2000). But while the hippocampus is 
important, probably essential, to the formation of many long-term memories, 
those memories do not reside in the hippocampus. Generally they seem to ex-
tend out from the hippocampus to various areas of the cortex, the outer layer 
of the brain (Zola & Squire, 2000). 

The distinction between semantic and episodic memory is supported by 
some neurological fi ndings. For instance, damage to the hippocampus seems 
to interfere more with episodic than with semantic learning (Vargha-Khadem 
et al., 1997). Semantic memory seems to be more dependent on the frontal 
lobes. Procedural memory may be independent of the hippocampus. Studies 
showed that if H. M. worked on a puzzle day after day, his performance im-
proved steadily—despite the fact that he did not recall working on the puzzle 
before (Corkin, 1968; Milner, 1970). 

But while there seems to be some legitimacy to the proposed kinds of 
memory, it is a mistake to think of memories as anything like the closet doors 
of Monsters, Inc.—or any other metaphor mentioned. It appears that a mem-
ory exists structurally, if it can be said to exist at all, only in the form of com-
plex interconnections of brain cells, typically extending over wide areas, of-
ten from the inner recesses of the brain to its surface. Many of the cells that 
form one memory connect with other cells to form other memories. So mem-
ories are, at the neurological level, less like closet doors than like tangles of 
unruly hair or maybe strands of tangled yarn. 

And when a memory is activated, it does not appear to be retrieved in any-
thing but a metaphorical sense. That is, a group of cells representing the mem-
ory of your mother’s face does not move from its parking spot to some other 
place where it is “viewed” by some inner eye. What happens is that chemical 
reactions occur, and neurons fi re. These physiological events, not the physical 
structure, are what we refer to as memory. A memory, as John Donahoe and 
David Palmer (1994) put it, is “a pattern of activation in a network of neurons” 
and this means that, “In short, when we are not having them, ‘memories’ do 
not exist” (p. 213).

Memories may be analogous to genes. Genes do not (as is so often claimed) 
contain information, and they do not dictate our features or our behavior 
(Moore, 2001). What genes actually do—and only then under the right circum-
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stances—is produce proteins. Those proteins then have certain kinds of ef-
fects on other cells, thereby continuing a chain of events that can affect phys-
ical characteristics or behavior. The chain of events often has its origin in the 
environment. 

In the same way, there is no information in the brain, only neurons that, 
under certain circumstances, electrochemically stimulate other neurons, 
thereby continuing a chain of events that affect behavior. Once again, the 
chain often has its origin in the environment. 

We do not have memories, then; we have experiences. Experience changes 
our behavior and our brain. We are, after a learning experience, quite literally 
different people—different behaviorally, different physiologically. But for 
those of us interested in behavior change (as opposed to neural change), we 
seem to be led to the same conclusion that John Malone (1990) reached: “The 
study of memory is properly the study of the factors that affect our perfor-
mance . . . after a period of no practice” (p. 102). In other words, our interest is 
not in memory, per se, but in the durability of learned behavior. The topic for 
us is forgetting.

Defi ning Forgetting
Learning is a marvelous invention of natural selection, but the changes in be-
havior that we call learning are often lost, at least partially, after the learning 
experiences end. It is this loss to which we refer when we speak of forgetting. 
Thus, forgetting can be defi ned as deterioration in learned behavior following 
a period without practice.

Some psychologists argue that deterioration is the wrong word. The be-
havior doesn’t deteriorate, they insist; it merely changes. But most of the time 
the performance is less accurate, or less efficient, or is in some other way infe-
rior to the performance prior to the retention interval. Occasionally, perfor-
mance improves after a retention interval (see the boxed feature on the fol-
lowing page), but as a general rule, what we see in forgetting is deterioration.

Not all deterioration in learned behavior following a period without prac-
tice is due to forgetting. If a dog is trained to jump through hoops when it is 
one year old, and is retested following 12 years without practice, the deteriora-
tion in performance may have more to do with  arthritic joints than with for-
getting. Similarly, a person who learns to recite the alphabet may lose that 
ability as a result of a stroke. For our purposes, then, forgetting refers to 
changes in behavior that are not due to aging, injury, or disease. 

 Query 1:  Forgetting is the deterioration in performance following 

  .

In considering forgetting, it is important to realize that we are concerned 
here with deterioration in behavior, not the deterioration of a neurological re-
cord of experience. Presumably forgetting is accompanied by physical changes 
in the brain, but our subject matter is the effects of experience on behavior. 
When we ask whether an individual has forgotten something, then, we are 
asking whether the changes in behavior produced by experience persist. “Have 
you forgotten how to ride a bicycle?” is another way of saying, “Can you still 
ride a bicycle?” “Do you remember the algebra you learned in high school?” is 
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Forgetting is usually assumed to occur at a decelerating rate, with the greatest amount of 
deterioration in performance occurring soon after training ends and with less and less 
deterioration occurring as time passes. In general, this is the case. However, performance 
sometimes improves with the passage of time, a phenomenon called reminiscence.

The fi rst study of reminiscence was probably done by Leon Kamin (1957). He gave 
rats avoidance training but discontinued training before the skill was thoroughly mas-
tered. He tested the rats immediately after training and at various subsequent intervals. 
The results showed that the rats were at their best immediately after training—as 
expected—after which their performance declined. Surprisingly, however, Kamin dis-
covered that the rats’ performance improved again, matching their previous best per-
formance 24 hours after training ended. 

Why should performance deteriorate, then improve? And why should the improve-
ment occur, as it often does, 24 hours after training ends?

We have seen that performance after training varies depending on the degree to 
which the testing situation resembles the training situation. In other words, one result 
of training is inevitably that the stimuli present during training acquire a certain degree 
of stimulus control over the behavior. But in the experiments showing reminiscence, 
testing is done under the same conditions. What cues could be available 24 hours after 
training that are not available, say, 12 hours after training?

The most likely explanation seems to be the physiological state of the individual. 
Physiological conditions, such as those associated with hunger, fatigue, and alertness, 
vary in a rhythmic fashion over the course of a day. An hour after training, hormone 
levels, for example, may be measurably different from levels present immediately after 
training. Twelve hours after training those levels may be very different. After a 24-hour 
period, however, the animal’s physiology has come full circle. Reminiscence occurs, 
then, when the physiological conditions present during testing resemble those during 
training. Apparently, the behavior is under the stimulus control of the learner’s physio-
logical state.

This idea is supported by experimental research. In one study, Donald Overton 
(1964) gave rats a tranquilizing drug and then taught them to run a simple T-maze. 
Later, when the effects of the drug had worn off, Overton tested the rats and found that 
they appeared to have forgotten their earlier learning. There is nothing very startling 
about this; we might easily believe that the drug interfered in some way with the brain’s 
functioning. But Overton took one more step. He tranquilized the rats again and put 
them back into the maze. This time they performed well! The earlier forgetting was 
due to a change in the animal’s internal state. Thus, behavior that is learned during a 
particular physiological state is lost when that state passes, a phenomenon now called 
state-dependent learning (see also Girden & Culler, 1937; see Ho, Richards, & Chute, 
1978, for a review).

Anecdotes abound of people who show state-dependent learning as the result of 
alcoholic intoxication. A person hides his car keys while sober and then cannot fi nd 
them after drinking; when he sobers up, he knows right where to look. Another person 
stashes several bottles of whisky in various hiding places while drunk. Then when he is 
sober and wants a drink, he cannot recall where the bottles are. If he manages to get 
drunk, he suddenly remembers where the bottles are hidden. 

It appears, then, that the context for learning includes the state of the learner, as 
well as the state of the learner’s surroundings. 

Reminiscence and the State of Learning
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a way of asking, “Can you solve the algebra problems you could solve in high 
school?” “Do you remember where you parked the car?” means, “Can you fi nd 
the car?” or “Can you direct me to the car?” “Do you remember your high 
school graduation?” means, “Can you describe your high school graduation?”

These particular examples imply that forgetting involves a decline in the 
probability of some behavior, but this is not always the case. For example, a 
rat that has learned to press a lever for food may, as a result of discrimination 
training, learn not to press the lever when a light is on. If we remove the rat 
from the experimental chamber and return it a month later, we may fi nd that 
it presses the lever whether the light is on or not. If so, the rat has forgotten 
the discrimination learned earlier. Similarly, a stimulus associated with an 
aversive event will suppress ongoing behavior, a phenomenon called condi-
tioned suppression (see Chapter 4). If, after the training ends, conditioned sup-
pression no longer occurs, or is less pronounced, then forgetting has occurred 
(Hammond & Maser, 1970). In these instances, forgetting means the reappear-
ance of a behavior, not its disappearance. 

 REVIEW  Forgetting is the deterioration of learned behavior after training ends. Forgetting 
usually involves a decrease in the strength of a behavior, but under certain 
circumstances, it can mean an increase in strength. Forgetting is typically in-
complete. An individual may fail to perform in exactly the same way it did at 
the conclusion of training, yet some evidence of learning may linger. Thus, 
there are degrees of forgetting. There are several ways that the degree of for-
getting can be measured, and we consider some of them now.

Measuring Forgetting
Forgetting, like learning, occurs in time. In measuring forgetting, researchers 
usually observe behavior after a period during which the learned behavior is 
not performed. After this retention interval, they test in various ways for evi-
dence that the learned behavior is still intact. 

In free recall, the individual is given the opportunity to perform a previ-
ously learned behavior following a retention interval. An example is the stu-
dent who is required to learn a poem by heart and then is asked to recite it 
again after a period of time. Or you might have someone learn a fi nger maze 
(a small maze that is “run” with a fi nger or stylus) and then have him run the 
maze after a period without practice. Forgetting is the deterioration in perfor-
mance over the retention interval. 

The free recall method can also be used to study animal forgetting. A pi-
geon may learn to peck a disk for food. After training, the bird is removed from 
the experimental chamber and returned to its home cage. A month passes, 
during which time the bird has no opportunity to obtain food by pecking on a 
disk. After the retention interval, the bird is returned to the training cage. If it 
pecks the disk as it did in the last training session, no forgetting has occurred. 

The ability of animals to retain what they learn is often impressive. In 
one study, John Donahoe and David Marrs (1982) trained a pigeon to peck a 
disk when it was green but not when it was red. They found that the bird con-
tinued to discriminate correctly after a retention interval of 12 years, which is 
to say when it was a very old pigeon indeed.
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Although free recall is what most of us think of when we think of mea-
suring forgetting, it is sometimes a rather crude yardstick. The student who 
cannot recall a French word he studied earlier has not necessarily forgotten 
everything about the missing word. He may be able to say that the word has 
three syllables, that the emphasis is on the middle syllable, that the word 
starts with the letter f, that it means window. Clearly the effects of the learn-
ing experience have not been entirely lost, but the free recall method does not 
recognize this fact.

A variation of the free recall technique is sometimes used to get at these 
more subtle remnants of learning. Known as prompted or cued recall, it con-
sists of presenting hints, or prompts, to increase the likelihood that the be-
havior will be produced. A person who has studied a list of French words, for 
example, may be given a list of anagrams of the words; the participant’s task 
would then be to unscramble the letters. Failure to do so indicates forgetting. 
It’s also possible to provide a series of prompts and measure the degree of for-
getting by the number of prompts required to produce the behavior. You 
might, for instance, give a person the fi rst letter of a French word learned ear-
lier. If she does not answer correctly, you provide the second letter. If that 
does not prompt the correct word, you provide the third letter, and so on until 
the word is recalled.

Animal forgetting can also be studied with prompted recall. A chimp will 
learn to get fruit from a vending machine by inserting tokens into a slot 
(Cowles, 1937). If it fails to do so after a retention interval, we might prompt 
the behavior by offering the chimp a token. If the animal uses it correctly, then 
the effects of the previous learning experience have not been completely lost. 

The relearning method measures forgetting in terms of the amount of 
training required to reach the previous level of performance. There is usually 
a savings compared to the original training program, so this is also called the 
savings method. Hermann Ebbinghaus (1885), the German psychologist who 
conducted the world’s fi rst experiments on forgetting, used the relearning 
method. He memorized lists of nonsense syllables, such as ZAK, KYL, and 
BOF, until he could produce the list twice without error. Then, after a reten-
tion interval, he relearned the list. If it took fewer trials to learn the list the 
second time, this savings provided a measure of forgetting. The greater the 
savings, the less the forgetting.

Relearning can be used to study forgetting in animals. If a rat takes 30 tri-
als to learn to run a maze without errors, and if it takes the rat 20 trials to 
reach that same criterion after a retention interval, then there has been a sav-
ings of 10 trials. If another rat has a savings of 15 trials, this second rat has 
forgotten less.

 Query 2:  The relearning method is also called the  method.

Another way of measuring forgetting is called recognition. In this case, 
the participant has only to identify the material previously learned. Typically 
this is done by presenting the participant with the original learning materials 
as well as some new material. The person might be shown a list of Navajo 
words and be asked to say which ones were on a list learned earlier.

Another kind of recognition procedure is often used to study forgetting in 
animals, particularly pigeons. The procedure is called delayed matching to 
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sample, or DMTS (Blough, 1959). DMTS is similar to the matching to sample 
procedure introduced in Chapter 6, except that the animal is prevented from 
performing following presentation of the sample—the stimulus to be 
“matched.” In a typical experiment, a pigeon is presented with a row of three 
disks. The middle disk is illuminated for a brief period by either a yellow or a 
blue light. After this, the two disks on either side are illuminated, one with a 
yellow light, the other with a blue one. If the bird pecks the disk that matches 
the sample (the middle disk), it receives food. Once the bird has learned to 
match the sample, the experimenter introduces a delay between the offset of 
the sample and the illumination of the two alternative disks. The bird is asked 
to recognize the training stimulus; failure to do so indicates forgetting. DMTS 
can, of course, be used to measure forgetting in humans, but it is more often 
used in animal research.

Another measure of forgetting that is often used with animals is the ex-
tinction method. Two rats might be trained to press a lever, after which the 
behavior is put on extinction. In one case there is no delay between training 
and the beginning of the extinction procedure; in the other case, the rat is re-
moved from the chamber for a time and then returned to the training cham-
ber for the extinction procedure. How fast does the behavior extinguish in 
these two situations? If extinction proceeds more rapidly after the retention 
interval, forgetting has occurred.

Forgetting may also be measured as a fl attening of a generalization gradi-
ent, a method sometimes called gradient degradation. To the extent that train-
ing establishes stimulus control, any decline in the steepness of the general-
ization gradient indicates forgetting. For example, a pigeon may be trained to 
peck a disk that is a medium yellow. If, immediately after training, the bird is 
tested with disks that vary from dark yellow to very pale yellow, we would 
expect to see a steep generalization gradient, with the highest rate of pecking 
at the disk when it is medium yellow. If the bird is again tested a month later, 
it might have a greater tendency to peck disks that are lighter or darker than 
the training disk. This will yield a fl atter generalization gradient, a measure 
of forgetting (Thomas, 1981).

It is sometimes suggested that forgetting can be measured without mea-
suring performance. According to this argument, if we ask someone, “Do you 
remember how to ski?” the person does not need to ski to convince us that he 
remembers something about skiing; he can describe how one skis. This is 
true enough, but the argument confuses two different skills. One skill is ski-
ing (procedural knowledge, according to the memory theorists; see the earlier 
discussion); the other skill is talking about skiing (declarative knowledge). A 
person may be able to describe what one does in skiing yet be unable to ski. 
Similarly, a person who spent years skiing may be able to ski yet be unable to 
describe the process any better than a novice. The only way deterioration in 
skiing can be measured is to observe skiing. The only way to evaluate the de-
terioration of talking about skiing is to observe talking about skiing. In each 
case, forgetting is measured by observing performance.

 REVIEW  Forgetting may be measured in various ways, including free recall, prompted re-
call, recognition (including delayed matching to sample), relearning (or sav-
ings), and the extinction method. There are other ways of measuring forget-
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ting, mainly variations on the methods just described. Together these methods 
have allowed researchers to tackle the problem of forgetting. Their research 
has provided considerable insight into why we forget.

Variables in Forgetting
A famous musician once said that if he went without practicing the piano for 
one day, only he knew it; if he skipped two days, only he and his tutor knew it; 
if he skipped three days, everyone knew it.2 He was talking about forgetting. 
He recognized that even after mastering a skill at a very high level, that mas-
tery deteriorates if the skill is neglected. But why? Why do we forget anything?

Very likely the musician believed that the passage of time since his last 
practice session caused forgetting. This is what most people think: The neuro-
logical “record” of learning breaks down or decays, like so much roadkill, 
with the passage of time. It can’t be denied that there is a strong relationship 
between the length of the retention interval and forgetting. Ebbinghaus (1885) 
found, for instance, that it took him longer to relearn lists of nonsense sylla-
bles after a long retention interval than after a short one. More carefully de-
signed research with animals has shown the same thing. R. M. Gagné (1941) 
trained rats to run down an alley to fi nd food. After the training, Gagné tested 
the rats using the relearning method. Some rats relearned after an interval of 
3 days, others after 7 days, 14 days, and 28 days. The results showed clearly 
that the longer the interval between training and relearning, the greater the 
forgetting (see Figure 11-1).

In another study, Henry Gleitman and J. W. Bernheim (1963) trained rats 
to press a lever on an FI schedule and then removed the animals from the 
training cage for either 24 hours or 24 days. The cumulative records from 
these sessions showed that there was less of the scalloping associated with FI 
schedules (see Chapter 6) after the longer interval. After a period of 24 hours, 
rats were likely to pause following reinforcement; after a period of 24 days, 
they continued to press the lever. This failure to pause after reinforcement in-
dicated greater forgetting.

Such studies clearly show that forgetting increases with the passage of 
time. The question is whether the passage of time causes the forgetting that 
occurs. John McGeoch (1932) argued that it did not. Time cannot explain for-
getting, McGeoch said, because time itself is not an event. Time is not some-
thing that occurs but rather an invention for talking about the occurrence of 
events. An hour, for example, is 1/24 of Earth’s rotation on its axis; a week is 
seven complete rotations of the planet; a year is one complete revolution of 
Earth around the sun, and so on. Time itself is not an event and can therefore 
not be said to cause other events.

Thus, the image on a fi lm fades with time, but it is the action of sunlight, 
not time, that causes the fading. People develop illnesses over time, but it is 

2In a previous edition, I attributed this statement to Chopin. I immediately received email 
saying it wasn’t Chopin, it was Louis Armstrong or Igor Stravinsky or Ringo Starr or Fats 
Waller or somebody else. To avoid offending people, I now say vaguely, “a famous musician.” 
(But it was really Chopin.) 



Memory and Forgett ing  349  

bacteria and viruses and toxins that cause disease, not time. Learning occurs 
in time, but it is certain kinds of experiences, not time, that change behavior. 
Likewise, forgetting occurs in time, and the neurological “record” of learning 
may, in fact, decay, but if decay occurs, time does not cause it. “Time, in and 
of itself,” wrote McGeoch, “does nothing” (p. 359).

 To explain forgetting, then, we must identify the events that account for 
its occurrence. Some of those events have been identifi ed, and we may now 
turn our attention to them.

Degree of Learning

The better something is learned, the less likely it is to be forgotten.3 Ebbing-
haus (1885) demonstrated this long ago. He found a systematic correlation be-
tween the number of learning trials and the amount of forgetting. When he 
practiced a list eight times, for example, the next day he could recall very lit-
tle; when he practiced a list 64 times, the next day his recall was nearly 
perfect.

Ebbinghaus demonstrated that learning apparently continues even after 
we seem to have achieved mastery. William Krueger (1929) performed a fa-
mous study that showed just how powerful such overlearning can be. He 
asked adults to learn three lists of words, with each list containing 12 one-
syllable nouns. He presented the words one at a time at the rate of one word 
every two seconds. After going through the list the fi rst time, the partici-
pant’s task was to say each word before it was presented.

Training differed for each of the three lists. The participants worked at 
one list until they produced all 12 words correctly and then stopped. On an-
other list, they continued working beyond this level; this time they went 
through the list half again as many times as it took to reach one errorless 

Figure 11-1 Retention interval and forgetting. Average number of trials required to re-
learn a response increased with the length of the retention interval. (After Gagné, 1941.)
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3Please note that the degree of learning is not necessarily indicated by the degree of confi dence 
that a person has in his or her recall. During the U.S. Senate investigations of the Watergate 
scandal of the 1970s, a key witness was Nixon’s legal advisor, John Dean. Dean provided hours 
of detailed testimony about conversations that he seemed to recall with photographic memory. 
But a comparison of Dean’s testimony with recorded conversations shows that Dean’s recollec-
tions were far from photographic. Though apparently confi dent of his recollections, he “remem-
bered” things that never happened and forgot things that had (Belli, Schuman, & Jackson, 1997). 
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trial. On the third list, the participants went through twice as many trials as 
it took them to learn the list. Suppose, for example, that a given participant 
took 14 trials to get all 12 words correct on each of the three lists. On one of 
the lists, he would be allowed to quit (zero overlearning); on another he would 
be asked to do seven more trials (50% overlearning); and on the third he would 
do another 14 trials (100% overlearning). After this initial training, Krueger 
had his participants relearn the lists. Some participants relearned after an in-
terval of only 1 day; others relearned after 2, 4, 7, 14, or 28 days.

The results clearly showed that the participants recalled more words from 
the lists they had overlearned. Moreover, the greater the amount of overlearn-
ing, the less they forgot. One hundred percent overlearning paid higher divi-
dends than 50% overlearning, but the difference was not as great as that be-
tween no overlearning and 50% overlearning. This suggests that there is a 
point of diminishing returns in overlearning (for more on this, see Under-
wood, 1957).

Ebbinghaus and Krueger measured the degree of learning in terms of the 
number of practice trials. In recent years, some researchers have measured de-
gree of learning in terms of the number of correct responses per minute. This 
measure is referred to as fl uency (Binder, Haughton, & Van Eyk, 1990; see also 
Chapter 2).

Suppose that two students are learning the English synonyms for a list of 
German words. They might do this by going through a series of fl ash cards, 
turning each card over as they go to see whether each answer is correct. Sup-
pose that after 10 trials, both students can go through a stack of 20 cards 
without error in 1 minute. This is their degree of fl uency. One student stops 
at this point, while the other continues practicing until she can go through 
those 20 cards in 30 seconds without error. Her rate of fl uency is now twice 
that of her classmate. There is evidence that higher rates of fl uency produce 
lower rates of forgetting (Johnson & Layng, 1992).

The benefi ts of overlearning may endure well beyond the fi nal exam. 
Harry Bahrick (1984) found that a good indication of how well a person re-
membered Spanish 20, 30, or even 50 years after studying it in high school was 
how thoroughly he or she had learned it. People who had studied Spanish for 
only a year and earned a grade of C remembered little of what they once knew. 
Those who had studied Spanish for three years and earned A’s did very well 
when tested, even 50 years later. The difference was not due to differences in 
the opportunity to practice the language over the years but to how well the 
language was learned originally. Things that are thoroughly learned and prac-
ticed over an extended period, Bahrick concludes, go into “permastore.” 

Findings of this sort have obvious implications for students who want to 
retain what they learn after their graduation ceremony.

Prior Learning

Forgetting occurs rapidly when we learn unrelated words, random digits, 
and nonsense syllables. Fortunately, more meaningful material is easier to 
hold onto.

K. Anders Ericsson and John Karat (reported in Ericsson & Chase, 1982) 
demonstrated this with sentences from stories by John Steinbeck. They read 
the words in these sentences, one word per second, as though they were read-
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ing digits or nonsense syllables. Sometimes the words were in their correct 
order, sometimes the words were presented randomly. Not surprisingly, the 
original sentences were recalled far better than the same words in scrambled 
order. Most people could recall only about six words correctly when the words 
were in scrambled order. But people could recall complete sentences of 12 or 
14 words when presented in their Steinbeckian splendor. Two of the 20 par-
ticipants could even recall this 28-word sentence: “She brushed a cloud of hair 
out of her eyes with the back of her glove and left a smudge of earth on her 
cheek in doing it.”

To say that the rate of forgetting varies with the meaningfulness of the 
material learned raises a question: What determines whether something is 
meaningful? We may get an idea by asking ourselves what would happen if 
we repeated the Ericsson and Karat study with people who did not speak a 
word of English. It is likely that in this case there would be little difference in 
recall between the original sentences and a random arrangement of words. 
Thus, when people speak of the meaningfulness of what is learned, they are 
really talking about the importance of prior learning.

We can see the benefi t of previous learning in studies of forgetting and ex-
pertise. In one study, A. de Groot (1966) arranged pieces on a chessboard as 
though a game were in progress. He allowed chess players to study the boards 
for fi ve seconds and then asked them to reproduce the arrangement of pieces 
on a cleared board. Some of de Groot’s participants were chess masters, while 
others were members of a chess club. When he compared the two kinds of 
players, he found that the chess masters were right 90% of the time; club play-
ers were right only 40% of the time.

De Groot’s data argue for the infl uence of previous learning on forgetting. 
But there is another possibility: Perhaps chess masters simply forget less than 
other people. To test this hypothesis, William Chase and Herbert Simon (1973) 
arranged chess pieces on the board in a random fashion and then showed it to 
chess masters and ordinary players. If the chess masters had fantastic ability 
to recall, the arrangement of pieces would make no difference; the experts 
would still come out on top. But Chase and Simon found that the chess mas-
ters’ superb recall disappeared. In fact, under these conditions, they could re-
call no better than ordinary players. Their spectacular memories, it turns out, 
apply only when the chess pieces are placed on the board in “patterns that 
have become familiar with years of practice” (Ericsson & Chase, 1982, p. 608). 
Other studies show that past learning plays an important role in recall for 
contract bridge (Charness, 1979), circuit diagrams (Egan & Schwartz, 1979), 
and architectural drawings (Akin, 1983).

It is clear, then, that previous learning can reduce forgetting. Under some 
circumstances, however, old learning can interfere with recall, a phenomenon 
called proactive interference.4 

Proactive interference is often studied in people by means of paired asso-
ciate learning, a technique invented by Mary Calkins near the end of the 19th 
century (Calkins, 1894, 1896; see Madigan & O’Hara, 1992). Typically, the ob-
ject is for the person to learn a list of word pairs, such as hungry-beautiful, so 
that when given the fi rst word (hungry), the participant produces the second 

4Also sometimes referred to as proactive inhibition.
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(beautiful). Usually, the list is taught by repeatedly presenting the participant 
with the fi rst word in each pair, asking for the word that goes with it, and 
then presenting the correct word.

 Query 3:  What sort of learning procedure (Pavlovian, operant, observational) is paired 
associate learning?

Typically in these studies all participants learn an A-C list (e.g., hungry-
beautiful), but some participants fi rst learn an A-B list (e.g.,  hungry-fortunate). 
Then, after a period of time without practice, all participants try to recall the 
A-C list. Any difference between the two groups in recall can be attributed to 
learning the A-B list. These studies reliably show that learning the A-B list in-
terferes with recall of items later learned on the A-C list. Moreover, the more 
lists one learns before the test (A-C) list, the more interference there will be 
(Underwood, 1957; see Figure 11-2).

Interference from previous learning accounts for forgetting in more com-
plicated situations. Consider, for example, the fi ndings of a classic study by 
the famous British psychologist, Sir Frederick Bartlett. 

Bartlett (1932) had people read a Native American folktale called The War 
of the Ghosts. Although the story runs well under 400 words, it is, by contem-
porary Western standards, disjointed and confusing. Bartlett had people read 
the story through twice and then, 15 minutes later, reproduce the story as ac-
curately as they could. Bartlett also had the participants recall the story on 
other occasions over the coming weeks and months “as opportunity offered.” 
When Bartlett examined the successive recollections, he found that the story 
became simpler, more coherent, and more modern. This fi nding can be under-
stood partly in terms of proactive interference: Previous learning about how 
stories are constructed interfered with recalling a different sort of story.

Social psychologists Jerome Levine and Gardner Murphy (1943) studied 
the effects of proactive interference in a different way. They had college stu-
dents read a passage and then, 15 minutes later, reproduce it as accurately as 

Figure 11-2 Interference and forgetting. Underwood plotted data from a number of 
studies and found that forgetting increased with the number of previously learned lists. 
(After Underwood, 1957.)
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possible. The students then read a second passage and, 15 minutes later, tried 
to reproduce it. The students read and attempted to reproduce the two pas-
sages each week for four weeks. Both passages were on what was then a very 
controversial topic: communism. One of the passages expressed anticommu-
nist sentiments; the other was favorable to communism. Some of the students 
were strongly disposed toward communism while others were strongly op-
posed to it. The researchers were interested in whether these personal inclina-
tions would affect recollection.

They did. The results clearly showed that students who were procommu-
nist forgot more of the anticommunist passage, while students who were anti-
communist forgot more of the procommunist passage.

Such fi ndings are usually interpreted in terms of the effects of attitude or 
belief on forgetting. But because no one is born with particular inclinations 
concerning communism (or capitalism, fascism, democracy, homosexuality, 
or other topics), we have to assume that such views are learned. Thus, studies 
showing that attitudes affect recall are really studies of proactive inter ference.

Prior learning can have a profound effect on recall; so, we shall now see, 
can subsequent learning.

Subsequent Learning

In a classic study by John Jenkins and Karl Dallenbach (1924), two college stu-
dents learned lists of ten nonsense syllables. The researchers tested the stu-
dents for forgetting after one, two, four, or eight hours of either sleep or wake-
fulness. The results showed that they forgot less after a period of sleep than 
after a similar interval of activity (see Figure 11-3). 

Other studies showed that periods of inactivity produce less forgetting 
than comparable periods of greater activity. In one study, immobilized cock-
roaches forgot less than those allowed to move about (Minami & Dallenbach, 
1946).

Figure 11-3 Forgetting and sleep. Number of syllables recalled by one student after 
intervals of sleep and waking. (Compiled from data in Jenkins and Dallenbach, 1924.)
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These and similar studies suggest that forgetting is partly due to learning. 
As Jenkins and Dallenbach (1924) put it, forgetting is “a matter of interfer-
ence, inhibition, or obliteration of the old by the new” (p. 612). Or, as another 
psychologist phrases it, “We forget because we keep on learning” (Gleitman, 
1971, p. 20).

When what we learn interferes with earlier learning, the phenomenon is 
called retroactive interference.5 New learning reaches into the past, as it were, 
to interfere with earlier learning.

Like proactive interference, retroactive interference is often studied by 
having people learn two or more lists of paired associates. First, the A-B list is 
learned to a given criterion or for a given number of trials. Then, the A-C list 
is learned. Finally, the participant’s ability to recall the A-B list is measured. 
Evidence of forgetting on the A-B list can be attributed to interference from 
learning the A-C list. If, for example, a person forgets the A-B pair, hungry-
beautiful, this may be because of having learned the A-C pair, hungry-
virtuous.

Benton Underwood and his colleagues did a number of experiments with 
paired associates to study the interference effects of learning. In one experi-
ment, he and Leland Thune (Thune & Underwood, 1943) had college students 
learn lists of ten paired associates made up of adjectives. Each participant 
learned an A-B list, then relearned the list after a 20-minute delay. During the 
delay period, some students just rested, while others had from 2 to 20 trials on 
an A-C list. Notice that the time lapse was the same for all participants; the 
difference was in the learning that took place during the retention interval. 
The results showed that learning the A-C list interfered with recall of the A-B 
list. Moreover, the better the A-C list had been learned, the more it interfered 
with recall of the A-B list.

 Query 4:  Thune and Underwood used the  method of studying 

forgetting.

You experience much the same thing in your everyday life when, for ex-
ample, you fi nd that after learning your new license plate number, you can no 
longer recall the old one. Similarly, teachers often fi nd it difficult to remem-
ber the names of previous students after learning the names of new students. 
And when an accountant learns new tax regulations, the old regulations slip 
away. New learning often pushes out old learning.

Interference from subsequent and prior learning is an important factor in 
forgetting. A related factor is the context in which learning and recall occur.

Context

McGeoch (1932) suggested that the context in which learning occurs affects 
forgetting. The idea is that learning inevitably occurs within a particular con-
text—that is, in the presence of a given pattern of stimuli. These stimuli then 

5Also sometimes referred to as retroactive inhibition.
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act as cues that serve to evoke behavior. If, later on, these cues are absent, per-
formance suffers. This is sometimes called cue-dependent forgetting.6 

Consider the case of a person who learns a list of words in the morning 
and then is tested on those words in the afternoon. Both sessions occur in a 
research cubicle with a chair, two tables, and a window; the walls are painted 
a uniform off-white, and there are no decorations. The two environments 
seem identical, but wait: In the morning the window looked out on a foggy 
landscape, but by afternoon the sun was shining; the researcher was rather 
abrupt and sour in the morning, but by afternoon he was all smiles; in the 
morning, the heating system blew warm air on the participant from a heat 
vent; by afternoon it was warm enough that the heat was off. Can such insig-
nifi cant differences in the two situations affect forgetting?

A number of experiments suggest that they can. In one study, Charles Per-
kins and Robert Weyant (1958) trained rats to run a maze. Some rats learned 
to run a black maze; others learned to run a white maze. The mazes were in 
all other respects identical. After a retention interval of only one minute, the 
experimenters put the rats back into the mazes. This time, however, there 
was a difference. Some of the rats that had learned in a white maze were tested 
in a black one, and some of those that had learned in a black maze were tested 
in a white one. There was little evidence of forgetting when the animals ran 
the same maze they had been trained in, but performance suffered when the 
maze was a different color from the maze used during training.

The same sorts of effects have been demonstrated with people. Joel Green-
spoon and R. Ranyard (1957) had students learn lists of words under two dif-
ferent conditions, standing up or sitting down. After this, the students re-
called the lists as well as they could. Some tried remembering while standing 
up, others while sitting down. The results showed that students performed 
better when tested under conditions similar to those under which they had 
learned: Those who had learned the lists standing up remembered them best 
when standing up; those who had learned the lists while sitting down remem-
bered them best while sitting down.

Duncan Godden and Alan Baddeley (1975) performed another imaginative 
study on the effects of context. In this study, adults learned a list of words. 
Some of them learned the list on dry land; others learned the list while under 
water! After training, the participants tried to recall the list. The experiment-
ers tested some participants under the same conditions under which they 
learned, but they tested others under the opposite conditions. For example, 
some students who learned words on dry land tried to recall those words un-
der water. The results showed that recall suffered when the testing situation 
was different from the training situation.

The infl uence of context on recall can be illustrated from everyday expe-
rience. For instance, you may know the name of the person who sits next to 

6The phenomenon can be likened to stimulus control: A behavior occurs in the presence of 
certain stimuli but not in their absence. In cue-dependent forgetting, the cues that were pres-
ent during training are absent at a later time. In demonstrations of stimulus control, the inter-
val between the two situations (S+ and S–) is typically extremely short; in demonstrations of 
cue-dependent forgetting, the interval is typically much longer. It can also be said with consid-
erable justifi cation that all or nearly all remembering is cue-dependent because some sort of 
antecedent (cue) elicits it.
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you in history class, yet fi nd you are unable to think of it when you run into 
him in a shopping mall. You may learn a speech to perfection at home, only to 
stumble over it when in front of an audience. And most of us have had the ex-
perience of studying until we have the material “down cold” and then “blank-
ing out” in the classroom. Such anecdotes are consistent with studies show-
ing that changes in context contribute to forgetting. Even subtle differences 
in the environment can have important effects on recall.

Cues can help us improve performance, but false cues can help us “remem-
ber” things that never happened. Elizabeth Loftus and her colleagues have 
conducted numerous experiments demonstrating this. In one (Braun, Ellis, & 
Loftus, 2002), researchers asked people who had been to Disneyland about 
some of their experiences there. One thing researchers asked was whether they 
remembered shaking hands with Bugs Bunny. Many of the subjects said that 
they did. But Bugs Bunny is a Warner Brothers character, not a Disney charac-
ter, so their memory could not possibly be accurate. When researchers pro-
vided a fake ad showing people at Disneyland shaking hands with Bugs Bunny, 
the number of people recalling seeing Bugs at Disneyland increased. 

 REVIEW Forgetting increases with the length of the retention interval, but the passage of 
time is not itself a cause of forgetting. The rate of forgetting is determined by 
the amount of training, retroactive interference, proactive interference, and 
changes in context. 

Applications and Interpretations
Research on forgetting has helped us understand both animal and human be-
havior. We will consider the analysis of food gathering and eyewitness testi-
mony. Research has also suggested things we can all do to reduce forgetting, 
and we will take a look at some of these suggestions. 

Foraging

We have seen again and again that learning has tremendous survival value. 
Like camoufl age, fl ying, and razor-sharp fangs, learning ability evolved be-
cause it helped individuals survive and reproduce. Because all animals must 
eat to survive, let us examine the role of forgetting—or of not forgetting—in 
the search for food.

In the wild, the availability of food is variable. In particular, food crops 
tend to be abundant at certain times and scarce at others. One way around the 
problem is to eat as much as possible when food is plentiful, and then hiber-
nate or sleep a great deal when food is in short supply. Another approach is to 
migrate when food supplies dwindle to areas where food is more plentiful. A 
third tactic that works well for a species, although it lacks appeal for the indi-
vidual, is to have a short life cycle. Many insects are born in the spring, when 
food becomes available, and die in the fall, when the weather turns cold and 
food supplies dry up. Many animals, including humans, have taken a fourth 
course: They reduce the disparity in food supply by storing up excess food 
when it is plentiful and drawing on these caches when food runs short.
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Obviously, people can remember where they cached food for later con-
sumption. Can other animals do so? The popular belief seems to be that most 
animals, including birds and mammals, forget rapidly. In some circumstances 
they do. Certain laboratory studies have shown, for example, that pigeons can 
recall a brief sequence of key pecks only a matter of seconds (Parker, 1984; 
Shimp, 1976). However, foraging studies suggest that the forgetting curve may 
be far less steep when what is learned is important to survival.

The Clark’s nutcracker, a yearlong resident of the American Rocky Moun-
tains, is a case in point (Kamil & Balda, 1985, 1990a, 1990b). It feeds not on 
nuts but on pine seeds. Each bird needs about 10,000 seeds to see it through 
the winter, so it must set aside seeds and retrieve them later. The birds can 
store more than 30,000 seeds in over 6,000 caches. But can they fi nd the 2,000 
caches they must locate to make it through the winter?

Kamil and Russell Balda (1990b) conducted an experiment in which nut-
crackers stored seeds and were then allowed to recover them one week, three 
months, and six months later. There was some decline in the ability to fi nd 
caches after prolonged periods, but even after six months the birds found seeds 
with a level of success that could not be attributed to chance. Kamil and Balda 
estimate that if nutcrackers relied on luck, their “hit rate” (the proportion of 
successful probes to all probes) would be only about 10%. In fact, their hit rate 
is several times that level.

Further evidence supports the notion that learning accounts for the nut-
cracker’s ability to fi nd caches. In one study, Stephen Vander Wall (1982) al-
lowed two Clark’s nutcrackers to store seeds in an aviary and later retrieve 
them. Each bird found many of its own caches but seldom found caches of the 
other bird. This suggests that the birds did not fi nd seeds simply by searching 
likely cache sites or by “sniffing out” the seeds.

Other studies show similar evidence of the ability of animals to retrieve 
caches after prolonged periods, including chipmunks (Vander Wall, 1991), gray 
squirrels (Jacobs & Liman, 1991), kangaroo rats (Jacobs, 1992), and monkeys 
(Menzel, 1991). 

Eyewitness Testimony

Elizabeth Loftus has conducted a number of studies illustrating the mallea-
bility of memory or, to be more precise, the modifi ability of performance after 
training (e.g., Loftus, 1979; 2006). Her work has all sorts of implications for 
witness interrogation, jury deliberations, and other aspects of our judicial 
system.

In her best-known work, Loftus and her colleagues showed college students 
short fi lms of traffic accidents and then asked them questions about what they 
saw. In a classic study (Loftus & Zanni, 1975), students watched a fi lm in which 
a car makes a right-hand turn into a stream of traffic. The oncoming cars stop 
 suddenly, and there is a fi ve-car collision. After viewing the fi lm, the  students 
fi lled out a questionnaire about what they saw. One question asked about a 
broken headlight. For some students, the question was, “Did you see the bro-
ken headlight?” For other students, the question was, “Did you see a broken 
headlight?” The only difference in the question was the article the or a.

The defi nite article the implies that the item was present, whereas the in-
defi nite article a implies only that the item might have been present. If I say 
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to you, “Did you see the spaceship?” the implication is that there was a space-
ship. If I say, “Did you see a spaceship?” the implication is that there might or 
might not have been a spaceship.

Loftus found that the answers she got depended on the way questions were 
phrased. Students were twice as likely to answer “yes” when the question in-
cluded the defi nite article than when it included the indefi nite article. There 
was no broken headlight in the fi lm, yet students were far more likely to re-
call seeing it if they were asked about the broken headlight than if asked about 
a broken headlight.

In another of Loftus’s studies (Loftus & Palmer, 1974), students watched a 
fi lm of a traffic accident and then estimated how fast the cars were traveling. 
Some students were asked, “About how fast were the cars going when they hit 
each other?” For other students, the researchers replaced the word hit with 
smashed, collided, bumped, or contacted. The estimated speeds varied with 
the word used in the question, with contacted resulting in the lowest speeds 
and smashed producing the highest.

Loftus had the students return a week later. Without viewing the fi lm 
again, they answered more questions about it. The critical question asked 
whether the students remembered seeing broken glass. In fact, the fi lm showed 
no broken glass, but students who had been asked earlier about cars smashing 
together were now twice as likely to report seeing broken glass as were those 
who had been asked about cars hitting one another. 

 Query 5:  Loftus found that use of the word  resulted in higher esti-

mates of car speed than use of the word hit.

Police officers, although trained to observe potential crime scenes care-
fully, are apparently no better at recalling such events than are other people 
(Stanny & Johnson, 2000). 

One thing that might help explain such fi ndings is the participant’s rein-
forcement history. For example, when you are asked, “Do you remember see-
ing the hat?” the defi nite article the indicates that there was a hat and there-
fore that reporting that you saw a hat might be reinforced. On the other hand, 
if you are asked, “Do you remember seeing a hat?” the indefi nite article a 
makes the existence of a hat less certain and less likely to be reinforced. 
Words such as the and a affect our behavior (our recall) because of our previ-
ous experiences with those words. A similar analysis can be applied to the 
differential effects of words such as hit and smashed. Hit is used when a rela-
tively mild collision occurs, and smashed is used when a more severe colli-
sion occurs. Apparently this differential learning history means that the 
words are likely to produce different reports about observed events.

Research on the effects of hypnosis on recall supports this approach. In 
one study, Bill Putnam (reported in Loftus, 1980) showed people a videotape of 
an accident between a car and a bicycle. After viewing the tape, Putnam told 
some participants they would be hypnotized and that this would enable them 
to see the accident again just as it had happened. Both groups of participants 
answered questions concerning the event, but those who were hypnotized did 
not do better. On the contrary, hypnotized participants made more mistakes 
and were more likely to be infl uenced by leading questions than those who 
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were not hypnotized. Those who were hypnotized were more likely, for exam-
ple, to report seeing a license plate if it was suggested that they had seen it. 
No license plate was visible in the tape, yet one person not only “recalled” 
seeing it, but identifi ed it as a California plate beginning with a “W” or “V.” 
Studies of so-called hypnotic regression also reveal the plasticity of our efforts 
to recall events (Orne, 1951).

Studies of eyewitness testimony and other instances of everyday memory 
teach us how frail learning can be. Most people would like to reduce their 
tendency to forget. Let us consider that problem now.

 REVIEW Learning plays a vital role in survival. Studies of foraging and the retrieval of 
food caches indicate that animals often have a remarkable talent for retaining 
learned behavior when the behavior is important to survival. Research on eye-
witness reports shows the impact of environmental events on the accuracy of 
reports about witnessed events. How accurately a person describes a wit-
nessed event depends in part on how we ask about the event. This fi nding has 
obvious implications for juries and others weighing the merits of eyewitness 
testimony.

Learning to Remember
History is replete with examples of people performing extraordinary feats of 
memory. Tradition has it that Homer was blind and earned his living by recit-
ing the Iliad and Odyssey, which he had learned by heart. Cicero and other 
great poets of ancient times learned many long poems and recited them at 
banquets and other public functions. And it is said that Dame Judith Ander-
son, the actor, once performed Hamlet—all of Hamlet, not just one role.

How do they do it? There are, no doubt, genetic differences that affect 
how well people retain what they learn. But it is increasingly clear that the 
ability to remember is to some extent a learned skill.

Animals have helped to prove this point. In one study, Michael D’Amato 
(1973) trained monkeys in a delayed matching to sample task. At fi rst, the ani-
mals were successful only after very short delays, but they improved with 
practice. A monkey named Roscoe could respond correctly after an interval of 
only about nine seconds at fi rst, but after several years of practice he was able 
to answer correctly about 70% of the time after a delay of nine minutes—a 
6,000% improvement!

Ericsson and Chase (1982) demonstrated that ordinary humans can show 
similar improvement in recall with practice. Their fi rst participant was an av-
erage college student they called SF. SF showed no special skill at remember-
ing but was eager to participate in the study. He worked with the researchers 
an hour at a time, three to fi ve days a week, for almost two years, putting in a 
total of 230 hours. Training consisted of presenting SF with series of digits, 
one per second, which he then tried to reproduce. The experimenters gave no 
instruction or suggestions as to how SF was to learn the lists, and at fi rst there 
was no improvement. He could reliably recall seven digits, but that was all. 
But after a time his “memory span” seemed to stretch. He could recall 9 dig-
its, 12 digits, 15 digits. The previous record was 18 digits, a feat performed by 
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a German mathematician named Ruckle. SF broke through that barrier and 
went on to set a new record of 82 digits!7

Can we improve our ability to remember more useful things, such as 
mathematical formulas, Spanish verbs, historical names and dates, lines of 
poetry, and where we parked our car? The answer is yes, but not without ef-
fort. Let us consider a few of the more important ways of reducing forgetting.

Overlearn

We saw earlier that there is a strong, inverse relationship between the degree 
of learning and the rate of forgetting. The implication is clear: To forget less, 
study more.

Do not merely go through those German fl ash cards until you get all the 
words correct one time; keep at it until you reach a rate of fl uency of, say, 30 
cards a minute (see the accompanying boxed feature, “Say All Fast Minute 
Each Day Shuffle”). To give a good speech, continue practicing even after you 
are satisfi ed with your performance. To play a sonata brilliantly at the con-
cert, continue practicing after you get through it without errors. To do a good 
job in the play, go to all the rehearsals and spend extra time practicing your 
lines.

As noted earlier, there is a point of diminishing returns from overlearn-
ing, with each additional trial resulting in a smaller improvement in recall 
later on. Nevertheless, overlearning does reduce forgetting.

Use Mnemonics 

A mnemonic is any device for aiding recall. Typically, these devices involve 
learning cues that will later prompt the desired behavior.

One common mnemonic is rhyme. Perhaps the best-known example is 
the little ditty we all memorize to help us remember the spelling of certain 
words: “Use i before e, except after c, and when sounding like a, as in neigh-
bor and weigh.” Another is the rhyme that reminds us how many days are in 
each month: “Thirty days hath September, April, June, and November . . .” In 
the musical play My Fair Lady, Professor Higgins has Eliza Doolittle learn 
pronunciation and enunciation by repeating the line “The rain in Spain falls 
mainly in the plain.” If the plains of Spain do get most of the country’s rain, 
this bit of rhyme would help us remember that fact.

Sometimes a mnemonic combines rhyme with a code in which, for exam-
ple, the fi rst letter of each word to be learned is the fi rst letter of a word in the 
rhyme. Medical students learn the names of the 12 cranial nerves by memo-
rizing the following doggerel:

On Old Olympus’s towering top,
a Finn and German
vault and hop.

The fi rst letter of each word provides the fi rst letter of each cranial nerve (op-
tic, otolaryngeal, etc.), and this hint helps prompt the wanted terms.

7Ericsson and Chase (1982) replicated these results with another college student, called DD, 
who had reached a level of 75 digits as of the publication of their article.
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Sometimes we can get by with a sentence that does not rhyme. To recall 
the names of the planets in our solar system in their relation to the sun (Mer-
cury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, Neptune, Pluto), we have 
only to remember that “Many very early maps just show us nine planets.” 8

Can’t remember the value of pi? British psychologist and memory expert 
Alan Baddeley (1976) points out that all you need to do is say, “Pie. I wish I 
could remember pi.” The number of letters in each word gives you the answer 
to six places: 3.141582. 

A similar mnemonic is the acronym, a set of letters forming a pronounce-
able set; each letter provides the fi rst letter of a word. NATO, for example, is 
the North Atlantic Treaty Organization. The colors of the prism in their right 
order are remembered as Roy G. Biv, for red, orange, yellow, green, blue, in-
digo, and violet. And it is relatively easy to recall the names of the Great 

Almost everyone considers fl ash cards a bit old-fashioned today, but Ogden Lindsley 
believed that, old-fashioned or not, fl ash cards work—if they are used properly. The 
problem is that many students do not use them properly. How should they be used? 
Lindsley answered with an acronym to help you remember: SAFMEDS. 

SAFMEDS stands for “Say All Fast Minute Each Day Shuffl e.” Say the answer be-
fore you turn a fl ash card over. Go through All of the cards, or as many as you can, as 
Fast as you can, in one Minute. Do this Each Day. After you go through the cards, Shuf-
fl e them.

This use of fl ash cards is very different from what most students do, and the differ-
ences are important. In particular, Lindsley puts great emphasis on the rate at which 
the student goes through the cards. Often students stare at a card for several seconds 
or even minutes, trying to recall the correct response.* The one-minute time limit puts 
pressure on the student to work quickly. It also provides a convenient measure of fl u-
ency. Each time you make an error, you toss that card aside. At the end of a minute, 
you count the number of cards you got right. At fi rst, you may get only 10 or 15 correct 
answers in a minute. But with practice you may get 40, 50, 60, or even more correct 
answers in a minute. This means you can easily assess your degree of learning and the 
likelihood that you will forget.

Students are inclined to cram before exams, and this leads to rapid forgetting. 
Lindsley advises students to distribute their practice by using the cards at least once 
each day.

Finally, the sequence of cards can provide clues about the answers. The student 
may go through the cards without error but fi nd he does not know the answers in a dif-
ferent context, such as a test. For this reason, it is important to shuffl e the cards after 
each use.

Flash cards are out of favor with some educational experts these days, and have 
been for many years. Fortunately, this does not prevent them from working!

*Another mistake many students make is to fi ll the back of the card with information. This turns the 
fl ash card into a notebook, which is pointless. The back of the card should have at most a few words.

Say All Fast Minute Each Day Shuffl e

8Some narrow-minded people now say Pluto is not a planet, so this mnemonic doesn’t quite 
work. You could try, “Many very early maps just show us nothing.” 



362  CH A P TER ELEV EN

Lakes (Huron, Ontario, Michigan, Erie, and Superior) once you have learned 
that they spell HOMES.

Try a Mnemonic System 

Books that offer to improve memory typically devote considerable space to 
what are called mnemonic systems. Professional entertainers who do “impos-
sible” memory feats, such as learning the names of 30 or 40 people in an audi-
ence, typically use a mnemonic system.

One popular system is the method of loci. This system dates back to the 
times of the ancient Greeks. Legend has it that a roof collapsed during a party, 
killing everyone inside and disfi guring many of the revelers so badly that they 
could not be recognized. A poet named Simonides, who had left the building 
just before the roof fell in, was able to identify the bodies by recalling where 
each person had been sitting. Thus, the method of loci fi xes each fact to be re-
called to a particular location. Later, when it is necessary to recall that fact, 
we simply “go to” the location and “see” what is there.

Typically the locations used are familiar places. You might use the house 
in which you grew up, or a park where you regularly jog. Any place will do as 
long as it is sufficiently large to hold a number of items and as long as you can 
“see” it fairly clearly when you close your eyes.

Here is how the method of loci works: Suppose you must remember to buy 
several items at the grocery store: bread, milk, eggs, radishes, lettuce, paper 
towels, and toothpaste. And suppose the locus that you use is a park you fre-
quently visit. You begin an imaginary walk through the park. Along the path 
there are various landmarks, and at each landmark you place one of the things 
to be remembered. You come to a park bench and put the loaf of bread on the 
bench, perhaps enlarging the loaf so that it takes up the entire bench. You 
continue your walk and come to the second landmark, a huge oak tree with a 
cavity where a branch has long since fallen off. You put a carton of milk in the 
cavity but extending out of it so that you will see it later on when you pass by. 
Just as you move on, you see that the carton is leaking, and milk is spilling 
down the side of the tree and onto the path. Next, you come to a small pond, 
where a family of ducks is often to be seen. You see a duck in harness pulling 
a barge laden with a carton of eggs. The rest of the items are distributed along 
the path in the same way.

When you arrive at the grocery store, you can recall the items on the list by 
walking through the park. As you approach the park bench, you see someone is 
taking a nap. When you get closer, you see that it is not a person at all, but a 
huge loaf of bread. You walk on and come to the huge oak. The walk is covered 
with some sort of white liquid. You look up and see a leaky milk carton in the 
tree’s cavity. Farther along the trail you come to the pond . . . and so on.

Another popular mnemonic system is called the peg word system. In this 
approach, one memorizes a list of “pegs” on which items can later be hung, 
much as you hang a hat on a peg. The pegs are numbered and made easy to re-
member by making them rhyme with their numbers. For instance, the peg 
word for number one is usually the word bun; two is shoe; three is tree; four is 
door; fi ve is hive; and so on.

Just about anything can be used as a peg, as long as it is a concrete object 
that can easily be imagined. Now, if you want to learn a grocery list, you fas-
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ten each item to a peg. One is a bun. Let us imagine that it is a hot dog bun. 
You put the loaf of bread into the bun as you would a hot dog. Two is a shoe. It 
is an old-fashioned shoe, the type in which the Old Woman lived. You put a 
carton of milk in the shoe. Three is a tree. You hang eggs from the tree like 
Christmas ornaments. And so on. To recall the list, you run through the num-
bers and look at the pegs.

Do such mnemonic systems really work? They do—if they are used regu-
larly. The trouble is, people tend not to use them, at least not for long. Even 
memory researchers do not use them (Parks, Cavanaugh, & Smith, 1986). The 
systems are not difficult to learn, but they probably have limited utility for 
most people. Memorizing a list of items to buy at the store is relatively easy, 
but it takes something of an expert to use the method of loci or the peg word 
system to recall the anatomical parts of a bird. It is even more difficult to use 
such a system to memorize abstract ideas, such as the tenets of Arthur Scho-
penhauer’s philosophy. Writing of mnemonics in general, Alvin Wang and 
Margaret Thomas (2000) conclude that “mnemonics may work successfully, 
but only if the learner is prepared to labor seriously at these mnemonic gym-
nastics” (p. 338). 

Use Context Cues

We saw earlier that we remember better when cues present during learning 
are present during recall. It follows that we can improve performance by iden-
tifying cues that will be present during recall and then learning in the pres-
ence of those cues.

Students typically do exactly the opposite: They study in their room, of-
ten while lying on a bed and eating some sort of snack. Or, if the weather is 
pleasant, they sit under a large tree or on a park bench. Often friends stop by 
and chat, and studying gets mixed up with socializing. When they take a test 
on what they have studied, they are typically in a classroom, seated in a rather 
uncomfortable chair, typically in the presence of a number of other students 
with whom they cannot converse. The two situations, learning and testing, 
are very different, and these differences in context no doubt account for some 
forgetting. Students fi nd themselves unable to recall facts that they “knew 
cold” before they walked into the classroom.

The clear implication is that students should study under conditions that 
closely resemble the conditions under which testing will take place. A stu-
dent studying for a paper-and-pencil exam might even do well to spend some 
time studying in the classroom where the test will take place.

A less obvious implication of the work on context is that if we want to re-
member what we learn well after the fi nal exam, we should study in a variety 
of situations. Why? Because what we learn is apt to be needed in a wide vari-
ety of situations. If you are to be an engineer, the mathematics you study to-
day may be needed at a construction site, on a factory fl oor, or in an execu-
tive’s office. If you are to be a historian, the history you study today may be 
needed not only in classrooms, but at historical sites, in libraries, and at meet-
ings of historical societies. Or, to take an example of more immediate rele-
vance, if you are trying to learn principles of learning that will reduce forget-
ting, then you should keep in mind that you will need to recall those principles 
not only where you usually study but anywhere that you are likely to learn. 
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Because what we learn is apt to be needed in many different situations, the 
best practice may be to study in many different situations: at home, on the 
bus, in classrooms and coffee shops, while walking across campus or relaxing 
on the beach—any place and every place is a good place to learn.

Use Prompts 

A prompt is a cue that evokes behavior. One sort of prompt is the memoran-
dum. To remember what groceries to buy, we make a list. To ensure we do not 
forget an important meeting, we make a note on the calendar. Memoranda are 
obviously very useful memory aids. Even pigeons have been known to use a 
kind of memorandum (Epstein & Skinner, 1981). Some would argue that mem-
oranda do not aid recall but rather remove the need for recall. But a memoran-
dum usually provides no more than a hint, a reminder, of the behavior to be 
produced. A note to “Call Jim about Mary” would be meaningless to anyone 
except the person who wrote it.

Parents used to tie a string around a child’s fi nger as a reminder to ask the 
teacher when the costumes are needed for the school play, to buy bread on the 
way home, or to turn the oven off at 4 p.m. The child sees or feels the string 
during the course of the day and this prompts him to take the appropriate ac-
tion. (Or someone else may see the string and ask what it is for, which has the 
same effect.) One problem with string is that it does not necessarily prompt 
the desired behavior at the right time. The string has given way to the elec-
tronic watch. Beep! It is time to take your medicine. Beep! It is time to call 
Margaret. Beep! It is time to turn off the oven.

But even an electronic watch can prompt a behavior only if we program it 
in advance, and that is not always possible. Suppose the weather report pre-
dicts rain. The report prompts the comment (or thought), “I should take my 
umbrella.” But it is not time to leave, and walking around the house with an 
umbrella is a nuisance. On the other hand, when you are ready to leave, you 
may forget the umbrella. What we need to do in situations like this is ensure 
that a prompt will occur when needed. You cannot be sure just when you will 
leave, so an alarm watch is not helpful. But you can put the umbrella where 
you will see it when you are about to depart. So, Skinner (1983c) suggests, when 
rain is predicted put the umbrella on the door handle. When you are ready to 
leave, you will see the umbrella and it will provide the necessary prompt.9

In the same way, we can use prompts to induce ourselves to produce weak 
behaviors. Consider the problem of trying to recall someone’s name. At one 
time you knew the person’s name but fi nd you are now unable to say it. You 
may be able to induce yourself to produce the name by using various kinds of 
prompts. For example, you might recall things about the person other than 
his name, such as the circumstances under which you met, the nature of con-
versations you have had with him, his occupation, and where he works. You 
may also recall things about the name itself that will prove helpful: that it is 
Anglo-Saxon, two syllables, with hard consonants. Recalling such things 
may, in turn, evoke the person’s name.

You might also go through the alphabet, trying to recognize the fi rst let-
ter or sound of the name. If this is successful, you may use the beginning of 

9Of course, if you leave by some other exit, you’ll probably get wet.
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the name as a prompt for the rest of the name by trying out various names 
that start with that sound: “I think it starts with ‘Ba.’ Ba . . . Barns, Barnaby, 
Baker, Bantry, Battry. Aha! It’s Batman!”

We can also try to prompt a forgotten name by practicing an introduction 
covertly (that is, to ourselves): “This is Mr. . . . ,” “I’d like you to meet . . .” In 
doing so we create an unpleasant situation from which we can escape only by 
producing the person’s name (Skinner, 1953). We may be able to do the same 
sort of thing to recall the name of the sea captain who defeated the Spanish 
armada. We simply imagine introducing him to Queen Elizabeth I: “Your 
Majesty, it is a great honor to introduce to you the hero of the Atlantic, con-
queror of the Spanish invaders, Sir . . . Francis Drake.”

As you know, any stimulus that is present during learning can later be 
used as a prompt for the behavior so learned. If, during a paper-and-pencil test 
on computer keyboard commands, you are unable to recall the command to 
begin an electronic search of a document, try putting your hands on the key-
board and typing the command. The keys may prompt the appropriate action. 
If a keyboard is not available, it may suffice to pretend that you are at the key-
board. Arrange your hands as you would if the keyboard were present and try 
typing the wanted command.

 Query 6:  Name four tactics for reducing forgetting.

 REVIEW To some extent, people can improve their ability to retain what they learn, 
mainly by using strategies to improve the initial level of learning. These strat-
egies include overlearning, using mnemonics and mnemonic systems, learn-
ing in an appropriate setting, and using prompts.

A Final Word on Forgetting
All the techniques just reviewed—mnemonics, overlearning, and so on—are 
proven ways to reduce forgetting. Yet, even when these techniques are used, 
we forget. Our bias is to think of forgetting as a bad thing. But if it is, why do 
we do it? That may seem a silly question, but we are the products of millions 
of years of natural selection. If “total recall” were helpful to survival, it seems 
likely that we would be far better at retaining what we learn. Yet we forget 
quite readily. In fact, we might compare our brains to a married man’s closet. 
Every day, his wife checks the closet looking for things to remove. “What’s 
this old shirt doing here! Out with it! These jeans! He hasn’t worn those in 
ages! They’re just taking up space—out they go. What’s this? Wide ties? No-
body wears wide ties anymore. Black-and-white oxfords? Wow! Maybe I can 
sell them at an antique store. Out they go!” The man looks into his closet and 
fi rst thinks a burglar has been through the house. “Where is everything? 
What happened to my favorite shirt? It was here an hour ago. I loved that 
shirt! And my lucky black-and-white bowling shoes. Where can they be?” 

It seems a betrayal to lose what we have learned, particularly when we 
have labored hard to acquire it. Yet forgetting is quite functional. We hear im-
pressive facts about the brain’s capacity—that there are, for example, more 
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neural connections in the average brain than there are stars in our galaxy and 
that the number of things we can learn is practically infi nite. But while the 
human capacity for learning is impressive, the idea that there is no end to the 
number of things we can retain is probably an exaggeration. People have read 
and studied the Encyclopedia Britannica, but so far as I know no one has ever 
committed its entire contents to memory. Although this is pure conjecture, I 
suspect that we must discard some memories to build new ones.

 In general, the brain seems to operate on the basis of a simple, practical 
rule: Keep what you need. If you don’t wear those wide ties, why keep them in 
your closet taking up space? Get rid of them. Save that space for something 
you’ll actually use. If you accept that our capacity for learning is the product 
of evolution, then you will realize that our ability to retain what we learn is 
important only in so far as it contributes to our survival. Survival depends on 
our ability to fi nd our way to the strawberry patch and back, to treat an in-
jury, to hunt and fi sh, to recognize people and discriminate between friend 
and foe. Our species has been on the planet for perhaps half a million years. 
Only very recently, during a very small fraction of that time, has anyone ever 
asked us to name the months of the year, to conjugate verbs in a foreign lan-
guage, to name the elements in the periodic table, to describe an event that 
happened in another country long before we were born, to solve algebra word 
problems, or to spell Massachusetts. None of these or countless other things 
that we learn and hope to retain ever played any part in the survival of our an-
cestors or of our species.

We are, in other words, not designed by evolution to be the carbon equiva-
lent of computer hard drives. We are designed to survive. So we clear out 
whatever we once learned but no longer need to know. 

One reason we do so is that there are some direct benefi ts from forgetting. 
In problem solving, including creative problem solving, it was customary to 
speak of an incubation period. In solving problems, people often reach a stum-
bling block and cannot move forward. Typically they set the problem aside 
and do something else for a time. When they return to the problem, they often 
fi nd that they can solve it.

For a long time many psychologists thought that people worked on prob-
lems unconsciously during this incubation period. Now the thinking is that 
incubation is helpful because, while we are engaged in activities having noth-
ing to do with the problem, forgetting occurs. To some extent we forget some 
of the failed assumptions and methods of attack that we used earlier, and as a 
result we are now able to see the problem in a different way and to try a differ-
ent approach. You have experienced a simple example of this if you have ever 
run into a problem while balancing a checkbook. After a time, you set the 
problem aside and did something else, and when you returned you suddenly 
saw that you had been adding 5 and 4 and getting 11 instead of 9, or perhaps 
you had treated a deposit as if it were a debit. As Lawrence Fraley (2005) puts 
it, “With the ineffective problem-solving behavior forgotten, more effective 
behavior may be evoked. . . .” (p. 7). 

 Finally, forgetting can be a blessing by taking away the overload of accu-
mulated learning. One thing often reminds us of another, and if there were no 
forgetting, this might be a terrible burden. Could we really get anything done 
if every single thing in our environment evoked reminiscences about the 
thousands of things that had been connected to those items? Besides, do you 
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really want to remember all the stupid things you said and did from the time 
you were three?

Admittedly, sometimes the alacrity with which we forget is demoraliz-
ing. A comic (whose name I cannot recall!) suggests that what the typical col-
lege student remembers from a year of course work in American history is, 
“North wore blue; South wore gray.” That is an exaggeration, of course, but it 
is an exaggeration that reveals a basic truth. We do forget a great deal of what 
we learn. So why bother learning? In particular, why spend years in school 
learning if much of that learning is bound to slip away from us?

Perhaps the answer is to be found in the realization that to learn is to 
change. We are, in a very real sense, different people each time we learn some-
thing. The white, middle-class student who reads The Autobiography of Mal-
colm X may recall little about the book, or about Malcolm X, years later. But 
despite all the student has forgotten, she may behave differently toward Afri-
can Americans as a result of having read the book. And if you one day forget 

One day, around 1920, a young man named S. V. Shereshevski walked into the offi ce 
of the now famous Russian neuropsychologist Aleksandr Luria. He had come to have 
his memory tested. 

Testing a person’s memory is ordinarily one of the easier tasks a neuropsychologist 
performs. But in the case of S, as Luria called him, it was quite diffi cult. Luria read off 
long strings of words or numbers only to have S recite them with ease, as though read-
ing over Luria’s shoulder. Even lists of 70 items caused no problem, and S would repeat 
them without error as presented or, if Luria wished, in reverse order. And S could still 
repeat what he had learned a day later, a week later, a month later, a year later, even, it 
turned out, 15 or more years later—the man never seemed to forget.

Luria tried to discover how S accomplished his amazing feats. He found that S 
used a combination of mnemonic techniques, including the method of loci. But he 
also experienced synesthesia, a synthesis of different senses. A sound, for example, 
may produce an experience of light, color, taste, odor, and touch. For S, a rainbow was 
not merely an array of colors, it was a shower of sensations. These experiences evi-
dently helped make every experience memorable. 

Students who hear of S’s talent are sure to envy him. For him, there was no need 
to spend hours struggling to learn formulas, historical dates and events, passages of po-
etry, the periodic table, or the principles of learning. All such material could be learned 
with ease and recalled years later as if by reading from an invisible book.

Yet the story of S is a rather sad one. It is sad, not in spite of his extraordinary tal-
ent, but in large measure because of it. You see, S’s talent so preoccupied him that it 
interfered with his ability to do ordinary things. Sometimes he would get so engrossed 
in the sensory qualities of a person’s voice that he could not follow what the person 
was saying. Sometimes S would interrupt a story Luria was telling. “This is too much,” 
he would say. “Each word calls up images; they collide with one another, and the re-
sult is chaos. I can’t make anything out of this” (Luria, 1968, p. 65).

The least little thing could trigger a whole series of experiences, along with all 
sorts of sensations. Most people struggle to remember, but S never stopped remember-
ing. For him, the problem was not how to remember but how to forget.

The Man Who Couldn’t Forget
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most of what you now know about learning, you may still view behavior some-
what differently from the way you would have had you not read this book. 

We are bound to forget, but even the experiences we have forgotten leave 
their mark on us. That is a point I hope you will not forget.
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 5. Luria, A. (1968). The mind of a mnemonist. New York: Avon.
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monics interfered with his ability to enjoy life.

REVIEW QUESTIONS

 1. Defi ne the following terms:
autobiographical, or event, memory overlearning
cue-dependent forgetting paired associate learning
declarative memory peg word system
delayed matching to sample proactive interference
episodic memory procedural memory
extinction method prompted, or cued, recall
fl uency  recognition
forgetting relearning method
free recall reminiscence
gradient degradation retention interval
long-term memory retroactive interference
method of loci savings method
mnemonic semantic memory
mnemonic systems short-term memory
nondeclarative memory state-dependent learning
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 2. Why do some teachers ask their students to take the same seat at each 
class meeting, particularly at the beginning of the year?

 3. John was determined to do well on the fi nal biology exam, so he studied 
from 10:00 p.m. to 2:00 a.m. each night for the two weeks  before the test. 
To keep awake, he drank strong coffee. The night before the 8:00 a.m. 
exam, he made sure he got a good night’s sleep, but he did not do nearly as 
well on the test as he expected. What explanation can you offer? Describe 
how you could test the accuracy of your explanation.

 4. How could you use fl uency to measure forgetting?

 5. Freud believed that nothing we experience is ever truly forgotten. How 
could you prove or disprove this statement?

 6. Hilda and Ethel work together to train a rat to press a lever. When they are 
satisfi ed that the behavior has been well learned, Hilda suggests that they 
remove the lever from the cage for a while and then reinstall it to see what 
happens. Ethel proposes that they leave the lever in place but disconnect 
the feeding mechanism. Then they begin to wonder whether they would 
be studying different phenomena or the same thing. What do you think?

 7. In paired associate learning, what is the reinforcer?

 8. The amount of forgetting varies directly with the length of the retention 
interval. Why, then, is time not a cause of forgetting?

 9. What is wrong with defi ning forgetting as the loss of behavior?

 10. What is the defi ning difference between free recall and prompted  recall?

 11. Which measure of learning discussed in the text is likely to detect the 
most subtle degrees of forgetting? How could you prove you are right?

 12. What does research on overlearning mean for your study practices?

 13. Which is more likely to be a factor in forgetting what you have learned 
from this course, retroactive interference or proactive interference?

 14. What is the practical signifi cance of the study by Greenspoon and Ran-
yard (1957)?

 15. Some psychologists maintain that spontaneous recovery is a form of for-
getting. Explain this.

 16. Mary went through a bad divorce and later found that the whole experi-
ence seemed a blank; she could remember almost nothing that happened. 
When she went through a second divorce some years later, she found her-
self remembering all sorts of things about her fi rst divorce. Explain why.

 17. Give an example of both retroactive and proactive interference from your 
own experience.

 18. Humans forget a great deal. Why have they not evolved a better ability to 
retain what they learn?

 19. What sorts of prompts (or self-probes) could you use to remember the name 
of the sea captain in Moby Dick?

 20. Some people say that what happened in Nazi Germany in the 1930s and 
1940s could never happen here. What have you learned about forgetting 
that would make you doubt the truth of this statement?
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PRACTICE QUIZ

 1. The period between training and testing for forgetting is called the 
 interval.

 2.  knowledge is said to be im-
plicit because it cannot be expressed.

 3. In his studies of nonsense syllables, Ebbinghaus used the 
 method.

 4. DMTS stands for   .

 5. John McGeoch argued that  does not cause forgetting.

 6. Practicing a skill even after it is performed without errors is called 
  .

 7. When experiences after training interfere with performance, the effect is 
called  interference.

 8. The tendency for performance to improve after training ends is called 
  .

 9. The research of Elizabeth Loftus and her colleagues raises doubts about 
the trustworthiness of  testimony.

 10.  studied the man who could not forget.

QUERY ANSWERS

Query 1. Forgetting is the deterioration in performance following a period 
without practice.

Query 2. The relearning method is also called the savings method.

Query 3. Paired associate learning is probably best viewed as an operant pro-
cedure. A behavior is followed by either a reinforcing or punishing conse-
quence (the correct word).

Query 4. Thune and Underwood used the relearning/savings method of 
studying forgetting.

Query 5. Loftus found that use of the word smashed resulted in higher esti-
mates of car speed than use of the word hit.

Query 6. Answers should include four of the following: overlearn; use mne-
monics; use a mnemonic system; make use of context cues; use prompts.

Workbook Chapter 3 includes:Active Learning

Workbook Chapter 11 includes exercises on:

• Metaphors of memory
• Kinds of memory
• Biology of memory
• Defining and measuring forgetting
• Variables that affect forgetting
• Applications and interpretations of behavior
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C H A P T E R

12
The Limits of Learning

BEFORE YOU BEGIN . . .

What do physical characteristics have to do with learning?

If your grandparents and parents mastered a skill, would it be easier 
for you to master it?

Do we all have the same ability to learn?

What are some of the ways that the brain’s capacity for learning can 
be reduced?

What sort of environment would you provide to maximize a person’s 
learning ability?

Are people more adept at learning certain things at certain ages?

Are people biologically disposed to learn certain kinds of things?

Is learning a good thing?

Do learning principles have anything to contribute to major social 
problems, such as pollution?

IN THIS CHAPTER . . .

Physical Characteristics

Nonheritability of Learned Behavior

Heredity and Learning Ability

Neurological Damage and Learning

box: Recipe for Genius

Critical Periods

Preparedness and Learning

box: Learning and Humanity

Conclusion

Recommended Reading

Review Questions

Practice Quiz

Query Answers
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We cannot command nature except by obeying her.

Francis Bacon

In the preceding chapters, you saw that learning plays a vital role in the be-
havior of animals and humans. It is clear, then, that to understand human 
nature—or the nature of chimpanzees, monkeys, giraffes, rats, pigeons, 

and many other animals—we must understand how behavior is changed by 
experience: We must understand learning.

But we must also understand the limits of learning. For while learning 
contributes to the differences in behavior that distinguish a person from a 
chimpanzee, and one person from another person, there are limits to what 
people and chimpanzees can learn. In this chapter, we will consider some of 
these limitations.

Physical Characteristics
Fish can’t jump rope, humans can’t breathe under water, cows can’t coil up 
like snakes. The very structure of an animal’s body makes certain kinds of 
behavior possible and other kinds of behavior impossible. What an individual 
can learn to do is therefore limited by what it is physically capable of doing. 
This is such an obvious fact that one might think it goes without saying. In-
deed, it is seldom, if ever, mentioned in learning texts. But obvious generaliza-
tions are sometimes worth making because the particulars that lead to the 
generalization are not always so obvious.

For instance, a dog’s keen sense of smell enables it to fi nd objects hidden 
from sight. Similarly, a hawk’s superb vision allows it to distinguish between 
heads and tails on a quarter at a great distance, whereas a person would be un-
able to see the coin at all. Under certain circumstances, then, dogs and hawks 
would learn faster than people. All sorts of physical characteristics set limits 
on what individuals can learn (see Figure 12-1).

Some years ago, several people tried to teach chimpanzees to talk (Hayes, 
1951; Kellogg, 1968). These efforts were almost wholly unsuccessful and con-
vinced many people that chimpanzees could not acquire language. It seemed 
that language was the one thing that set us off from furrier creatures. But 
then Allen and Beatrice Gardner (1969) began teaching Washoe, a young fe-
male chimpanzee, the sign language of the deaf. In less than two years, 
Washoe had a vocabulary of over 30 signs, and by the time she was 7, her vo-
cabulary approached 200 signs. Since the Gardners’ fi rst efforts, a number of 
other researchers have taught sign language to chimps. Researchers have also 
attempted to teach sign language to a gorilla (Patterson, 1978; Patterson, Pat-
terson, & Brentari, 1987) and to an orangutan (Shapiro, 1982). Whether any of 
these animals has really learned to communicate in the human sense is sub-
ject to debate (see, for example, Petitto & Seidenberg, 1979; Terrace, 1979). The 
point, however, is not that chimps and other animals are as adept as humans 
at learning language (they clearly are not) but rather that their difficulty in 
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learning to speak is due at least partly to inadequate anatomical structures. 
People would also have a difficult time learning to speak if they had the kind 
of vocal equipment that chimps have. 

 Query 1:  Gardner and Gardner showed that the failure of chimpanzees to learn to 

speak may be due more to differences in  than in learning 

ability.

 REVIEW  An understanding of learning is essential to an understanding of behavior, espe-
cially human behavior, but there are limits on what learning can accomplish. 
The physical structure of an individual sets limits on what it can learn. Chim-
panzees, for example, are apparently incapable of learning to speak because of 
the nature of their vocal equipment. Physical characteristics set important, 
but not always obvious, limits on what an individual can learn.

Nonheritability of Learned Behavior
Another severe limitation of learning is that learned behavior is not inher-
ited. Refl exes and fi xed action patterns are passed on from generation to gen-
eration, but behavior that is acquired through learning dies with the individ-
ual. This places a serious limitation on the ability of a species to benefi t from 
experience because it means that every individual is as ignorant at birth as its 
parents were when they were born. The lion cub must learn to stalk antelope 
just as its parents did; the rat must learn to avoid poisonous water; the child 
must learn to look for traffic before crossing streets.

The idea that learned behavior is not inherited was not always obvious. In 
fact, it was not so long ago that many people, including a number of scientists, 

Figure 12-1 Physical characteristics and learning. Pigeons cannot learn to play Ping-
Pong in the usual manner, but these two have learned to play a variation of the game. 
(From “Two Synthetic Social Relations,” by B. F. Skinner, 1962, Journal of the Experi-
mental Analysis of Behavior, 5, p. 531. Copyright © 1962 by the Society for the Experi-
mental Analysis of Behavior, Inc. Reprinted by permission.)
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believed that learning experiences might somehow benefi t an individual’s off-
spring. The idea grew out of the work of a Frenchman named Jean de 
Lamarck.

Lamarck was a decorated soldier who turned to the study of natural his-
tory (biology) after he was injured in battle. He is credited with developing the 
fi rst theory of evolution, though it was quite different from Darwin’s, who 
was only 20 when Lamarck died in 1829. Lamarck is remembered today 
mainly for the idea (already widely accepted in his day) that acquired charac-
teristics were inherited. He saw this as a way to account for the peculiarly 
adaptive physical features of many animals. 

The crane, for example, fi nds food by wading in shallow waters. How is it 
that the crane has such conveniently long legs, legs that ideally suit the bird 
to its habitat? Or take the giraffe, an animal that lives on the African plains 
where it feeds on the leaves of trees; were it not for its long neck, the giraffe 
would not be able to reach the highest leaves. How did the giraffe come by so 
sensible a physique?

Lamarck believed that these and other physical characteristics were ac-
quired adaptations that were passed on from generation to generation. Con-
sider the giraffe. Suppose the food supply is scarce, so that the giraffe has to 
stretch its neck in an effort to reach higher leaves. If the animal had to do this 
day after day, it might, Lamarck speculated, make a slight difference in the 
length of the giraffe’s neck. If this slight change were inherited by the giraffe’s 
offspring, then over the course of several hundred generations, the giraffe’s 
neck might get longer and longer until it reached its present, very adaptive 
length. For Lamarck, evolution was the result of a given species’ efforts to 
adapt to its environment. (For an interesting new wrinkle on this idea, see 
Landman, 1993.)

 Query 2:  The theories of Lamarck and Darwin both assume that species evolve as a 

result of the infl uence of the  .

The Lamarckian theory of evolution based on acquired characteristics 
was replaced by Darwin’s theory based on natural selection. But some re-
searchers, most notably the controversial British psychologist William Mc-
Dougall, adopted a Lamarckian view of learned behavior. They argued that 
when experience modifi es the behavior of an individual, it also modifi es its 
genes in some way. This did not mean that if a person learned to read Latin, 
his or her offspring would be born reciting Virgil. But McDougall and others 
did believe that, other things being equal, the offspring might have a slightly 
easier time mastering Latin than had the parent. And if each successive gen-
eration learned Latin, then each child would fi nd the task easier than his par-
ents had.

McDougall was no armchair psychologist, and he spent years performing 
experiments to test his theory. In a typical experiment, McDougall (1927, 
1938) would train rats to avoid electric shocks. Then he would train the off-
spring of these rats on the same task, and then their offspring, and so on for 
several generations. The idea was that each generation should inherit more 
and more skill until, after many generations, the offspring would learn to 
avoid shock much more easily than their progenitors had. McDougall’s re-
search convinced him that his hypothesis held true.
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Others were unconvinced. They ran similar experiments with better con-
trols than McDougall had used and found no evidence that succeeding gener-
ations of animals learned a task any more readily than their forebears (see, for 
example, Agar et al., 1954). Today, no serious behavior scientist or biologist 
believes that learning is inherited; the poet was right that, “Learning by study 
must be won/’Twas ne’er entail’d from sire to son.” 1

The nonheritability of learning is one of the severest of all its limitations. 
Certainly, anyone who has had a difficult time mastering parallel parking or 
memorizing the forms of the French verb être will agree that being able to 
benefi t from the learning experiences of one’s parents would be helpful.

It is possible, however, that if we did inherit learned behavior, we would 
not be entirely happy with the results. Had our ancestors been born expert 
hunters and gatherers, for example, they might never have invented agricul-
ture, probably the most important development in human history. In the past 
50 years, there have been dramatic changes in the social roles of men and 
women in Western societies. It seems unlikely that such changes would have 
occurred if, over the past million years, men and women had inherited the 
roles of their parents. Inherited learning might also have slowed the advance of 
science. Had Copernicus been born knowing that the sun revolved about Earth, 
he might not have developed the view that Earth revolves about the sun.

The value of learning is that it enables us to adapt to changes in our envi-
ronment. If we inherited learned behavior that was no longer adaptive, learn-
ing might be more of a hindrance than a help. Yet we must admit that the 
nonheritability of learning limits what any individual can learn in a lifetime.

 REVIEW  Learned behavior is not passed on to future generations, which means that each 
individual must learn many of the same skills acquired by its parents. This 
limits what any one individual can learn in its lifetime. 

Heredity and Learning Ability
There is nothing about the gross anatomy of the chimpanzee (e.g., the way its 
arms and legs are put together) that keeps it from learning calculus. Yet it 
seems extremely unlikely that anyone will ever succeed in training a chim-
panzee, or any other animal, to perform so sophisticated a skill. Clearly there 
are genetic differences among species in the capacity for learning. 

Even animals that are genetically very similar show important differ-
ences in learning ability. For instance, Harry and Martha Frank (1982) com-
pared the problem-solving abilities of wolves and dogs. They placed wolf pups 
on one side of a barrier from which they could see but not reach food. To get 
the food, they had to go around the barrier. The Franks counted the number of 
errors the wolf pups made and compared these data with similar data obtained 
by other researchers with dog pups. On three different tests, the wolves did far 
better than the dogs (see Figure 12-2). Dogs and wolves are genetically almost 
identical, yet they performed differently. The Franks suggest that domestica-
tion has relieved pressure toward intelligence in the dog. In other words, be-

1I have been unable to identify the author. I believe it was Lord Elphinstone, but which one? 
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cause of dogs’ association with humans, they are no longer naturally selected 
for intelligence whereas wolves live by their wits or die.

It is also clear that there are differences in the learning abilities of indi-
viduals within a given species, and these differences are also partly due to he-
redity. Robert Tryon (1940) demonstrated this in rats many years ago. He ran a 
large number of rats through a maze and recorded the number of errors each 
rat made on a series of trials. There was a great deal of variability among the 
rats in the total number of errors made, with some rats making over 20 times 
as many errors as others. Tryon then bred those rats that had made the fewest 
errors with each other, and those that had made the greatest number of  errors 
with each other. Next, Tryon tested the offspring of these rats on the maze 
and again bred the brightest of the bright with each other and the dullest of 
the dull with each other. He repeated this procedure for 18 generations, all the 
while keeping the environments of the two strains as much alike as possible. 
The average number of errors in maze running for the two groups got farther 
and farther apart with each generation (see Figure 12-3), thus suggesting that 
heredity was having an important impact on learning.

It is popular to suggest that we humans all have the same capacity for 
learning and that any differences in achievement are due to differences in ed-
ucational opportunities and effort. But while educational opportunities and 
effort are very important, they do not seem to account entirely for differences 
in achievement. Alas, it appears that few of us are born with the learning abil-
ity of Albert Einstein. 

 REVIEW  The role of heredity in learning is controversial, but there is strong evidence that 
genes contribute to differences within, as well as between, species. 

Neurological Damage and Learning
The biological equipment with which we learn is not determined solely by he-
redity. The environment may limit learning ability, and therefore what we 
learn, by damaging the nervous system.
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Figure 12-2 Barrier learning in dogs and wolves. Average number of daily errors in 
wolves and dogs on three problems. (Compiled from data in Frank and Frank, 1982.)
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Prenatal exposure to alcohol and other drugs can interfere with neurologi-
cal development, resulting in limited learning ability (Hawkins, 1983). Often 
the damage is not apparent at birth and may be revealed only when the child 
goes to school. It is even possible that children judged to be perfectly normal 
have somewhat less learning ability than would have been the case had they 
never been exposed prenatally to drugs.

Neurotoxins, substances that damage nerve tissues, are also a threat to 
learning ability after birth, particularly in infancy and early childhood. One 
of the most pervasive neurotoxins is lead, commonly found in old paint and 
drinking water. Poor children often live in buildings with peeling paint, 
which they eat. The damage is not usually immediately obvious, but it is cu-
mulative; over a period of months, it may make an important difference in the 
individual’s ability to learn.

 Query 3:  Substances that damage neural tissues are called .

Head injury can also diminish learning ability (Chance, 1986). This may 
seem an insignifi cant factor, but child abuse is fairly widespread and often in-
volves blows to the head or shaking of the child. The “punch drunk” boxer 
provides anecdotal evidence of the cumulative effects of repeated closed head 
injuries. Violently shaking a child causes the brain to bounce back and forth 
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Figure 12-3 Heredity and maze learning. Tryon’s original sample of rats (a) showed 
wide variation in maze learning. The fi rst generation of selectively bred rats (b) showed 
considerable overlap between maze-bright (B) and maze-dull (D) rats, but the second 
generation (c) showed clear differences in maze-learning ability. By the seventh genera-
tion (d) there was a substantial difference in the average number of errors made by the 
two groups. (From “Genetic Differences in Maze-Learning Ability in Rats,” by R. Tryon, 
1940, Thirty-Ninth Yearbook of the National Society for the Study of Education, Intelli-
gence: Its Nature and Nurture, Part I: Comparative and Critical Exposition, G. M. Whip-
ple [Ed.], p. 113. Copyright © 1940 by the National Society for the Study of Education. 
Reprinted by permission of the publisher.)
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within the skull and can cause serious damage. Traffic accidents are probably 
the single most important source of head injuries among teens and young 
adults.

Disease and malnutrition, especially during fetal development, infancy, 
and early childhood, can also prevent normal neurological development and 
result in reduced learning. The brain is intimately involved in learning in hu-
mans and other complex animals, and anything that damages it is likely to 
affect the course of learning.

 REVIEW  Neurological damage due to disease, malnutrition, head trauma, and exposure to 
neurotoxins can have a profound effect on learning. Unfortunately, anything 
that damages the brain is likely to reduce the ability to benefi t from 
experience.

Many of the world’s geniuses have had unusually enriched early environments (Albert, 
1980; Simonton, 1987). In fact, the childhoods of eminent fi gures such as Ludwig van 
Beethoven and Francis Galton are seldom ordinary. Could it be that we could create 
more geniuses by providing certain kinds of experiences in childhood? No one has 
performed an experiment that would answer this question with certainty. However, 
there is some very intriguing evidence to support the idea.

The 19th-century British philosopher and historian James Mill could be said to 
have performed a kind of enrichment experiment with his fi rst-born son, John Stuart 
Mill. The boy’s father began tutoring him when he was still in the cradle. John was 
reading by age 3 and routinely answered questions from his father about what he had 
read. By the time John was 8 years old, he had already read most of the Greek classics 
(in Greek, incidentally); as an adult, he went on to outdistance his father as a philoso-
pher. James Mill was unable to devote the same effort to educating his other children, 
and none of them matched the achievements of their elder brother.

A more recent effort to improve ability by providing an enriched environment 
came from a man named Aaron Stern (1971). Too ill to work, Stern decided that he 
would devote his time toward the education of his daughter. When Edith was still an 
infant, Stern played classical music for her, showed her cards with numbers on them, 
read to her, and made a point of speaking to her slowly and in complete sentences. 
When she was 18 months old, Stern taught Edith math with an abacus, showed her 
words on cards, and taught her to read street signs. By age 2, Edith was reading books 
intended for children of 6 and 8; by age 4, she was reading The New York Times and 
playing chess; by age 5, she had read much of the Encyclopaedia Britannica; by age 6, 
she was reading Dostoevsky and Tolstoy; and by age 15, Edith had graduated from col-
lege and begun graduate work at Michigan State University.

Of course, it is possible that the remarkable achievements of John Stuart Mill and 
Edith Stern had little to do with the special environments in which they were reared. 
Nevertheless, these and other cases leave open the possibility that a rich intellectual 
environment in early childhood can have important effects on the ability to learn.

Recipe for Genius
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Critical Periods
Sometimes, animals are especially likely to learn a particular kind of behav-
ior at one point in their lives; these stages for optimum learning are referred 
to as critical periods.

For example, many animals are especially likely to form an attachment to 
their mothers during a critical period soon after birth. If the mother is un-
available, the youngster will become attached to any moving object that hap-
pens to pass by, whether another animal of the same species, a mechanical ob-
ject, or a human being. Konrad Lorenz (1952) was one of the fi rst to study this 
phenomenon, which he called imprinting. He discovered that if you remove a 
newly hatched goose chick from an incubator, you will have inadvertently be-
come a parent; the chick will follow you about and ignore its mother: 

If one quickly places such an orphan amongst a brood which is following 
its parents in the normal way, the gosling shows not the slightest ten-
dency to regard the old birds as members of its own species. Peeping 
loudly, it runs away and, should a human being happen to pass, it imme-
diately follows this person; it simply looks upon human beings as its 
parents. (quoted in Thorpe, 1963, p. 405)

Imprinting has been demonstrated in coots, moorhens, turkeys, ravens, 
partridges, ducks, chickens, deer, sheep, buffalo, zebras, guinea pigs, baboons, 
and other animals. Young animals have been imprinted to species different 
from themselves, including humans, and to objects such as wooden decoys 
and electric trains. All that is necessary for imprinting to take place is that the 
young animal be able to view the “mother” and that the mother-object move.2

Imprinting is not the only evidence for critical periods. John Paul Scott 
(1958) has shown that social behavior in the dog depends on its experiences 
during certain critical periods. He points out, for example, that if a puppy is to 
become a good house pet, it must have contact with people when it is between 
3 and 12 weeks old. Dogs completely deprived of human contact during this 
period behave like wild animals, ever fearful of humans.

Maternal behavior also may have to be learned during critical periods. 
Scott (1962) once bottle-fed a lamb for the fi rst ten days of its life and then put 
the lamb in with a fl ock of sheep. The lamb cared little for the sheep, prefer-
ring to be with people. And when this lamb gave birth, it was a poor mother: 
It allowed its offspring to nurse, but took no particular interest in other moth-
erly activities.

Harry and Margaret Harlow (Harlow, 1958; Harlow & Harlow, 1962a, 
1962b) obtained similar results when they reared rhesus monkeys in isola-
tion. In the Harlows’ experiments, young monkeys were fed by a surrogate 
mother, a terry cloth–covered object that did nothing but provide food and 
warmth. The infants became very attached to these cloth mothers and would 
cling to them for hours. If a monkey were exploring about the cage and be-
came frightened, it would run to “mother” for protection. Later, when these 
monkeys were placed in cages with normally reared monkeys, they were ter-
rifi ed. They would run to a corner of the cage and roll up into a ball, some-

2There is some evidence, however, that learning may be involved in imprinting (Hoffman & 
Ratner, 1973; Suzuki & Moriyama, 1999).
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times sucking on a fi nger. As adults, these monkeys did not play or mate or 
rear young the way normally reared monkeys do. Although it was possible for 
these animals to acquire some  social skills as adults, they always seemed to 
be socially retarded. Apparently, the early part of their lives, when they ordi-
narily would have interacted with their mothers and young monkeys, was a 
critical period for acquiring social skills.

It is not clear whether there are critical periods for learning in humans. It 
is possible that there is a critical period in infancy or early childhood for learn-
ing to care about others (David et al., 1988). And there is evidence that the 
fi rst 12 years of life may be a critical period for learning language (Harley & 
Wang, 1997; Patkowski, 1994). But the evidence for critical periods in people is 
generally far weaker than the evidence for such periods in animals.3 

 REVIEW  Animals may be prepared to learn certain things at certain stages in their devel-
opment. Such critical periods appear to play an important role in imprinting 
and other forms of social behavior. It is not clear whether there are critical pe-
riods for learning in human development. When critical periods do occur, 
they place severe limits on learning. Certain opportunities for learning may 
occur but once in a lifetime.

Preparedness and Learning
In the 1960s, researchers began to notice that the ease with which learning 
occurs varies not only across time, as the work on critical periods shows, but 
also across situations. Whereas a given animal might learn quite readily in 
one situation, it might seem downright stupid in a slightly different 
situation.

Keller and Marion Breland (1961) were among the fi rst to report this phe-
nomenon. They used operant procedures to train hundreds of animals to per-
form in TV commercials and fi lms and in shopping center promotions. For 
example, “Priscilla the Pig” turned on a radio, ate breakfast at a table, picked 
up dirty clothes and put them in a hamper, ran a vacuum cleaner, and chose 
the sponsor’s brand of animal feed. The Brelands were expert animal trainers, 
yet they sometimes had great difficulty getting an animal to perform what 
seemed to be a simple task. In a classic article entitled “The Misbehavior of 
Organisms,” they describe some of the peculiar problems they encountered in 
their work.

For instance, the Brelands wanted to train a raccoon to pick up some coins 
and put them in a metal box that served as a bank. The raccoon quickly 
learned to pick up a coin and carry it to the box, but the animal “seemed to 
have a great deal of trouble letting go of the coin. He would rub it up against 
the inside of the container, pull it back out, and clutch it fi rmly for several 
seconds” (p. 682). When the Brelands tried to teach the animal to pick up two 
coins and put them in the box, the raccoon became even more of a dunce. In-

3Feierman and Feierman (2000) note that the paraphilias resemble imprinted behavior in that 
they are difficult to change. It is conceivable that sexual orientation is also the result of im-
printing that occurs early in life. This would account for both the fact that homosexuals feel 
that they were “born that way” and the fact that sexual orientation is very resistant to change.
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stead of dropping the coins into the box, it would rub them together “in a 
most miserly fashion” (p. 682) and dip them in and out of the box. None of 
this behavior was reinforced by trainers.

It might seem reasonable to conclude that the task was simply too difficult 
for the raccoon to master. But the raccoons had no trouble learning other, 
equally complex tasks. Time and again, the Brelands had trouble getting ani-
mals to perform acts that should have been easy. In some cases, the Brelands 
managed to teach an animal to perform the desired behavior, only to fi nd that 
the act later broke down. For example, they taught a pig to make bank depos-
its in a manner similar to that of the raccoon. But after a time, the pig began 
to behave oddly. Instead of picking up the large wooden coin and carrying it 
to the bank, the pig would drop the coin to the ground, push at it with its 
snout, throw it up into the air, and nudge it again with its snout. None of this 
behavior had been reinforced by the Brelands. In fact, the animal’s errant be-
havior delayed reinforcement.

Why did such “misbehavior” occur? The Brelands theorized that innate 
tendencies interfered with learning. In the wild, raccoons dip their prey into 
the water and then rub it between their paws, as if washing it. Some biologists 
speculate that this serves to break away the outer shell of the crayfi sh that of-
ten forms an important part of the raccoon’s diet. In any case, it appears that 
this behavior interfered with teaching the raccoon to drop coins into a bank. 
Similarly, pigs dig their snouts into the ground to uncover edible roots, and 
this rooting behavior interfered with their learning to carry coins.

 Query 4:  The Brelands showed that  might facilitate learning in 

one situation and inhibit it in another.

The tendency of an animal to revert to a fi xed action pattern, a phenome-
non called instinctive drift, sets limits on learning. If a particular act con-
fl icts with a fi xed action pattern, the animal will have trouble learning it. Af-
ter the Brelands’ discoveries, other researchers began to report evidence that 
animals show peculiar talents for learning some things but are peculiarly re-
sistant toward learning others. The limitations that the latter oddities place 
on learning were nicely illustrated in a study of taste aversion in rats.

John Garcia and Robert Koelling (1966) set up four classical conditioning 
experiments in which they paired water with aversive stimuli. The water was 
fl avored, and a light and a clicking noise came on whenever the rat drank. 
Thus, in one experiment, rats drank water that was bright, noisy, and tasty, 
and later they became sick from exposure to X-radiation. In another experi-
ment, rats drank water that was bright, noisy, and tasty, and later they re-
ceived an electric shock. After training, the experimenters gave the rats a 
choice between bright-noisy water and water that was tasty. The researchers 
found that rats that had been made sick were more likely to avoid the tasty 
water; those that had been shocked were more likely to avoid the bright-noisy 
water (see Figure 12-4). The rats had an apparently innate bias toward learning 
one thing rather than another.

The facility with which animals learn certain behaviors is illustrated by a 
classic experiment conducted by Paul Brown and Herbert Jenkins (1968). These 
researchers put pigeons into experimental chambers rigged so that periodically 
a disk would be illuminated. The disk remained lit for a few seconds, and when 
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the light went off a food tray provided the pigeon with grain. The birds did not 
have to do anything to receive food, yet all the birds began pecking the disk. 

Robert Epstein and Skinner (1980; see also Skinner, 1983a) got similar re-
sults with a slightly different procedure. They shone a spot of light on a screen 
and made it move. When it reached the edge of the screen, the bird received 
some food. The bird did not have to do anything to receive food, nor did any-
thing it did speed up delivery of the food. Nevertheless, the bird began peck-
ing at the moving spot of light, as if driving it across the screen. This phenom-
enon, called autoshaping (see Chapter 5), has proved to be robust and has been 
demonstrated in several species, including humans.4

These and other studies show that animals have an inclination to behave 
in certain ways, and this means they will learn some things with great ease 
while learning other things only with the greatest difficulty. Martin Selig-
man (1970) proposed that such tendencies can be characterized as a contin-
uum of preparedness: An animal comes to a learning situation genetically 
prepared to learn (in which case learning proceeds quickly), unprepared (in 
which case learning proceeds steadily but more slowly), or contraprepared (in 
which case the course of learning is slow and irregular; see Figure 12-5).

According to Seligman’s theory, the raccoon’s innate tendency to pick up 
its food and wash it may make it prepared to learn to pick up and carry coins 
to a bank, but its innate tendency to hold on to food it has dipped into a stream 
makes it contraprepared to learn to drop coins into a bank. Similarly, Garcia 
and Koelling’s rats are genetically prepared to learn to avoid water that makes 
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Figure 12-4 Preparedness and taste aversion. Rats were given the opportunity to drink 
bright-noisy and tasty water before and after conditioning. When drinking preceded 
sickness, rats later tended to avoid tasty water (a); when drinking preceded shock, the 
rats learned to avoid bright-noisy water (b). (“Relation of Cue to Consequence in Avoid-
ance Learning,” by John Garcia and Robert Koelling, 1966, Psychonomic Science, 4, 
p. 124, Figure 1. Copyright 1966 by the Psychonomic Society. Reprinted by permission 
of the publisher and authors.)

4Autoshaping is also referred to as sign tracking. Various explanations for it have been offered. 
An early theory attributed it to coincidental reinforcement (Brown & Jenkins, 1968). The proce-
dure does resemble Skinner’s superstition experiment, but this theory has been criticized. 
Another theory relies on Pavlovian conditioning (e.g., Schwartz & Gamzu, 1979).The idea is 
that pecking is a UR to grain, so if a lighted disk is repeatedly paired with food, the bird will 
peck the disk just as it does the grain that follows. 
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them sick if the water has a distinct taste, but not if it has a distinct look and 
sound. And Brown and Jenkins’s pigeons pecked a lighted disk because pi-
geons are genetically prepared to peck bright objects.

A preparedness to be wary of certain naturally occurring dangerous ob-
jects, such as snakes, could be very helpful. Monkeys seem to be particularly 
adept at acquiring a fear of snakes. In one experiment, Michael Cook and Su-
san Mineka (1990) had rhesus monkeys watch videotapes of monkeys reacting 
fearfully either to snakes or to fl owers. The observers acquired a fear of snakes 
but not of fl owers.

Seligman (1970, 1971) proposed that humans are also prepared to acquire 
certain fears. He points out that people are far more likely to fear sharks, spi-
ders, snakes, and dogs than they are lambs, trees, houses, and cars. Seligman 
and Joanne Hager (1972b) tell the story of a 7-year-old girl who saw a snake 
while playing in the park. Some time later, the girl accidentally slammed a 
car door on her hand, after which she developed a fear of snakes. Obviously, 
the snake did not hurt her hand. The implication is that people are biologi-
cally prepared to acquire a fear of snakes but not a fear of cars, although in 
this case a car phobia would have made more sense. 

The idea that people have an innate disposition to fear certain kinds of 
stimuli is supported by research showing that when people are shown an ar-
ray of images and are asked to fi nd the spider or the snake, they are faster at 
doing so than when asked to fi nd less hazardous items (Öhman et al., 2001). 

But the best evidence for preparedness in people comes from experiments 
on Pavlovian fear conditioning. In one experiment, A. M. Öhman and his col-
leagues (Öhman, et al., 1976) paired various images with brief electric shocks 
to the hand. The images included neutral objects, such as geometric forms and 
fl owers, but also snakes and spiders. The result was that there was much greater 
conditioning to the potentially dangerous animals. Because the bite of some 
snakes and spiders can be lethal, this preparedness has obvious benefi ts.5 
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Figure 12-5 Preparedness and learning. Hypothetical learning curves for a task an 
organism is prepared to learn (a), unprepared to learn (b), and contraprepared to learn (c).

5For a review of preparedness and phobias, see McNally (1987).
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Seligman (1970) also observes that people are far more likely to form 
strong attachments to some objects than to others. As he notes, the cartoon 
character Linus carries a security blanket, not a security shoe.

But the case for preparedness in humans is not clear cut. Joseph Wolpe (in 
Wolpe & Plaud, 1997) points out that objects that are seldom feared, such as 
fl owers and triangles, are those to which we have been exposed many times 
without adverse effects. In other words, fl owers are normally paired with posi-
tive or neutral stimuli. Work on latent inhibition leads us to predict that such 
preexposure should make it difficult to establish fl owers as a CS for fear. On 
the other hand, commonly feared objects such as snakes are encountered less 
frequently and are more likely to be paired with unpleasant stimuli, such as a 
person shouting a warning.

 REVIEW  It seems clear that in most animals, learning depends partly on whether the ani-
mal is genetically prepared, unprepared, or contra prepared to learn the task in 
question. Such genetic preparation sets limits on what is learned from a given 
experience.

A common misconception about evolution is that it is a form of progress, as though 
each species were aimed at a distant goal and evolution were its means of reaching it. 
In fact, there is no evolutionary goal. Characteristics arise merely because those indi-
viduals that possess them tend to survive and pass on their genes.

Learning, as we have seen, is a kind of individual evolution: New behavior ap-
pears and either “survives” or “dies out.” And like evolution, it has no ultimate goal. 
What we learn depends on the experiences we have, not on some scheme of nature.

We forget this. We tend to speak of learning as if it were necessarily a good thing, 
and use the term almost as a synonym for improvement. It is true that love, compas-
sion, tenderness, cooperativeness, sharing, musical composition, and great literature 
are largely the products of learning. But so are the most despicable acts of which we 
are capable. Consider this report of one survivor of the concentration camp in Dachau, 
Germany:

It was common practice to remove the skin from dead prisoners. . . . It was 
chemically treated and placed in the sun to dry. After that it was cut into 
various sizes for use as saddles, riding breeches, gloves, house slippers and 
ladies’ handbags. Tattooed skin was especially valued by SS men. (Blaha, 
1946, in Carey, 1988, pp. 557f) 

This excerpt reveals that learning does not always mean progress. You may also see the 
undesirable effects of learning in your own reaction to the passage above. There was a 
time, not so very long ago, when reading such material would have made some stu-
dents physically ill. Today’s students have viewed so much brutality on television, and 
sometimes in the streets, that many can read Blaha’s account without discomfort. 

Learning defi nes our humanity. For better, and for worse.

Learning and Humanity
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Conclusion
We have concluded our introduction to the study of behavior change by exam-
ining the limits on learning. Those limits make learning  appear to be a feeble 
weapon with which to battle the problems that threaten civilization. The 
world is faced with war, famine, pollution, crime, disease, unemployment, 
drug abuse, child abuse, and the grandfather of all problems, overpopulation. 
What good is a science of behavior change in overcoming problems of such 
magnitude?

The answer becomes obvious once we realize that most of the serious 
problems confronting us are fundamentally behavior problems. War is a fi ght 
between nations. Famine is less the result of bad weather than of mismanaged 
resources. Pollution is the result of excessive use of resources and the im-
proper disposal of wastes. Crime is the performance of socially prohibited 
acts. Most diseases are at least partly the product of unhealthy behavior. Over-
population is partly a poor person’s way of preparing for one’s care in old age. 
And so on.

Once we recognize that most of the great problems facing society are es-
sentially behavioral, not technological or natural, we realize that we can pre-
vent, solve, or at least ameliorate them by changing behavior. A science of be-
havior change, of learning, becomes critically important and suggests certain 
solutions.

Consider, as an example, the problem of teen pregnancy in the United 
States. Each year, thousands of babies are born to young teenage girls. These 
mothers have a tendency to produce low-birth-weight babies, and such babies 
have a tendency to have health problems and learning difficulties. In addition, 
most teen mothers are ill equipped to take on the burden of rearing children. 
Many of them neglect their children, and some become abusive parents. Their 
children tend also to produce children at an early age, so the cycle continues.

Most people probably will agree that it would be a good idea if babies were 
born to women 18 or older. To reach that goal, we must change the behavior of 
the people involved, the girls who are getting pregnant and the males who are 
impregnating them. But how do we change their behavior? So far, we have at-
tempted to change teenage sexual practices primarily with slogans and lec-
tures. The study of learning and behavior suggests that other methods might 
be more effective.

Early pregnancy is primarily a problem among the poor. For poor teens, 
producing children may win both the father and mother the admiration of 
their peers and adults. It may also be a way to escape an unpleasant home en-
vironment because the girl may be able to move out and receive government 
assistance. A kind of contingency trap is probably involved because for many 
poor teens the positive consequences of becoming pregnant are immediate, 
whereas the negative consequences are more remote.6 The law of effect sug-
gests that if we change the consequences of the teen’s behavior, the behavior 
will change. One way to do this would be to provide cash payment to poor 
teenage girls each year that they do not have a baby. Each successive year 
without a baby would result in a larger cash prize.

6For more on contingency traps, see Platt (1973), who called them social traps.
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There is no way to know a priori whether such a change in consequences 
would substantially reduce the incidence of teen pregnancy. But there is, as 
you have seen, good reason to believe that it might. And, of course, there are 
many other ways of applying what we know about behavior change to this 
problem.

To suggest that we can draw on learning research in dealing with societal 
problems does not mean that the problems will be easily solved (Chance, 
2007). Human behavior is extremely complicated, and solutions to social prob-
lems are apt to come slowly. But there is reason to hope that through the ap-
plication of scientifi c method to behavior problems, solutions will come.

Indeed, it may be our only hope.
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REVIEW QUESTIONS

 1. Defi ne the following terms:
continuum of preparedness imprinting
critical period instinctive drift

 2. Sally buys a high-frequency whistle at a discount store. She attempts to 
train her dog to come on command using the whistle as a signal. She fol-
lows the correct training procedures but is unsuccessful. What is the 
likely cause of the failure?

 3. Explain why it is sometimes difficult to assess the intelligence of people 
who suffer from infantile paralysis and similar disorders.
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 4. Suppose that, because of its superior vision, a falcon can learn a discrimi-
nation task faster than a person. Mary believes this means the bird is 
smarter than the person. What reasons might she have for this idea?

 5. Design an experiment that would determine whether there are genetic 
differences in the learning abilities of men and women.

 6. How might preparedness to learn be nonadaptive?

 7. Explain the role of evolution in the fi ndings of Garcia and Koelling.

 8. In what sense might it be said that autoshaping represents preparedness 
to acquire a superstition?

 9. Some people believe that it is important for a human infant to have 
intimate contact with the mother during the fi rst few hours after birth 
(rather than being hurried off to a nursery). How could you determine 
whether there is a critical period for the formation of an adult–infant 
bond?

 10. Design a study to determine the effects of prenatal exposure to tobacco on 
subsequent learning ability.

 11. Could variability in learning ability be useful to the survival of our 
species?

 12. Suppose you had inherited everything your parents and grandparents 
knew. How would you be different?

 13. Identify a social problem and explain how it might be dealt with through 
the application of learning principles you have learned in this text.

 14. How would you go about creating a genius?

 15. A visitor to New York complained about the noise of the city. Her host re-
plied, “Oh, you get used to it.” Does this demonstrate that learning is 
helpful or harmful?

 16. How could you determine whether humans are biologically prepared to 
learn language?

 17. Roger McIntire (1973) recommends that people be required to undergo 
training in child rearing before being allowed to have children. What sup-
port for his position can you provide?

 18. What would it take to make our judicial system an effective instrument 
for reducing crime?

 19. Explain why it would be desirable to have political leaders who under-
stand basic learning principles.

 20. What protection could the public have against the abuse of learning prin-
ciples by political leaders?

PRACTICE QUIZ

 1. An example of the role of physical characteristics in learning is provided 
by the difficulty apes had in learning   .

 2. Harry and Martha Frank found that  solved certain 
problems better than dogs.
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 3. William  mistakenly believed that learned behavior 
could be inherited.

 4. Substances that damage neural tissues are called   .

 5. A  is a stage in development during which an ani-
mal is particularly likely to learn a particular behavior.

 6. Soon after hatching, ducklings become  on an object 
that moves, usually their mother.

 7.   drift is the tendency of an animal to revert to in-
nate patterns of behavior.

 8. Garcia and Koelling found that when rats became sick after  drinking 
water that was tasty and noisy, they were more likely to drink water that 
was  than water that was   .

 9. According to Martin Seligman, all behavior falls along a continuum of 
  .

 10. Rhesus monkeys can acquire a fear by observing a fearful model, but 
Cook and Mineka found that they are more likely to acquire a fear of 
snakes than of   .

QUERY ANSWERS

Query 1. Gardner and Gardner showed that the failure of chimpanzees to 
learn to speak may be due more to differences in anatomy than in learning 
ability. 

Query 2. The theories of Lamarck and Darwin both assume that animals 
evolve as a result of the infl uence of the environment.

Query 3. Substances that damage neural tissues are called neurotoxins.

Query 4. The Brelands showed that heredity/genetic factors might facilitate 
learning in one situation and inhibit it in another.

Workbook Chapter 3 includes:Active Learning

Workbook Chapter 12 includes

• Exercises on the various kinds of limitations on learning discussed in the chapter
• Some things to think about concerning learning and the problems that confront humanity
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Glossary

ABA reversal design A type of within-subject experiment 
in which behavior is observed before (A) and after (B) an 
experimental manipulation. The original (A) condition 
is restored, sometimes followed again by the experimen-
tal (B) condition.

Anecdotal evidence First- or secondhand reports of per-
sonal experience.

Attentional processes In Bandura’s theory of vicarious 
learning, any activity by an observer that aids in the ob-
servation of relevant aspects of a model’s behavior and 
its consequences.

Autobiographical memory See episodic memory.
Autoshaping A procedure in which a stimulus is followed 

by a reinforcer regardless of what the organism does. 
The procedure often results in the “shaping” of behavior 
without reinforcement. Also called sign tracking.

Aversion therapy A form of counterconditioning in which 
a CS is paired with an aversive US, often nausea-inducing 
drugs.

Aversive (n) Any stimulus the removal of which is rein-
forcing; (adj.) characterizing an event that is likely to be 
avoided.

Backward chaining A chaining procedure in which train-
ing begins with the last link in the chain and adds pre-
ceding links in reverse order.

Backward conditioning A Pavlovian conditioning proce-
dure in which the US precedes the CS. (Cf. forward 
chaining.)

Baseline period In a within-subject experiment, a period 
of observation (often designated “A”) during which no 
attempt is made to modify the behavior under study.

Behavior Anything a person or animal does that can be 
measured. In practice, the term usually refers to publicly 
observable overt behavior. However, behavior that is 
available only to the person performing it (such as think-
ing) may be included if it can be reliably measured.

Behavior chain A series of related behaviors, the last of 
which produces reinforcement.

Between-subjects experiment An experimental design in 
which the independent variable is made to vary across 
two or more groups of subjects. Also called between- 
treatment or group experiment.

Blocking Failure of a stimulus to become a CS when it is 
part of a compound stimulus that includes an effective 
CS. The effective CS is said to block the formation of a 
new CS. (Cf. overshadowing.)

Case study Detailed study and description of a single 
case. Usually used in clinical settings.

CER See conditioned emotional response.
Chain schedule A complex reinforcement schedule that 

consists of a series of simple schedules, each of which is 
associated with a particular stimulus, with reinforce-
ment delivered only on completion of the last schedule 
in the series. (Cf. tandem schedule.)

Chaining In operant training, the procedure of establish-
ing a behavior chain. (See behavior chain; forward chain-
ing; backward chaining.)

Classical conditioning The procedure of pairing a neutral 
stimulus (typically referred to as the CS) with a US. Also 
called Pavlovian or respondent conditioning.

Compound stimulus Two or more stimuli presented si-
multaneously, often as a CS.

Concept Any class (i.e., group, category) the members of 
which share one or more defi ning features.

Concurrent schedule A complex reinforcement schedule 
in which two or more simple schedules are available at 
the same time.

Conditional refl ex A refl ex acquired through Pavlovian 
conditioning and consisting of a conditional stimulus 
and a conditional response. (Cf. unconditional refl ex.)

Conditional response (CR) The response part of a condi-
tional refl ex; the response elicited by a conditional stim-
ulus. Often called conditioned response.

Conditional stimulus (CS) The stimulus part of a condi-
tional refl ex; the stimulus that elicits a conditional re-
sponse. Often called conditioned stimulus.

Conditioned emotional response An emotional response 
to a stimulus that is acquired through Pavlovian condi-
tioning. Abbreviated CER.

Conditioned reinforcer See secondary reinforcer.
Conditioned suppression A reduction in the rate of re-

sponding due to the noncontingent presentation of an 
aversive CS.
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Conditioned taste aversion An aversion, acquired through 
Pavlovian conditioning, to foods with a particular fl avor.

Contiguity Nearness of events in time (temporal contigu-
ity) or space (spatial contiguity).

Contingency A dependency between events. An event 
may be stimulus contingent (dependent on the appear-
ance of a stimulus) or response contingent (dependent on 
the appearance of a behavior).

Continuous reinforcement A reinforcement schedule in 
which a behavior is reinforced each time it occurs. Ab-
breviated CRF. (Cf. intermittent schedule.)

Continuum of preparedness The idea that organisms are 
genetically disposed to learn some things and not others.

Contrived reinforcer Any reinforcing event that has been 
arranged by someone, usually for the purpose of modify-
ing behavior. (Cf. natural reinforcer.)

Control group In a between-subjects experiment, those 
subjects not exposed to the independent variable.

Cooperative schedule A complex reinforcement schedule 
in which reinforcement is contingent on the behavior of 
two or more individuals.

Counterconditioning The use of Pavlovian conditioning 
to reverse the unwanted effects of prior conditioning.

CR See conditional response.
CR See continuous reinforcement.
Critical period A period in the development of an organ-

ism during which it is especially likely to learn a par-
ticular kind of behavior.

CS See conditional stimulus.
CS– In Pavlovian discrimination training, the stimulus 

that regularly appears in the absence of the US. (Cf. CS+.)
CS+ In Pavlovian discrimination training, the stimulus 

that is regularly paired with a US. (Cf. CS–.)
Cue-dependent forgetting Forgetting that results from 

the absence of cues that were present during training.
Cued recall See prompted recall.
Cumulative record A graphic record of behavior, each 

point of which refl ects the total number of times a be-
havior has been performed as of that time. (Cf. cumula-
tive recorder.)

Cumulative recorder An apparatus (or software) that re-
cords every occurrence of a behavior, thereby producing 
a cumulative record. (Cf. cumulative record.)

Declarative memory Memories that can be declared or 
expressed in words. Said to be “knowing that.” Also 
called explicit memory. (Cf. nondeclarative memory.)

Delayed conditioning A Pavlovian conditioning proce-
dure in which the CS starts before, and then overlaps 
with, the US.

Delayed matching to sample A method of measuring 
forgetting in which the opportunity to match a sample 
follows a retention interval. Abbreviated DMTS. (Cf. 
matching to sample.)

Dependent variable The variable by which the outcome of 
an experiment is measured. It is expected to vary with 
(to depend on) the independent variable.

Descriptive study A study in which the researcher at-
tempts to describe a group by obtaining data from its 
members.

Differential outcomes effect (DOE) The fi nding that dis-
crimination training proceeds more rapidly when differ-
ent behaviors produce different reinforcers.

Differential reinforcement Any operant training proce-
dure in which certain kinds of behavior are systemati-
cally reinforced and others are not.

Differential reinforcement of high rate (DHR) A form of 
differential reinforcement in which a behavior is rein-
forced only if it occurs at least a specifi ed number of 
times in a given period. (Cf. differential reinforcement 
of low rate.)

Differential reinforcement of incompatible behavior 
(DRI) A form of differential reinforcement in which a 
behavior that is incompatible with an unwanted behav-
ior is systematically reinforced.

Differential reinforcement of low rate (DRL) A form of 
differential reinforcement in which a behavior is rein-
forced only if it occurs no more than a specifi ed number 
of times in a given period. (Cf. differential reinforcement 
of high rate.)

Differential reinforcement of zero responding (DR0) A 
form of differential reinforcement in which reinforce-
ment is contingent on the complete absence of a behav-
ior for a period of time. Also called differential reinforce-
ment of other behavior because some other behavior is 
necessarily reinforced.

Discrete trials procedure An operant training procedure 
in which performance of a behavior defi nes the end of a 
trial. (Cf. free operant procedure.)

Discrimination The tendency for a behavior to occur in 
the presence of certain stimuli but not in their absence. 
(Cf. generalization.)

Discrimination hypothesis The proposal that the PRE oc-
curs because it is harder to discriminate between inter-
mittent reinforcement and extinction than between 
continuous reinforcement and extinction.

Discrimination training Any procedure for establishing a 
discrimination. Pavlovian discrimination training con-
sists of presenting one stimulus (the CS+) with the US 
and presenting another stimulus (the CS–) without the 
US. Operant discrimination training normally consists 
of reinforcing a behavior when it occurs in the presence 
of one stimulus (the S+ or SD), but not when it occurs in 
the presence of another stimulus (the S– or S∆). See err-
rorless discimination training; matching to sample; si-
multaneous discrimination training; successive dis-
crimination training.

Discriminative stimulus In operant discrimination train-
ing, any stimulus that signals either that a behavior will 
be reinforced (an S+ or SD) or will not be reinforced (an 
S– or S∆).

Distancing A self-control technique consisting of staying 
away from situations that are likely to elicit undesirable 
behavior.

Distraction A self-control technique consisting of direct-
ing attention away from events that are likely to elicit 
undesirable behavior.

DMTS See delayed matching to sample.
DOE See differential outcomes effect.
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Dopamine One of the brain’s major neurotransmitters 
and one source of a natural “high.” It is thought to play 
an important role in reinforcement.

DRH See differential reinforcement of high rate.
DRI See differential reinforcement of incompatible 

behavior.
Drive In Hull’s theory of reinforcement, a motivational 

state (such as hunger) caused by a period of deprivation 
(as of food).

Drive-reduction theory The theory of reinforcement that 
attributes a reinforcer’s effectiveness to the reduction of 
a drive.

DRL See differential reinforcement of low rate.
Epinephrine An important neurotransmitter that is 

thought to be important in reinforcement. More com-
monly known as adrenaline.

Episodic memory Memory for personally experienced 
events. Also called autobiographical or event memory.

Equilibrium theory See response deprivation theory
Errorless discrimination training A form of discrimina-

tion training in which the S– is introduced in very weak 
form and gradually strengthened. The usual result is 
that discrimination is achieved with few or no errors. 
Also called the Terrace procedure.

Escape-avoidance learning A form of negative reinforce-
ment in which the subject fi rst learns to escape, and 
then to avoid, an aversive.

Escape training See negative reinforcement.
Event memory See episodic memory.
Excitatory gradient In Spence’s theory of generalization 

and discrimination, a generalization gradient showing 
an increased tendency to respond to the S+ or CS+ and 
stimuli resembling them. (Cf. inhibitory gradient.)

Experiment A research design in which the researcher 
measures the effects of one or more independent vari-
ables on one or more dependent variables.

Experimental group In a between-subjects experiment, 
those subjects exposed to the independent variable.

Experimental neurosis Any bizarre or neurotic behavior 
induced through an experimental procedure such as dis-
crimination training.

Exposure therapy Any of several forms of countercondi-
tioning in which a person is gradually exposed to a 
feared stimulus.

Extinction (1) In Pavlovian conditioning, the procedure of 
repeatedly presenting a CS without the US. (2) In oper-
ant training, the procedure of withholding the reinforc-
ers that maintain a behavior. (Cf. forgetting.)

Extinction burst A sudden increase in the rate of behavior 
during the early stages of extinction.

Extinction method A method of measuring forgetting 
by comparing the rate of extinction after a retention 
interval with the rate of extinction immediately after 
training.

FD schedule See fi xed duration schedule.
FI schedule See fi xed interval schedule.
Fixed action pattern See modal action pattern.
Fixed duration (FD) schedule A reinforcement schedule in 

which reinforcement is contingent on the continuous 

performance of a behavior for a fi xed period of time. (Cf. 
variable duration schedule.)

Fixed interval (FI) schedule A reinforcement schedule in 
which a behavior is reinforced the fi rst time it occurs 
following a specifi ed interval since the last reinforce-
ment. (Cf. variable interval schedule.)

Fixed ratio (FR) schedule A reinforcement schedule in 
which every nth performance of a behavior is reinforced. 
(Cf. variable ratio schedule.)

Fixed time (FT) schedule A reinforcement schedule in 
which reinforcement is delivered independently of be-
havior at fi xed intervals. (Cf. variable time schedule.)

Fluency Number of correct responses per minute. In gen-
eral, a fl uent performancee is smooth, accurate, and rel-
atively rapid. Also called automaticity.

Forgetting Deterioration in learned behavior following a 
period without practice. (Cf. extinction; reminiscence.)

Forward chaining A chaining procedure in which train-
ing begins with the fi rst link in the chain and adds sub-
sequent links in order. (Cf. backward chaining.)

FR schedule  See fi xed ratio schedule.
Free operant procedure An operant training procedure in 

which a behavior may be repeated any number of times. 
(Cf. discrete trials procedure.)

Free recall A method of measuring forgetting that con-
sists of providing the opportunity to perform the learned 
behavior. (Cf. prompted recall.)

Frustration hypothesis The proposal that the PRE occurs 
because nonreinforcement is frustrating and during in-
termittent reinforcement frustration becomes an S+ for 
responding.

FT schedule  See fi xed time schedule.
General behavior trait Any general behavioral tendency 

that is strongly infl uenced by genes. Examples include 
in troversion and general anxiety. (Cf. fi xed action 
pattern.)

Generalization  The tendency for a learned behavior to 
occur in the presence of stimuli that were not present 
during training. (Cf. discrimination.)

Generalization gradient  Any graphic representation of 
generalization data.

Generalized imitation The tendency to imitate modeled 
behavior even though the imitative behavior is not 
reinforced.

Generalized reinforcer Any secondary reinforcer that has 
been paired with several different reinforcers.

Gradient degradation A method of measuring forgetting 
in which a behavior is tested for generalization before 
and after a retention interval. A fl attening of the gener-
alization gradient indicates forgetting.

Group experiment See between-subjects experiment.
Habituation A decrease in the intensity or probability of a 

refl ex response resulting from repeated exposure to a 
stimulus that elicits that response. (Cf. sensitization.)

Higher-order conditioning A variation of Pavlovian con-
ditioning in which a stimulus is paired, not with a US, 
but with a well-established CS.
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Imprinting The tendency of some animals, particularly 
birds, to follow the fi rst moving object they see after 
birth, usually (but not necessarily) their mother.

Independent variable In an experiment, the variable that 
the researcher controls. The independent variable is usu-
ally expected to affect the dependent variable.

Inform others of your goals A self-control technique in 
which a person tells others of his or her efforts to change 
his behavior.

Inhibitory gradient In Spence’s theory of generalization 
and discrimination, a gradient showing a decreased ten-
dency to respond to the S– or CS– and stimuli resembling 
them. (Cf. excitatory gradient.)

Instinctive drift The tendency for behavior to “drift to-
ward” a fi xed action pattern.

Instrumental learning See operant learning.
Intermittent schedule Any of several reinforcement 

schedules in which a behavior is sometimes reinforced. 
Also called partial reinforcement. (Cf. continuous 
reinforcement.)

Interstimulus interval (ISI) The interval between the CS 
and US. The ISI is a measure of contiguity in Pavlovian 
conditioning.

Intertrial interval The interval separating the trials of a 
discrete trial procedure.

Latent inhibition In Pavlovian conditioning, the failure 
of a CR to appear as a result of prior presentation of the 
CS in the absence of the US.

Law of effect The statement that behavior is a function of 
its consequences. So called because the strength of a be-
havior depends on its past effects on the environment. 
Implicit in the law is the notion that operant learning is 
an active process because it is usually the behavior of 
the organism that, directly or indirectly, produces the 
effect.

Learned helplessness The failure to escape an aversive 
following exposure to an inescapable aversive.

Learned industriousness An increased tendency to work 
hard for prolonged periods as a result of reinforcement of 
high levels of effort and persistence.

Learning A change in behavior due to experience.
Long-term memory Memory for events following a reten-

tion interval longer than one minute and sometimes 
many years. (Cf. short-term memory.)

Matched sampling A procedure for reducing extraneous 
differences among subjects in between-subjects experi-
ments by matching those in the experimental and con-
trol groups on specifi ed characteristics, such as age, sex, 
and weight.

Matching law The principle that, given the opportunity 
to respond on two or more reinforcement schedules, the 
rate of responding on each schedule will match the rein-
forcement available on each schedule.

Matching to sample (MTS) A discrimination training pro-
cedure in which the task is to select from two or more 
comparison stimuli the one that matches a sample.

Method of loci A mnemonic system in which each item 
to be recalled is “placed” in a distinctive spot in an 
imagined scene, such as a walking path.

Mismatching A variation of matching to sample in which 
reinforcement is available for selecting the comparison 
stimulus that is different from the sample. Also called 
oddity matching.

Mixed schedule A complex reinforcement schedule in 
which two or more simple schedules, neither associated 
with a particular stimulus, alternate. (Cf. multiple 
schedule.)

Mnemonic Any technique for aiding recall.
Mnemonic system Any of several systems for aiding re-

call, including the method of loci and the peg word 
system.

Modal action pattern A series of interrelated acts found in 
all or nearly all members of a species. Also called fi xed 
action pattern, species-specifi c behavior or species-
typical behavior; formerly called instincts. They have a 
strong genetic component.

Monitoring behavior A self-control technique consisting 
of keeping a tally of the number of times the behavior in 
question occurs.

Motivating operation Anything that establishes condi-
tions that improve the effectiveness of a reinforcer. Also 
called establishing operation.

Motivational processes In Bandura’s theory of vicarious 
learning, the expectation that a modeled behavior will 
be reinforced.

Motor reproductive processes In Bandura’s theory of vi-
carious learning, the skills required to perform modeled 
behavior.

MTS See matching to sample.
Multiple schedule A complex reinforcement schedule in 

which two or more simple schedules alternate, with 
each schedule associated with a particular stimulus. (Cf. 
mixed schedule.)

Mutation Any change in a gene. When the modifi ed gene 
occurs in a reproductive cell, the mutation may be 
passed on to offspring.

Natural reinforcer Any reinforcing event that follows au-
tomatically (naturally) from a behavior. (Cf. contrived 
reinforcer.)

Natural selection The tendency for characteristics that 
contribute to the survival of a species to persist and for 
those that do not to disappear.

Negative punishment A punishment procedure in which 
a behavior is followed by the removal of, or a decrease in 
the intensity of, a stimulus. Also called type 2 punish-
ment or penalty training. (Cf. positive punishment.)

Negative reinforcement A reinforcement procedure in 
which a behavior is followed by the removal of, or a 
decrease in the intensity of, a stimulus. Sometimes 
called escape training. (Cf. positive reinforcement; 
punishment.)

Negative reinforcer Any stimulus that, when removed 
following a behavior, increases or maintains the strength 
of that behavior.

Noncontingent reinforcement (NCR) The procedure of 
providing reinforcers independently of behavior.

Nondeclarative memory Memory that cannot be declared 
or expressed in words. Pavlovian conditioning is one ex-
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ample; another is procedural memory. Also called im-
plicit memory. (Cf. declarative memory.)

Observational learning Any procedure in which an or-
ganism learns by observing the behavior of another or-
ganism. Also called vicarious learning.

Oddity matching See mismatching.
One-process theory The view that avoidance and punish-

ment involve only one procedure—operant learning. (Cf. 
two-process theory.)

Operant learning Any procedure in which a behavior be-
comes stronger or weaker (e.g., more or less likely to oc-
cur), depending on its consequences. Also called instru-
mental learning. See also law of effect.

Operational defi nition A defi nition that specifi es the op-
eration (procedure) by which a term will be measured.

Overlearning The continuation of training beyond the 
point required to produce one errorless performance.

Overshadowing Failure of a stimulus that is part of a 
compound stimulus to become a CS. The stimulus is 
said to be overshadowed by the stimulus that does be-
come a CS. (Cf. blocking.)

Paired associate learning A learning task involving pairs 
of words or other stimuli in which the subject is pre-
sented with the fi rst item of a pair and is expected to 
produce the second item.

Partial reinforcement effect (PRE) The tendency of a be-
havior to be more resistant to extinction following par-
tial reinforcement than following continuous reinforce-
ment. (Also often referred to as the partial reinforcement 
extinction effect, or PREE.)

Pavlovian conditioning See classical conditioning.
Peak shift The tendency following discrimination train-

ing for the peak of responding in a generalization gradi-
ent to shift away from the CS– or S–.

Peg word system A mnemonic system in which each of 
the fi rst n integers is associated with a particular image 
(a “peg”), and each item to be recalled is “placed” on a 
peg.

Penalty training See negative punishment.
Physical restraint A self-control technique consisting of 

doing something that physically prevents an undesir-
able behavior from occurring.

Positive punishment A punishment procedure in which a 
behavior is followed by the presentation of, or an in-
crease in the intensity of, a stimulus. Also called type 1 
punishment. (Cf. negative punishment.)

Positive reinforcement A reinforcement procedure in 
which a behavior is followed by the presentation of, or 
an increase in the intensity of, a stimulus. Sometimes 
called reward training, although the term reward is 
problematic. (Cf. negative reinforcement.)

Positive reinforcer Any stimulus that, when presented 
following a behavior, increases or maintains the strength 
of that behavior.

Postreinforcement pause A pause in responding follow-
ing reinforcement; associated primarily with FI and FR 
schedules.

PRE See partial reinforcement effect.

Premack principle The observation that high-probability 
behavior reinforces low-probability behavior.

Preparatory response theory Theory of Pavlovian condi-
tioning that proposes that the CR prepares the organism 
for the occurrence of the US.

Preparedness See continuum of preparedness.
Preratio pause A pause that occurs following reinforce-

ment and before a response run. Also called postrein-
forcement pause.

Primary reinforcer Any reinforcer that is not dependent 
on another reinforcer for its reinforcing properties. (Cf. 
secondary reinforcer.)

Proactive interference Forgetting caused by learning that 
occurred prior to the behavior in question. (Cf. retro-
active interference.)

Procedural memory Memory for procedures. Procedural 
memory is said to involve knowing how. It is a kind of 
nondeclarative or implicit memory. Popularly referred 
to as muscle memory, though the memory does not re-
side in muscles.

Prompted, or cued, recall A method of measuring forget-
ting in which hints (prompts) about the behavior to be 
performed are provided. (Cf. free recall.)

Pseudoconditioning The tendency of a neutral stimulus 
to elicit a CR when presented after a US has elicited a re-
fl ex response. Pseudocondtioning is apparently due to 
sensitization.

Punisher Any consequence of a behavior that decreases 
the strength of that behavior. (Cf. reinforcer.)

Punishment The procedure of providing consequences 
for a behavior that reduce the strength of that behavior. 
(See positive punishment and negative punishment; 
cf. reinforcement.)

Ratio strain Disruption of the pattern of responding due 
to stretching the ratio of reinforcement too abruptly or 
too far.

Recognition A method of measuring forgetting in which 
the subject is required to identify stimuli experienced 
earlier.

Refl ex A relationship between a specifi c event and a sim-
ple, involuntary response to that event. The term usu-
ally refers to an unconditional refl ex. (See unconditional 
refl ex; cf. conditional refl ex.)

Reinforcement The procedure of providing consequences 
for a behavior that increase or maintain the strength of 
that behavior. (See positive reinforcement and negative 
reinforcement; cf. punishment.)

Relative value theory Theory of reinforcement that con-
siders reinforcers to be behaviors rather than stimuli 
and that attributes a reinforcer’s effectiveness to its 
probability relative to other behaviors.

Relearning method A method of measuring forgetting in 
which a behavior is learned to criterion before and after 
a retention interval. Also called the savings method.

Releaser, or releasing stimulus Any stimulus that reliably 
elicits a fi xed action pattern.

Reminiscence Improvement in performance following a 
retention interval. (Cf. forgetting.)
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Rescorla-Wagner model A theory of Pavlovian condition-
ing based on the assumption that the amount of learn-
ing that can occur on a particular trial is limited by the 
nature of the CS and US and the amount of learning that 
has already occurred. It is expressed by the equation 
∆Vn = c (λ − Vn − 1).

Respondent conditioning See Pavlovian conditioning.
Response deprivation theory The theory of reinforcement 

that says a behavior is reinforcing to the extent that the 
organism has been deprived (relative to its baseline fre-
quency) of performing that behavior. Also called equi-
librium theory.

Response prevention The procedure of altering the envi-
ronment to prevent unwanted behavior from occurring.

Response unit hypothesis The proposal that the PRE is 
due to differences in the defi nition of a behavior during 
intermittent and continuous reinforcement.

Resurgence The reappearance during extinction of a pre-
viously reinforced behavior.

Retention interval The time between training and testing 
for forgetting.

Retentional processes In Bandura’s theory of vicarious 
learning, any activity by an observer that aids recall of 
modeled behavior.

Retroactive interference Forgetting caused by learning 
that occurred subsequent to the behavior in question. 
(Cf. proactive interference.)

Reward learning Changes in behavior due to positive 
reinforcement.

Reward pathway Formerly reward center, the neural path-
ways believed to be associated with positive reinforce-
ment. It is thought to be an area in the septal region, the 
area separating the two cerebral hemispheres and run-
ning from the middle of the brain to the frontal cortex 
(part of the thinking area of the brain).

Reward training See positive reinforcement, reward 
learning.

Run rate The rate at which a behavior occurs once it has 
resumed following reinforcement.

SD See S+.
S∆ See S–.
S– A stimulus in the presence of which a behavior will 

not be reinforced. Also called S∆, pronounced ess-delta. 
(Cf. S+.)

S+ A stimulus in the presence of which a behavior will be 
reinforced. Also called SD, pronounced ess-dee. (Cf. S–.)

Satiation A reduction in the effectiveness of a reinforcer 
due to exposure to or consumption of the reinforcer. 
Food can be reinforcing when a person is hungry, but it 
loses some of its effectiveness with each bite.

Savings method See relearning method.
Schedule effects The distinctive rate and pattern of re-

sponding associated with a particular reinforcement 
schedule.

Schedule of reinforcement A rule describing the delivery 
of reinforcers for a behavior.

Secondary reinforcer Any reinforcer that has acquired its 
reinforcing properties through its association with other 

reinforcers. Also called conditioned reinforcer. (Cf. pri-
mary reinforcer.)

Semantic generalization Generalization based on an ab-
stract (as opposed to a physical) property of a stimulus.

Semantic memory Memory for information about the 
world. It is a kind of declarative memory.

Sensitization An increase in the intensity or probability 
of a refl ex response resulting from earlier exposure to a 
stimulus that elicits that response. (Cf. habituation.)

Sensory preconditioning A procedure in which two neu-
tral stimuli are paired, after which one is repeatedly 
paired with a US. If the other stimulus is then presented 
alone, it may elicit a CR even though it was never paired 
with the US.

Sequential hypothesis The proposal that the PRE occurs 
because the sequence of reinforced and nonreinforced 
behaviors during intermittent reinforcement becomes 
an S+ for responding during extinction.

Shaping In operant training, the procedure of reinforcing 
successive approximations of a desired behavior.

Short-term memory Memory for events following a reten-
tion interval shorter than one minute, often a matter of 
seconds. Cf. long-term memory.

Sidman avoidance procedure An escape avoidance train-
ing procedure in which no stimulus regularly precedes 
the aversive stimulus. Also called unsignaled avoidance.

Sign tracking See autoshaping.
Simultaneous conditioning A Pavlovian conditioning 

procedure in which the CS and US occur together in 
time.

Simultaneous discrimination training A discrimination 
training procedure in which the S+ and S– are presented 
at the same time.

Single-case experiment See within-subject experiment.
Single-subject experiment See within-subject experi-

ment.
Spontaneous recovery The sudden reappearance of a be-

havior following its extinction.
State-dependent learning Learning that occurs during a 

particular physiological state (such as alcoholic intoxi-
cation) and is lost when that physiological state passes.

Stimulus Any event that affects, or is capable of affecting, 
behavior.

Stimulus control The tendency for a behavior to occur in 
the presence of an S+ but not in the presence of an S–. 
(Cf. discrimination.)

Stimulus-substitution theory In Pavlovian conditioning, 
the theory that the CS substitutes for the US. Assumes 
that the CR is essentially the same as the UR.

Stretching the ratio The procedure of gradually increas-
ing the number of responses required for reinforcement.

Successive discrimination training A discrimination 
training procedure in which the S+ and S– are presented 
one after the other in random sequence.

Superstitious behavior Any increase in the strength of be-
havior that is due to coincidental reinforcement.

Systematic desensitization A procedure for treating pho-
bias in which a person imagines progressively stronger 
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forms of the frightening CS while relaxed. It is a form of 
counterconditioning.

Tandem schedule A complex reinforcement schedule that 
consists of a series of simple schedules, with reinforce-
ment delivered only on completion of the last schedule 
in the series. The simple schedules are not associated 
with different stimuli. (Cf. chain schedule.)

Task analysis The procedure of identifying the compo-
nent elements of a behavior chain.

Test trial In Pavlovian conditioning, the procedure of pre-
senting the CS on some occasions without the US to de-
termine whether learning has occurred.

Three-term contingency The essential elements of all op-
erant learning, often represented by the letters ABC, for 
antecedent, behavior, and consequences.

Trace conditioning A Pavlovian conditioning procedure 
in which the CS begins and ends before the US is 
presented.

Two-process theory The view that avoidance and punish-
ment involve two procedures—Pavlovian and operant 
learning. (Cf. one-process theory.)

Type 1 punishment See positive punishment.
Type 2 punishment See negative punishment.
Unconditional refl ex A synonym for refl ex. An uncondi-

tional refl ex consists of an unconditional stimulus and 
an unconditional response. (See refl ex; cf. conditional 
refl ex.)

Unconditional response (UR) The response elicited by an 
unconditional stimulus. Often called an unconditioned 
response. (Cf. conditional response.)

Unconditional stimulus (US) The stimulus that elicits an 
unconditional response. Often called an unconditioned 
stimulus. (Cf. conditional stimulus.)

Unsignaled avoidance See Sidman avoidance procedure.
UR See unconditional response.
US See unconditional stimulus.

Variable duration (VD) schedule A reinforcement sched-
ule in which reinforcement is contingent on the contin-
uous performance of a behavior for a period of time, 
with the length of the time varying around an average. 
(Cf. fi xed duration schedule.)

Variable interval (VI) schedule A reinforcement schedule 
in which a behavior is reinforced the fi rst time it occurs 
following an interval since the last reinforcement, with 
the interval varying around a specifi ed average. (Cf. fi xed 
interval schedule.)

Variable ratio (VR) schedule A reinforcement schedule in 
which, on average, every nth performance of a behavior 
is reinforced. (Cf. fi xed ratio schedule.)

Variable time (VT) schedule A reinforcement schedule in 
which reinforcement is delivered at varying intervals re-
gardless of what the organism does. (Cf. fi xed time 
schedule.)

VD schedule See variable duration schedule.
VI schedule See variable interval schedule.
Vicarious learning See observational learning.
Vicarious punishment A decrease in an observer’s ten-

dency to imitate a model when the model’s behavior has 
been punished.

Vicarious reinforcement An increase in an observer’s ten-
dency to imitate a model when the model’s behavior has 
been reinforced.

Virtual reality exposure therapy A variation of exposure 
therapy in which virtual reality technology is used.

VR schedule See variable ratio schedule.
VT schedule See variable time schedule.
Within-subject experiment A research design in which 

the independent variable is made to vary at different 
times for the same subject. (Thus, each subject serves as 
both an experimental and control subject.) Also called 
single-subject or single case experiment.
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Preface to the 
Revised Edition

  v i i  

One purpose of a student workbook is to help the student master the basic 
facts and principles of a text. A second purpose, a hope, really, is to take the 
student a bit beyond that basic content, to help the student think more deeply 
about that content and even to explore new areas. 
 The previous edition of this workbook, written by Mark Krause, now at 
Southern Oregon University, did a marvelous job of picking up where the text 
left off and providing exercises that could take the student to a new level. 
This new edition shifts the focus to the more basic goal of helping the student 
master the material in the text. A word of explanation for this change is in 
order.
 Exercises that require students to wrestle with ideas, to analyze data, to 
plot graphs and interpret results are very worthwhile. That, I think, is indis-
putable. But such exercises take time. And the feedback we have had on the 
fi rst edition is that students were not able to devote the time many of the ex-
ercises required. A shift toward shorter, less time-consuming exercises that 
would help students assess their mastery of text material and improve on it 
seemed in order. Dr. Krause had taken on new responsibilities elsewhere and 
was unable to do the revision himself, so I took it on. 
 I am sure that many instructors who assigned exercises from the work-
book will miss some of the more demanding challenges of the earlier edition. 
However, my hope is that more students will fi nd the mostly easier, less time-
consuming exercises in the current edition helpful in making their way 
through the course content.
 As in the previous edition, students will notice that answers to the ques-
tions raised in the workbook are not provided. This, too, requires explanation. 
I know that this does not please students. They want to read a question or 
glance at an exercise and then immediately fl ip to the back of the book and 
see the answer. Once there, they often look at the answer to the next question 
before having read it. But this means that the student doesn’t really try to re-
call the fact or work out the solution required but simply looks at it. “Oh, 
yes,” she says, “I knew that.” But did she? 
 One of the things that the study of learning teaches us is the importance 
of making consequences contingent on behavior. E. L. Thorndike, in his fa-
mous experiments with cats escaping from puzzle boxes (see Chapter 5), found 
that if he took a cat’s paw and induced it to step on a treadle or pull a wire in 
such a way as to open the door and allow the cat to escape, the cat never mas-
tered the problem. No matter how many times Thorndike moved the cat’s 
paw through the proper action, when the cat was left to its own devices it re-
mained trapped. The lesson seems clear: Learning is not a spectator sport. 
You have to get in the game, not merely observe it. 



 It is true that students need feedback about their efforts. When Thorndike’s 
cats stepped on the treadle or pulled the wire, there was an effect—the door 
fell open, and they were able to escape. Simply answering questions or solving 
problems, then, is not enough; you must know whether you have answered 
correctly. 
 In an attempt to achieve a satisfactory, if not happy, medium, I have, wher-
ever practical, provided the page numbers of the text where answers can be 
found. This requires a bit of reading and thinking but not much more time 
than it would take to look at an answer sheet.
 In some instances, the answers are not so readily determined. Some of the 
questions are subject to interpretation, some have multiple solutions. In these 
cases, the best bet is to compare answers with other students. This effort is 
likely to result in some debate, with students standing by their own answers 
and doing their best to poke holes in their opponents’. And if this happens, I 
couldn’t be more pleased. My guess is that students are likely to learn more of 
value from such arguments, even if they are not resolved, than they would 
from any answer sheet. And, of course, students can always turn to their in-
structor to settle disputes.
 There is another reason why I do not include answers. The pages of this 
book are perforated so that they may be torn out. The point of this is to allow 
instructors to assign exercises from the workbook. Many instructors use a 
point system for determining grades, and students may earn points by com-
pleting exercises and submitting them. If answers were provided, some stu-
dents would merely transcribe the answers from the answer sheet, and the as-
signment would be pointless. 
 I hope this rationale for not providing answers will satisfy—if not please—
most students. 
 One fi nal note: I have tried to cover as much of the text’s content as pos-
sible in the workbook, but it is impossible to cover it all. You should therefore 
think of the workbook as a sampling of text content. The workbook will help 
you determine how well you have understood a given chapter, and it will help 
you learn much of the chapter’s content. But after going through a workbook 
chapter, you should return to the text. It is the text you should study, not the 
workbook.
 I hope this workbook proves to be easy to use and helpful, and I hope it 
still offers sufficient challenges to be interesting. When students complete a 
course, whatever the subject, they want to feel that they have learned a lot. I 
hope this workbook helps students do just that.
 As is always the case, many people contributed to this workbook. First 
and foremost, I thank Mark Krause, who prepared the previous edition. 
Thanks as well to Rebecca Rosenberg, ancillaries editor at Wadsworth, for her 
help. I also thank the following reviewers for their many helpful comments: 
Mark Davis, University of West Alabama; Inna Kanesvsky, San Diego Mesa 
College; Maria J. Lavooy, University of Central Florida; Ilyse O’Desky, Kean 
University; Andrew J. Quinn, St. Joseph’s College; Nanette Silverman, Dowl-
ing College; Suzette Sularski, Kean University; and Randall C. Wolfe, Lime-
stone College.
 Finally, I wish to thank editor Erik Evans for his many useful suggestions 
and Gina Kessler, his assistant, for her support.
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C H A P T E R

1
Learning to Change

The chief purpose of this chapter is to introduce the concept of learning as a bi-
ological mechanism for coping with a changing environment. Learning is not 
merely the study of how people acquire information but the study of how they 
and other creatures survive in a hazardous world. The chapter takes evolution 
as the theoretical foundation for understanding behavior and learning. This is a 
theme that runs through the book. 

Natural Selection
Your text opens with the idea that nature’s one constant is change. Because 
change cannot be avoided, living things must fi nd ways to cope with change or 
they, and their kind, will perish. Natural selection is one way that species cope 
with change. Here is a sampling of questions on key ideas in the chapter:

 1. Three kinds of behavior are strongly affected by genetics, and therefore by 
natural selection. These are ,  action pat-
terns, and general behavior . (p. 9)

 2. A refl ex is not a kind of behavior, but a relationship between 
 and . (p. 9)

 3. Refl exes are subject to , which means an increase in the 
strength of the refl ex response, and , which means a de-
crease in the strength of the refl ex response. (pp. 10–11)

 4. An event that triggers a MAP is called a . (p. 14)

 5. Gregor Mendel’s work on  seems to have played no role in 
Darwin’s thinking about evolution. (p. 3n)

 6. How can evolution occur without the guidance of an intelligent being? (Use 
Dawkins’s metaphor of pebbles on a beach in your answer.) (p. 4)

 7. A T-shirt reads, “Be patient with me. I’m still evolving.” What misconcep-
tion about evolution is implied, and why is it mistaken? (various, but see 
esp. pp. 20 & 22)

 8. If there were no such thing as mutations, what effect would that have on 
evolution? (p. 7)

 9. Stephen Jay Gould said that evolution is a sieve, not a sculptor. Do you 
agree? (pp. 2–8)

 10. How does learning differ from natural selection? How are they alike? 
(pp. 2–8, 23–25)
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Learning: Evolved Modifi ability

 1. Learning is a  in  due to . 
(p. 23)

 2. The term behavior is defi ned as anything an organism does that can be 
. (p. 23)

 3. Events that are capable of affecting behavior are called . 
(p.  24)

 4. What is one problem with defi ning learning as a change in the nervous 
system? (p. 23) 

 5. A 5-year-old child frequently wets his bed. Various steps are taken, and in 
each case bedwetting diminishes. Write L next to each item that qualifi es 
as learning. (pp. 23–24)
a. The child is prevented from drinking anything for two hours before 

bedtime. 
b. The child is given a pill each evening.
c. Whenever the child wets the bed, in the morning he has to put the 

sheets in the washing machine. Later he has to remake the bed with 
fresh sheets. 

d. The child is awakened by an alarm in the night whenever he wets the 
bed. 

e. The child is awakened by an adult every two hours and required to 
use the toilet.

f. The child is severely reprimanded every morning if he has wet the 
bed.

Nature via Nurture

 1. Why does your text refer to nature via nurture, rather than nature versus 
nurture? (pp. 26–29)

 2. What does it mean to say that we are environmental organisms as well as 
biological organisms? (p. 29)

 3. Are humans the most advanced life form on Earth?
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C H A P T E R

2
The Study of Learning 
and Behavior

This chapter provides a general overview of the scientifi c study of learning. 
Many people assume that because behavior is not a physical thing, it cannot 
be measured rigorously. Others assume that behavior is the product of mind 
and therefore falls outside the realm of science. Your text rejects both assump-
tions. This may require you to rethink your own approach to behavior. 

Operational Defi nitions 
In science, terms are typically defi ned by the way in which they are mea-
sured. For example, we might defi ne physical attraction using responses on a 
rating scale, or we might defi ne motivation by the amount of work a person is 
willing to do to receive a reward. However, defi ning terms operationally is of-
ten more difficult than it seems. Provide operational defi nitions for each of 
the following terms. (p. 36)

 1. hyperactivity in schoolchildren 

 2. hunger

 3. fear of dogs 

 4. learning a new word

 5. a kiss

Measuring Learning
Learning is measured in a variety of ways, including the following: a reduc-
tion in number of errors; a change in topography (the “form” it takes); a change 
in intensity; a change in speed; a change in latency (time that passes before 
behavior occurs); a change in rate or frequency. (pp. 36–42)

Below are several examples of behavior change. Describe how you would 
measure learning in each case, and identify the kind of measure (reduction in 
errors, latency, etc.) involved:

 1. A fruit-picker selects fewer and fewer bruised or malformed fruit.

 2. A child ties her shoes for the fi rst time.

 3. A second grader learns to write cursively.
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 4. An American visiting France fi nds that he can reply more quickly to sim-
ple questions posed in French than he could on his arrival. 

 5. A child who always said “I goed to the zoo” and the like, now more often 
says, “I went . . .”

 6. A baby whimpered quietly and was ignored. Then she cried loudly and 
was comforted.

 7. A rat receives food each time it presses a lever. At fi rst the rat presses the 
lever easily with one foot, but the experimenter modifi es the lever so that 
the rat must pounce on the lever with both forefeet. He soon does so.

 8. A baker-trainee takes fi ve minutes to get his fi rst pretzel right, but after a 
few hours of practice he turns out a pretzel in several seconds.

 9. A gambler makes larger bets following a big win.

 10. An artist “goes commercial” and decreases the time taken to complete a 
painting

Research Designs
The text reviews some common methods for studying learning. These include 
anecdotes, case studies, descriptive studies, and experiments. Experiments 
are the most common method used in research on learning so we will focus 
on them. 

 1. Most people rely heavily on anecdotes, but they have serious shortcom-
ings. (p. 42f) Let’s examine some important issues with regard to anec-
dotes. Consider the following situation:

John’s brother, Harry, recently suffered a serious head injury in a 
traffic accident. He is ready to be released to a rehabilitation facility. 
There are three rehab facilities in the area. The web address for facil-
ity A reports that it is ranked by U.S. News & World Report among 
the top ten rehab hospitals in the country; facility B provides a list of 
testimonials from relatives of former patients; facility C offers a list 
of former patients willing to be contacted to answer questions about 
their care.

  Based on the above information:
a. Which if any of these facilities offers anecdotal evidence of their 

quality?

b. Based on the kind of evidence available, which of these hospitals do 
you think is most promising? Why?

 2. Suppose John is leaning toward facility A, above. He goes to the facility to 
check it out for himself. He takes a tour of the brain injury section with a 
group of other relatives of patients. One patient tells John, “My uncle 
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came here after a stroke. He made tremendous progress and went home 
in about three weeks, and you couldn’t even tell he’d had a stroke.” A 
second person responds, “Well, I was here myself after a concussion, and I 
thought the place was terrible. I never saw a doctor, the nurses were 
surly, and the food was horrible. I wouldn’t go here again, but my wife is 
thinking of admitting her brother here.” A third person comments, “I 
haven’t had any experience with this hospital, but it certainly seems a lot 
cleaner than the rehab hospital my father went to years ago.” One of the 
facility’s doctors overhears these comments and says, “You’re going to 
hear bad things about any facility, but in my experience this is an out-
standing rehab hospital.” (p. 42f)
a. Which if any of these comments are anecdotal evidence? 

b. Which should John consider? Which should he ignore? 

 3. Experiments systematically examine the effects of independent variables 
(IV) on dependent variables (DV). The interpretation of the results of an 
experiment may, however, be clouded by the infl uence of extraneous or 
confounding variables. For example, an experiment may show that a new 
job training procedure gets better results than the traditional procedure, 
but if the trainer who uses the new method is an experienced trainer and 
the trainer using the traditional method is not, the difference in trainers 
may be the real reason for the results. Trainer experience is a confounding 
variable. In each example below, identify the IV and DV in the study de-
scribed and list a possible confounding variable. (Note: a study can have 
more than one IV and more than one DV). (p. 45)
a. A psychologist examined how different amounts of food reward 

affected the frequency of bar pressing by rats.

  IV: 

  DV: 

  Possible confounding variable: 
b. A behavioral neuroscientist examined the effects of a drug on maze 

running performance in ten female rats that came from a strain of 
animals bred for efficient spatial learning and memory. 

  IV: 

  DV: 

  Possible confounding variable: 
c. An applied psychologist tested whether different computer screen 

displays infl uenced productivity in office workers. 

  IV: 

  DV: 

  Possible confounding variable: 
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 4. Students are often intimidated by graphs—unnecessarily so, because they 
are usually quite simple. The best way to cope with this problem is for 
the student to graph some data. That is the point of this exercise. 

   Consider the following very hypothetical experiment: A man from 
Brooklyn named Garth is said to learn at a very high rate when he gets 
into a certain altered state of consciousness which he calls “the zone.” 
The zone is correlated with a certain pattern of brain waves on an EEG. 
The experiment is designed to see whether Garth really does learn faster 
when in the zone. First he is given a series of 20 Latin–English word pairs 
such as sic / yes. These are presented aloud by the experimenter at the 
rate of one pair every fi ve seconds. The list is repeated until it has been 
read fi ve times. After this, Garth is given the Latin word and asked to 
provide the English equivalent. This procedure is done fi rst while Garth 
is relaxed, but not in the zone, as indicated by his EEG profi le. Next the 
procedure is repeated with a new set of word pairs while Garth is in the 
zone, as indicated by the EEG. The result is that Garth gets nine correct 
while relaxed and eight while in the zone. 

   Your task is to create a bar graph (use the fi gure outline on the facing 
page) to show these results. Follow these simple steps:
a. Label the Y (vertical axis) “Number Correct.” 
b. Label the X (horizontal axis) “State.”
c. Number the hash marks on the Y axis, starting with the number 1 at 

the lowest hash mark.
d. Label the hash marks on the X axis: “Relaxed” and “In Zone.”
e. Draw a vertical bar above the “Relaxed” label with the height 

corresponding to the number of correct answers given while Garth 
was not in the zone.

f. Draw a vertical bar above the “In Zone” label with the height 
corresponding to the number of correct answers given while Garth 
was in the zone.

g. Examine the results and write a brief interpretation of them in the 
space provided (e.g., “Garth learned more in the zone.”).

h. Identify any confounding variables. (For example, could fatigue have 
affected his performance in the zone?)
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 5. The experimenter who conducted the hypothetical experiment above 
decides to conduct another hypothetical experiment. This time Garth is 
trained and tested each day for fi ve days. On the fi rst day he is fi rst tested 
while in the zone, then when out of the zone. The next day the order is 
reversed, and so on. This time you will create a line graph by plotting the 
data for each day’s results.

   DAY
 1 2 3 4 5

Relaxed  11 14 17 16 17
In Zone 10 15 19 20 20

a. Repeat steps a through c, above.
b. On the X axis, write the numbers 1 through 5 and beneath that write 

“Trials.” 

Title:

Interpretation:
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c. In a small box embedded within the fi gure, label a fi lled circle “In 
Zone” and an open circle “Relaxed.”

d. Make a small open circle representing the number of correct answers 
on day 1 while Garth was not in the zone.

e. Repeat step d for each day.
f. Make a small fi lled circle representing the number of correct answers 

on day 1 while Garth was in the zone. 
g. Repeat step f for each day. 
h. Examine the results and write a brief interpretation of them in the 

space provided (e.g., “Garth learned more in the zone”).
i. Identify any confounding variables. (For example, could fatigue have 

affected his performance in the zone?) 

Title:

Interpretation:
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Animal Use
Your text discusses ethical issues concerning the use of animals in research 
(pp. 51–52). Yet many people who are troubled about the ethics of animal re-
search think nothing of eating meat. Consider:

• Well over 8 billion poultry are slaughtered for consumption in the United 
States every year.

• Millions of cattle, hogs, and sheep are slaughtered for the dinner table ev-
ery year. 

These fi gures don’t prove that animal research is ethical, but it may put things 
in perspective when you consider that less than one percent of the number of 
animals used for food is used in research each year. A small percentage of 
these animals, mostly rats and pigeons, are used in behavioral research.
 Similarly, while people object to the confi nement of laboratory animals 
and to the discomfort some laboratory animals experience, it is worth remem-
bering that food animals often lead lives that are far less than idyllic. Veal, for 
example, is produced by confi ning calves to very small quarters so that they 
cannot stand or move about—ever. If a person confi ned his dog or cat in this 
way, he might be prosecuted for animal abuse. 
 The point is that an impartial examination of our use of animals, in and 
outside the research laboratory, raises important questions. Here are a few to 
ponder. 

 1. Do you object to animal behavior research more than to the use of ani-
mals for food consumption? If so, why?

 2. Would you be more upset about sacrifi cing the life of a monkey for exper-
imental purposes than about sacrifi cing a pig for food? 

 3. Is the life of a laboratory pigeon of more value than the life of a farm 
chicken? 

 4. If behavioral research on dogs and cats might provide insights into disor-
ders such as autism and schizophrenia, does that make it more 
acceptable?

Some students think behavioral research with animals can be replaced with 
computer simulations. If you have a copy of Sniffy the Virtual Rat, read the 
Introduction to Sniffy in the manual and then briefl y explain the uses and 
limitations of programs like Sniffy.
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C H A P T E R

3
Pavlovian Conditioning

Pavlov’s work on salivary conditioning is so widely known that it is spoken of 
in everyday discourse. (“I was so hungry, I was salivating like one of Pavlov’s 
dogs.”) Unfortunately, relatively few people appreciate either the complexity 
of conditioning or the power that it has to affect our lives. Chapter 3 tries to 
leave you with a more sophisticated view. 

Basic Procedures
Students often fi nd the terminology of Pavlovian conditioning confusing. A 
little practice will help keep the terms straight, but fi rst take a quick look at 
the defi nitions:

• Unconditional Stimulus (US): A stimulus that elicits an unconditional 
(unlearned) response.

• Unconditional response (UR): An unlearned response elicited by an un-
conditional stimulus.

• Conditional stimulus (CS): A stimulus that elicits a conditional (learned) 
response.

• Conditional response (CR): A learned response elicited by a conditional 
stimulus. 

• Test trial: A trial in which a CR is measured in response to a CS (usually 
without the US) to determine the strength of the CR.

• Extinction: The procedure of repeatedly presenting the CS alone. The 
usual result is a decline in strength of the CR. If the CR no longer ap-
pears, it is said to have been extinguished.

• Spontaneous recovery: The reappearance of an extinguished CR, usually 
after a period during which the CS did not appear. 

Following are some examples of Pavlovian conditioning. Think about what is 
happening in each and identify the US, CS, UR, and CR in the spaces pro-
vided. (pp. 63–64)

 1. A child always has his teddy bear with him when his parents tuck him 
in. When his parents are away, the teddy bear comforts him.

  US , UR , CS , CR

 2. A song continues to evoke excitement in a woman who heard the song 
during her fi rst kiss with a person to whom she was strongly attracted. 

  US , UR , CS , CR
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 3. A stuntman is seriously injured while doing a stunt on a motorcycle. 
Thereafter he is uneasy around motorcycles.

  US , UR , CS , CR

 4. As a child you watched your mother make fudge. During these experi-
ences she was always smiling and affectionate, and the two of you 
laughed as you ate the batter left in the mixing bowl. Years later you en-
ter a candy store where fudge is being made, and you suddenly find your-
self feeling warm and happy.

  US , UR , CS , CR

 5. A cyclist was attacked by a dog while riding down a country road. On 
subsequent trips down that road, the cyclist’s heart pumps extra fast and 
he experiences heightened anxiety.

  US , UR , CS , CR

Higher-Order Conditioning

 1. In higher-order conditioning, a neutral stimulus is paired with a well-es-
tablished  instead of with a . (p. 66)

 2. The Staats and Staats research described in the chapter suggests that 
higher-order conditioning plays an important role in the emotional mean-
ing of .(p. 67) 

Measuring Pavlovian Learning
One way of measuring Pavlovian conditioning when the US is an aversive is 
by calculating the suppression ratio. What is suppressed is usually an ordi-
nary behavior such as eating or drinking. Think of when you are extremely 
stressed—your eating and drinking behavior may decline. We can use this de-
crease as an index of your stress level. The suppression ratio is calculated as 
follows:

Suppression ratio = 
A

A + B

where A is the amount of responding during the test trial (e.g., number of 
drops of saliva), and B is the amount of responding before the CS and US are 
paired. For example, imagine that you normally spend 60 minutes at the 
breakfast table enjoying a large, leisurely breakfast. This morning, however, 
you are going to have to take a very important exam, so you are really feeling 
stressed. Instead of spending an hour at breakfast, you spend only 15 minutes 
at the table. Your suppression ratio would be: 

15
15 + 60

 = 0.20

Let’s use rats as a way of further examining suppression ratios. The CS in a 
hypothetical study is a brief (0.5 sec) white noise. The US is a brief 2 sec shock 
presented immediately afterward. The conditional response is suppression of 
drinking activity. We measure drinking activity for one minute prior to the 
onset of the CS, and during a one-minute period following the CS. Below are 
sample data (in seconds) after fi ve conditioning trials for ten subjects (Ss). 
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These data come from the fi nal test trial of the experiment. Calculate the av-
erage suppression ratio for the group.

 Ss
 6 22 20
Control group 7 20 11
 8 23 24
 9 17 25
 10 11 10
 Total = Total =
 Average = Average =

 Average suppression ratio

Variables Affecting Pavlovian Conditioning
As you have learned from your text, Pavlovian conditioning is not simply a 
matter of pairing two stimuli. There are many other variables at work. These 
include the way the CS and US are paired, the number of those pairings, the 
amount of experience with the CS before conditioning, and more. Be sure to 
review pages 69–79 prior to completing these exercises. 

 1. There are four basic conditioning procedures: trace, delay, simultaneous, 
and backward (see Figure 3-1, reprinted from p. 70 of your text below).

  Refer to Figure 3-1 and choose the kind of procedure that best fi ts these 
examples. (Each procedure is used once.)
a. You are on the second fl oor of the building where you work. A siren 

sounds, and you are ordered to evacuate the building. This means 
going through a door and down a shaky outdoor fi re escape ladder, 
which you fi nd very unnerving. You can hear the alarm sounding as 
you descend the ladder. 

b. You go to a class with a new instructor. When he asks a question, you 
raise your hand and offer an answer. He makes a very sarcastic 
remark about your answer. 

Figure 3-1

Trace

Delayed

Simultaneous

Backward

Time

Air Puff (US)Buzzer (CS)
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c. You go down the stairs to your basement. When you reach the fl oor, 
you feel a blow to the back of your head. You fall forward but turn 
and see the face of an intruder as he races up the stairs. 

d. You are in a tropical jungle and are walking across a swinging bridge 
with wooden steps. You do not notice that one of the steps is cracked. 
You put your weight on the step, and just as you do so your 
companion sees the danger and says, “Stop!” At the same moment, 
the step breaks and your foot goes through. 

 2. Contingency and contiguity are important variables in all forms of 
learning. 
a. In Pavlovian conditioning,  usually refers to the 

extent to which the CS reliably predicts the appearance of the US. 
b. In Pavlovian conditioning,  usually refers to the 

nearness of the CS and US in time.

 3. Not all stimuli are equally likely to become CSs. (p. 74)
a. An intense stimulus is generally  (more/less) 

likely to become a CS than a weak stimulus.
b. The above fi nding is revealed when a CS consisting of two stimuli, 

one strong and the other weak, is paired with a US. Such a CS is 
called a  stimulus.

c. When two stimuli are presented simultaneously and then followed by 
a US, one of the stimuli will tend to  the other. 

 4. Prior experience with a stimulus affects its tendency to become a CS. 
(pp. 75–77)
a. If a stimulus appears alone (i.e., without a US), this slows the pace of 

conditioning when the stimulus is paired with a US, a phenomenon 
called  inhibition.

b. If an effective CS is presented simultaneously with a new stimulus 
and the two are followed by a US, the novel stimulus tends not to 
become a CS. This phenomenon is called . 

c. A stimulus that has been paired with a CS is more likely to become a 
CS when it is paired with a US, a phenomenon called sensory 

. 

 5. The more times a stimulus is paired with a US, the more likely condi-
tioning is to occur. However, the amount of learning from each trial 

 (increases/diminishes) as conditioning proceeds. 
(p. 77f) 

 6. ITI stands for  and refers to the time between suc-
ceeding trials. (p. 78)

 7. Below are graphs showing fi nal results from fi ve experiments. Study each 
graph and determine which variable infl uencing Pavlovian conditioning 
was examined. (pp. 69–79)



Pavlovian Conditioning  15  
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d. Variable examined: 
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Extinction of Conditional Responses 

 1. When a CS is repeatedly presented alone, and the result is that the CR no 
longer occurs or occurs no more than it did before conditioning, the CR 
is said to have been . (p. 80)

 2.  recovery occurs when an extinguished response 
suddenly reappears. (p.  82)

 3. Extinction is often thought of as the loss of a learned behavior, but it can 
be considered the acquisition of behavior. In one of the graphs below, 
draw a line showing the extinction of a fear response to spiders; in the 
other graph, draw a line showing the acquisition of “not fearing” spiders.  
(p. 81)
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Theories of Conditioning
Scientists constantly consider alternative explanations for their data. In the 
last section of Chapter 3 you read about two competing theories of Pavlovian 
conditioning, stimulus substitution theory and the Rescorla-Wagner model. 
After rereading these pages of your text, consider the following questions:

 1. Pavlov drew a parallel between conditioning and  
communication. (p. 84)

 2. Pavlov’s theory assumes that the  is the same as the 
______________. (p. 84)

 3. Critics of this theory note that the CR is often  than 
the UR, occurs less , and appears more 

 after UR. (p. 84)

 4. There is evidence that the CR is the opposite of the UR. The UR to 
, for example, is reduced sensitivity to pain, whereas 

the CR to stimuli associated with this drug is increased sensitivity to 
pain. (p. 84)

 5. The Rescorla-Wagner model assumes that there is a  
to the amount of conditioning that can occur, regardless of the number of 
CS–US pairings; that the characteristics of the  and 

 determine this maximum; and that each successive 
pairing of CS and US produces  conditioning. (p. 85)

 6. The Rescorla-Wagner model can be expressed by the formula ∆Vn = 
c (λ − Vn − 1). In this formula, ∆Vn stands for a change in the  
of the association; c is a constant based on the characteristics of the 

 and ; and (λ − Vn − 1) indicates 
the total amount of  that can occur. (p. 86)

 7. One implication of the Rescorla-Wagner model is that increasing the 
strength of a US will increase the  at which condi-
tioning occurs and the total amount of conditioning that can occur. (p. 87)

Title:Title:



18  CH A P T ER T HR EE

Chapter 5 of Sniffy deals with Pavlovian conditioning. Exercise 14 provides 
practice in establishing a conditioned response; 15 offers experience with ex-
tinction; and 16 demonstrates spontaneous recovery.
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4
Pavlovian Applications

Chapter 4 of your text describes various applications of Pavlovian condition-
ing. In the exercises below you can practice applying Pavlovian conditioning 
to your own experiences. 

Fear
Nearly everyone has (or once had) an unreasonable fear. Many people are 
afraid of snakes, spiders, or fl ying insects; others are afraid of public speaking, 
or they are anxious at social gatherings such as dinner parties. Most of these 
fears are conditioned emotional responses.

 1. In the space below, briefl y describe one of your fears and how you might 
have acquired it via Pavlovian conditioning. (p. 95f)

 2. If you have overcome this fear, describe if you can how you overcame it. 
Can the experience that reduced the fear be described in terms of counter-
conditioning? If you have not overcome this fear, describe how a therapist 
might use counterconditioning to reduce it. (p. 96)
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 3. What is VRET, and how could it be used to reduce a person’s fear of inter-
acting with others in dating situations? (p. 98)

Prejudice

 1. Draw a parallel between the Staats’s work and ordinary experiences that 
lead to prejudice. (p. 100)

 2. How could you use the new VRET to reduce prejudice? (p. 98)

Advertising 
The purpose of this exercise is to give you some practice at seeing how condi-
tioning principles are used in advertising. Begin by locating three advertise-
ments. You can use ads from printed media such as newspapers or magazines, 
and from websites that will allow you to make a printable copy of the ad. Try 
to fi nd ads that are intended to elicit strong emotional responses. 
 In the boxes below, identify the CS, US, CR, and UR in each of the three 
ads. After completing your analysis of the advertisements, staple them to the 
workbook page (see pp. 102–103). 
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CS:

UR:

US:

CR:

CS:

UR:

US:

CR:

CS:

UR:

US:

CR:

Paraphilias

 1. What is a paraphilia? Give two examples. (p. 105)

 2. Many people seem to believe that the availability of images of naked chil-
dren on the Internet leads to the development of pedophilia. Is merely 
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looking at the images enough to do this? What else might be required? 
(p. 105f)

 3. What is aversion therapy, and how might it be used to treat a man who 
sexually harasses women at work? Should it be used to treat this prob-
lem? (p. 106)

Taste Aversions
Many people acquire a dislike for a certain food. As you learned from your 
text, these taste aversions are typically the result of Pavlovian conditioning. 
In the space below describe an experience you have had that you believe led to 
a conditioned taste aversion. If you are lucky enough to have escaped this ex-
perience, inquire among friends or family and use their experience instead. 
(p. 108) 

Immune Function
Research suggests that the functioning of the human immune system can be 
enhanced or suppressed through conditioning. Other research suggests that 
stress tends to suppress the immune system. Surgery, radiation, chemother-
apy, examinations by doctors, and so on all tend to be stressful. Imagine that 
you are a medical researcher looking for a way to reduce the negative effects 
of stress on the immune system of patients. Describe a program to use condi-
tioning to do this. (p. 111f)

Drug Overdose Deaths
Shepard Siegel’s research suggests that many deaths attributed to overdose 
may occur even when the amount of drug is not unusually large. Why, then, 
does death occur? (p. 113)

Chapter 5 of Sniffy has a section on conditioned emotional responses and the 
suppression ratio (pp. 62-64) that is worth reading, and if you have not yet 
done exercises 14, 15, and 16, you may want to do them now.
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5
Reinforcement

Pavlovian conditioning deals with emotional and other refl exive responses to 
our environment. Operant or instrumental learning covers a much wider 
range of behavior, and its relevance to everyday life is enormous. It is fair to 
say that without an understanding of reinforcement, there can be no real 
under standing of behavior. 

Basic Procedures
Reinforcement is an increase in the strength of a behavior resulting from a 
consequence of the behavior. There are two kinds of reinforcement proce-
dures, positive and negative. Students frequently confuse the two. There are 
two key things to remember about this distinction. The fi rst is that the word 
positive indicates that the increase in behavior strength occurs because some-
thing is added to a situation, while the word negative indicates that the in-
crease in strength results when something has been removed (at least partly) 
from a situation. 
 The second thing to remember is that the terms positive and negative 
indicate nothing about the pleasantness or unpleasantness of a reinforcing 
event. To help drive these points home, consider the following hypothetical 
situations. After each of the following examples, write whether it looks as 
though reinforcement has occurred and, if so, whether the situation illus-
trates positive or negative reinforcement. (pp. 128–129; see esp. Fig. 5-5)

 1. A third grade student is frustrated by an assignment and in disgust says, 
“I can’t do this #$!! stuff!” His teacher is shocked by his language, but 
being an understanding teacher and knowing that he comes from a very 
bad home situation, she says nothing about his language and goes over 
the assignment with him until he is able to do it. Over the next few days, 
she fi nds his use of foul language increases. 
 Is this reinforcement?
 If so, is it positive or negative?

 2. A woman is annoyed because her boyfriend never helps with the house-
work. She is an early riser, so she decides to do housework, including 
vacuuming and laundry, at 5 a.m.—except on those days when he helps 
out. After a week, during which he has not helped out at all, she comes 



home from work to fi nd that her boyfriend has moved out. He has left no 
note. 
 Is this reinforcement?
 If so, is it positive or negative?

 3. A newly married couple enjoy sexual encounters in the afternoon after 
returning from work. After three months, the woman’s interest in these 
encounters declines. The couple is generally compatible, but the husband 
tends to be rather picky. He fi nds fault with the TV shows they watch, 
with the government, with the their car, and especially with her. (Her 
hair is slightly dishevelled, her blouse and slacks don’t quite match, and 
so on). He decides to make a point of saying nothing critical, especially 
about her, after their sexual encounters. Over the next several weeks, he 
sees a slight increase in his wife’s enthusiasm for their afternoon trysts. 
 Is this reinforcement?
 If so, is it positive or negative?

Discrete Trial and Free Operant Procedures 
Your text describes the differences between discrete trials and free operant 
procedures. In attempting the exercises below, remember that:

• In discrete trial procedures the behavior of the subject terminates the 
trial.

• In free operant procedures the behavior may be repeated any number of 
times.

Read the following examples and indicate whether each one involves a dis-
crete trial or a free operant procedure (circle the correct option). Be prepared to 
explain your choice. (p. 130f)

 1. A rat is in a chamber where it receives a steady, mild electric shock to its 
feet through the grid fl oor. When it presses a lever fi ve times, a door 
opens, and the rat can move to another chamber where there is no shock. 
If it stays in the chamber without shock for fi ve minutes, it is returned to 
its home cage.
a. discrete trials 
b. free operant

 2. A rat runs a maze at the end of which it receives food. After eating the 
food, it is returned to the starting point.
a. discrete trials 
b. free operant

 3. Children are given crayons and paper and are rewarded with new colors of 
crayon for each drawing they complete. 
a. discrete trials
b. free operant

 4. A kitten is rewarded with treats each time it successfully uses a litter 
box. 
a. discrete trials
b. free operant
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 5. A pigeon is placed in an operant chamber for two hours and receives rein-
forcement for every ten times it pecks a key. 
a. discrete trials
b. free operant

Operant and Pavlovian Learning Compared
These exercises are designed to help you distinguish between operant and 
Pavlovian procedures (pages 132–134). The most distinguishing characteristic 
is that, with operant learning, there is a contingency between a behavior and 
a stimulus (e.g., B → SR), and in Pavlovian conditioning, there is a contingency 
between two stimuli (CS → US).
 Below are summaries of published experiments on either Pavlovian or op-
erant procedures. Indicate which type of learning is involved in each case. 

 1. Rats learned that they can escape through a hole when a particular visual 
stimulus is present. The rats were placed in an arena that had an escape 
hole leading to their home cages on one side. The home cage contained a 
drop of condensed milk, a rat favorite (Rossier, Grobety, and Schenk, 
2000). 
a. operant
b. Pavlovian 

 2. Rats were transported from their home cages to a test box and were then 
shocked. The researchers then examined freezing behavior in response to 
both the test box and the procedures used to transport the rats to it (Bev-
ins et al. 2000). 
a. operant
b. Pavlovian 

 3. Rats received intracranial stimulation to the reward center of the brain 
when they pressed a lever. The authors examined the relationship be-
tween the amount of pressing in relation to the amount of stimulation 
provided (Leon & Gallistel, 1998). 
a. operant
b. Pavlovian 

 4. Rats received food when they applied a certain amount of force when 
pressing a lever (Slifkin & Brener, 1998). 
a. operant
b. Pavlovian 

 5. Wallabies, a small marsupial, were exposed to a human who acted as 
though he/she was going to capture the wallabies (a threatening event). 
This happened in an area where there was a model of a fox. Wallabies 
were then tested to see if they showed signs of fear of the model fox; they 
did (Griffin, Evans, & Blumstein, 2001). 
a. operant
b. Pavlovian 
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Kinds of Reinforcers
There are various ways of classifying reinforcers. Your text identifi es primary 
and secondary, contrived and natural. These terms are overlapping: A conse-
quence can be both a primary and contrived reinforcer, for example. Unfortu-
nately, the distinctions are often hard to make. Assuming that the conse-
quences in the following example are reinforcing, what kinds of reinforcers 
are they? (pp. 134–138)

 1. A rat presses a lever and receives water. 

 2. A rat chews through a box of grain in a barn and receives food. 

 3. A teacher gives a lesson that is so interesting, the students applaud her. 

 4. Four-year-old Joey falls down and scrapes his knee on the sidewalk. He 
cries and runs to his mother, who puts an ointment on the scrape that 
reduces the pain.

 5. Mr. Randall, who runs a crab processing plant, sets up an incentive pro-
gram for his employees. An employee who “picks” 100 pounds of crab-
meat earns one point that can be used to “buy” paid vacation days. 

Shaping and Chaining
As you know from your reading, shaping and chaining can be used to produce 
behaviors that are not currently in an organism’s repertoire. The following ex-
ercises are designed to increase your familiarity with shaping. (pp. 138–140)

 1. Identify a target behavior. Choose a behavior that does not now occur 
spontaneously but could be shaped. After identifying the target behavior, 
list the successive approximations to that behavior. Be sure to break 
down the response into manageable parts that could be reinforced.
 Target behavior: 
 Successive approximations:

 2. Effective shaping requires you to create a good balance between reinforce-
ment and extinction. Consider the target behavior you selected above and 
answer the follow up questions below. 
a. Select one of the approximations you listed above. How could 

providing too much reinforcement for this approximation hinder 
progress? 

b. How could providing too much extinction for this approximation 
hinder progress?

Variables Affecting Reinforcement 
Your text describes several variables that infl uence operant learning. The es-
sence of these ideas has been expressed in various songs. See if you can match 
the variable with the idea expressed musically—draw a line connecting the 
variable to the relevant title or lyric. (The song titles and lyrics are from a dif-
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ferent era, so don’t be surprised if they aren’t familiar. Ask your parents or 
grandparents about them.) Each item should be used only once. (pp. 144–151)

Contingency “Brother Can You Spare a Dime?”
Contiguity “A Boy Named Sue”
Reinforcer quality “Climb Every Mountain”
Task characteristics “Diamonds Are a Girl’s Best Friend”
Deprivation level “Next to You”
Previous learning “If I Loved You”

Extinction of Reinforced Behavior
Reinforcement strengthens behavior, and extinction weakens it. The follow-
ing exercises are designed to get you thinking about some factors that infl u-
ence the rate at which extinction occurs, and how extinction is represented 
on a cumulative record. 

 1. Figure 5-15 from your text, reprinted below, reveals an extinction curve 
generated by a cumulative recorder. (p. 158)
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  After examining the fi gure above, view Figure 5-17 from your text, re-
printed below. 
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  Now that you have examined these fi gures, think about what the cumu-
lative records might look like for the four groups shown in fi gure 5-17. 
Use the blank graph below to plot cumulative records for the four groups. 
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 2. Extinction is a straightforward phenomenon, but it’s more complicated 
that it seems at fi rst glance.
a. While withholding reinforcement results in an overall decline in the 

behavior, sometimes there is a sudden increase of the behavior called 
an . (p. 158)

b. As one behavior is extinguished, a previously effective behavior 
sometimes occurs. This is called . (p. 159)

c. Some behaviors extinguish more rapidly than others. Those that 
require great effort extinguish  (more/less) 
rapidly than those that require little effort. (p. 161; see Fig. 5-18)

Theories of Reinforcement

 1. In Hull’s theory of reinforcement, events are reinforcing because they 
reduce a  or because they are associated with things 
that have reduced a . (p. 162f)

 2. Hull’s theory does not account very well for the effects of 
 reinforcers. (p. 163)

 3. The Premack principle is at the heart of  theory. 
(p. 164)

 4. The Premack principle states that  behavior rein-
forces  behavior. (p. 164)

 5.  theory says that behavior becomes reinforcing when 
the individual is prevented from performing the behavior. (p. 165)

 6. Escape-avoidance learning involves  reinforcement. 
(p. 129)

 7. The two processes of two-process theory are  
 and . (p. 167)

Exercise 3, on cumulative records, will help you understand data presented in 
this way. Exercises 1 (on magazine training), 2 (shaping) and 5 (extinction) 
will give you hands-on experience with operant training. Exercise 4 (training 
a real animal) is better than any simulation exercise, if you have a pet or can 
buy a mouse or fi sh from a pet store. (Of course, a roommate will also serve in 
a pinch.)
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6
Schedules of 
Reinforcement

The term schedule of reinforcement refers to the rules governing the delivery 
of reinforcers: Is a reinforcer delivered each time a behavior occurs? After ev-
ery third time it occurs? Are reinforcers contingent on time rather than be 
havior? A combination of time and behavior? 
 There are numerous types of reinforcement schedule, each refl ecting a 
unique set of rules. The exercises below are designed to give you practice with 
identifying common schedules and to help you understand how each schedule 
infl uences responding. Because schedules data are nearly always presented as 
cumulative records, we will start with a look at these kinds of records.

Simple Schedules 

 1. The most important simple schedules of reinforcement are fi xed ratio 
(FR), variable ratio (VR), fi xed interval (FI), and variable interval (VI). Fol-
lowing is a list of examples in which reinforcement is being delivered in a 
way that resembles one of these schedules. Remember that ratio means 
that the behavior must occur a certain number of times before reinforcers 
are available; interval means that a certain amount of time must pass 
before a behavior will be reinforced. Also remember that these are “real 
world” examples, not laboratory experiments, so there is room for debate 
about which schedule is in force. (pp. 177–183)
a. A child is allowed to go outside alone to play with friends, provided 

that she checks in with her mother every 30 minutes. The mother 
provides reinforcement (praise) each time the child reports in on 
time. 

b. A woman is playing slot machines at a gambling casino. 
c. A sportsman is hunting deer from a tree stand. 
d.  An angler is fl y fi shing, casting and reeling in the line several times 

before catching a fi sh.
e. A factory worker is paid on piecework. 
f. You are calling a friend and getting a busy signal because he or she is 

frequently on the phone. 
g. A custodian is allowed to take a break after each fl oor cleaned. 
h. To keep an alarm from sounding, a night watchman must turn a key 

in a security box every 20 minutes. 
i. You and a friend are watching for shooting stars. 
j. A salesman works on commission alone. 
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 2. The schedule in which each and every occurrence of a particular behavior 
is reinforced is an FR-1 schedule, also known as  and 
indicated by the initials . (p. 177)

 3. Any schedule in which the behavior is not always reinforced is called an 
 schedule. (p. 178)

 4. To get from an FR-1 schedule to, say, a VR-300 schedule, it is necessary 
to  the ratio. This procedure is a form of shaping. 
(p. 186)

 5. Perhaps the simplest schedule of all is , the only 
schedule in which the behavior in question is never reinforced. (p. 187)

 6. Write the names of the following simple schedules. (pp. 183–185)
a. FD 
b. VD 
c. DRL 
d. DRH 
e. FT 
f. VT

Intermittent Reinforcement and the PRE

 1. In the graph below, draw a hypothetical extinction curve for a rat that 
pressed a lever for food on an FR-10 schedule. Next draw a curve for a rat 
that pressed a lever on an FR-50 schedule. (p. 187f)
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 2. Based on the discrimination hypothesis, which of the following schedules 
would produce the largest PRE? (p. 188f)
a. FR-1
b. FR-10
c. VR-10 

 3. The following results are from a PRE study comparing the mean number 
of responses during extinction for four different FR schedules. Graph the 
results for “number of responses” in bar graph form below. (pp. 187–188)
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 4. In the data shown in problem 3, how many response units would there be 
for each of the schedules? Fill in the empty cells in the table. Graph these 
results below in a bar graph and compare the results to the graph above. 
(p. 191f)

Schedule FR1 FR2 FR4 FR6

 Number of  60 100 120 150
 responses

 Number of 
 response 
 units

Title:



32  CH A P TER SI X

Complex Schedules
Complex schedules combine simple schedules in various ways. See if you can 
recall the names of these schedules. (pp. 192–194)

 1. : Two schedules alternate, but there is no stimulus 
change to indicate when each schedule is in force.

 2.  : Reinforcement is delivered on completion of a se-
ries of different schedules. A stimulus change indicates a shift from one 
schedule to the next.

 3. : Reinforcement is contingent on the behavior of two 
or more individuals.

 4. : Two schedules alternate, with each schedule associ-
ated with a particular stimulus.

 5. : Reinforcement is delivered on completion of a se-
ries of different schedules. The change from one schedule to the next is 
unsignalled.

Title:
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 6. : Two or more schedules are available at the same 
moment, so that the individual must choose between them. 

Choice and the Matching Law
Concurrent schedules present a choice. For instance, a pigeon may peck a red 
disk that reinforces on an FI-5″ schedule, or a yellow disc that reinforces on a 
VR-15 schedule. Somewhat analogous choices are also characteristic of hu-
man life. You may, for example, have the option of playing poker with friends, 
reading a novel, studying for a test, watching TV, jogging, or working. Life 
can even be said to be a matter of constantly making choices among various 
activities, each of which has its own reinforcement schedule. In a sense, we 
must constantly decide which “levers” to press. The matching law is an at-
tempt to characterize how we distribute our time and energy among the dif-
ferent schedules available to us. The matching law can be expressed to show a 
choice between two schedules:

BA

BA + BB
 = 

rA

rA + rB

 There are two behaviors, responses on lever A (BA) and responses on lever 
B (BB). The total number of responses is therefore BA + BB. There are two rein-
forcement schedules, the schedule for lever A (rA) and the schedule for lever B 
(rB). The total number of reinforcers available is therefore rA + rB. The formula 
means that the proportion of responses on lever A will be equal to the propor-
tion of reinforcers available for that response.
 Let’s say we have two concurrent schedules and reinforcers are distrib-
uted as rA = 65% and rB = 35%. Given this, what value(s) would we have for 
BA and BB?

BA = 

BB =

In the table below the number of reinforcers delivered under schedules rA and 
rB are given. Also given is the total number of responses recorded during each 
one hour session. 

 1. Given the above information, fi ll in the missing values of the table for BA 
and BB. In other words, how many responses should occur under schedule 
A, and how many under schedule B? (pp. 196–197)

BA BB rA rB

Total
responses
recorded

 75 50 250

 1000 45 1253

 50 50 271

 12 26 50
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 2. Estimate the proportion of responding you would expect a subject to de-
vote to concurrent VI-20″ and VI-30″ schedules. (pp. 196–197) 
a. VI-20″ 
b. VI-30″ 

Importance of Schedules Research

 1. Explain how schedules are put to use in pharmaceutical research. (p. 201)

 2. Give one other example of the importance of schedules. (pp. 199–200)

Chapter 4 of the Sniffy manual is devoted to schedules. It provides a good re-
view of the material in Chapter 6 of your text, and the exercises provide a feel 
for the various kinds of schedules and their effects that it is difficult to get 
from reading.
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7
Punishment

Punishment is the converse of reinforcement. Whereas reinforcement in-
creases the likelihood that a behavior will be repeated, punishment decreases 
its likelihood. We will begin our review of punishment with practice exer-
cises to help you keep straight the somewhat confusing language of operant 
procedures, including punishment. 

Basic Procedures
There are four basic operant procedures. Two of them are particularly trouble-
some to students, negative reinforcement and positive punishment. Students 
routinely ask, “How can reinforcement be negative, and how can punishment 
be positive?” The key to keeping these concepts straight is to remember that 
positive and negative have nothing to do with the pleasantness of the events; 
they indicate only whether something is added to a situation (positive) or re-
moved from a situation (negative). Before going further, review the table be-
low from Figure 7-1 of your text:

Strength of Behavior

    Negative 
Reinforcement

  Negative
Punishment

     Positive 
Reinforcement

   Positive
Punishment
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Increases Decreases

It may help to consider some hypothetical examples. In each of the following, 
identify the type of procedure. (Each of the four procedures is used just once. 
Warning: These are tricky.)

 1. A rat in a chamber receives a mild, steady shock to its feet through a 
grid fl oor. It moves about the chamber and happens to depress a lever 
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and then experiences no shock for fi ve seconds. When the shock 
returns, the rat immediately goes to the lever and presses it. 
Procedure: 

 2. A young woman is seated on a bus. As she looks about at the other pas-
sengers, she makes eye contact with a young man. He smiles at her. The 
next time she is on a bus, she does not look about at the other passengers. 
Procedure: 

 3. A young man takes a seat on a crowded bus. He smiles at the young 
woman sitting next to him and says, “I like your hat.” She replies sarcas-
tically, “Save your comments for someone who might be interested.” For 
the next two months, every time the man has the chance to sit next to a 
young woman on a bus, he does so and compliments some aspect of her 
clothing. Procedure: 

 4. A fourth grader often gets into fi ghts while on the playground. His 
teacher decides to cut short his recess time each time he fi ghts. The 
frequency of fi ghting drops off substantially in the following weeks. 
 Procedure: 

Variables Affecting Punishment
Your text (pp. 210–217) describes several variables that affect punishment. 
The following exercises are designed to give you some practice with some of 
these variables. 

 1. You are explaining the contingency concept to your grandmother. She 
says, “That sounds like a fancy word for consistency.” Explain the differ-
ence to her.

 2. E. L. Thorndike and B. F. Skinner got poor results with punishment be-
cause the punishers they used were .

 3. In using punishment, it is best to start with a punisher that is strong 
enough to be effective. One problem with doing this is  

.

 4. Punishment is  (more/less) effective when the indi-
vidual has alternative ways of obtaining the reinforcers available for the 
behavior being punished.

 5. Punishment is  (more/less) effective if the punished 
behavior is reinforced with water and the level of water deprivation is 
high.

Theories of Punishment
The two main theories of punishment are one-process theory and two-process 
theory. 

 1. What are the two processes of two-process theory? (p. 218)

 2. Which theory is supported by the Premack principle? (p. 219)
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Problems with Punishment
Your text identifi es fi ve problems with punishment. See if you can name 
them. (pp. 220–222)

 1. E 

 2. A 

 3. A 

 4. A 

 5. I 

Alternatives to Punishment
Punishment is not the only way of reducing the frequency of a behavior. Your 
text considers response prevention, DRL, DRO, and DRI. Try to identify which 
of these procedures is used in each of the following examples. (pp. 223–224)

 1. Jack, a sixth grader, has taken to calling out in class. The teacher admires 
Jack’s newfound enthusiasm but fi nds that by constantly calling out he 
prevents others from participating. She decides to recognize his answers, 
but only if he calls out fewer than three times in any fi ve-minute period. 
(Later she will raise the standard to three times in a ten-minute period.) 
The teacher is using .)

 2. Gertrude complains that her husband always criticizes everything she 
does. On refl ection, however, she realizes that once in a while he says 
something more or less positive, such as “You don’t look too shabby to-
day” or “I have to admit you’re almost as good a driver as I am.” Usually 
Gertrude snaps back at her husband when he criticizes her, but she de-
cides to ignore his negative comments and reinforce the positive com-
ments by saying things such as, “Thank you” and “How nice of you to 
notice.” Gertrude is using . 

 3. Jack is trying to quit smoking. His wife decides to help out—she hides his 
cigarettes whenever she can. She is using  .

 4. Plague’s roommate, Pestilence, has the-uh-huuuhn-annoying habit of-uh-
huuuhn-clearing his throat every-uh-HUUUHN-several seconds, espe-
cially when he’s talking. Plague wants to reinforce periods during which 
Pestilence does not clear his throat. He decides to try looking at Pesti-
lence only when he has spoken for ten seconds without clearing his 
throat. (If this works, Plague will gradually increase the time require-
ment.) Plague is using  .

 5. Martha hates visiting her aged mother in the nursing home because all 
Mom does is frown and complain about her problems. One day Martha 
decides that by making eye contact with Mom and saying things such as, 
“Oh, that’s too bad” and “How awful for you,” she might actually be 
reinforcing complaining. She decides to ignore these comments and focus 
on more cheerful ones. Whenever Mom smiles or talks without com-
plaining, Martha smiles at her, makes eye contact, and says things such 
as, “That must have been fun.” Martha is using . 



This page intentionally left blank 



39  

C H A P T E R

8
Operant Applications 
and Interpretations

Operant principles have found application in a wide variety of settings. “Op-
erant psychology,” as it is sometimes called, has revolutionized the treatment 
of autism and other developmental disorders, shown how to improve both stu-
dent conduct and achievement in classrooms, increased morale and produc-
tivity in the workplace, and helped ordinary people deal more effectively with 
many of life’s everyday problems. It has also provided theoretical analyses of 
complex human behavior, such as language, creativity, insightful problem 
solving, and many forms of puzzling behavior, including superstitions and 
compulsions. These operant interpretations differ radically both from tradi-
tional “commonsense” views and from contemporary psychological interpre-
tations in that they explain the phenomena in strictly scientifi c terms, with-
out reference to ill-defi ned entities such as mind and will. 
 After some questions designed to help you review some basic facts, you’ll 
then have the opportunity to put your knowledge of operant procedures to 
practical use.

Overview 

 1. Alford reduced the frequency of delusions by reinforcing 
 about the existence of a witch. (p. 245f)

 2. Goldiamond noted that bizarre behavior sometimes occurs even when 
reinforcement . (p. 246)

 3. Carr and McDowell describe the case of a normal 10-year-old boy named 
Jim who scratched his skin incessantly for three years. There was no 
medical cause for scratching. He scratched because scratching was rein-
forced by  . (p. 240)

 4.  is the idea that therapies that focus on changing 
behavior result in new problem behaviors replacing old ones. This idea 
has been discredited by research and rejected by the American 

 Association. (p. 241n)

 5. One self-control technique consists of recording the number of times a 
behavior occurs. This is called . (p. 243)

 6. Hal Markowitz used reinforcement to make the lives of animals in 
 more interesting. (p. 232)
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 7. People learn to observe themselves mainly through their interactions 
with other people, and when they do we say they have self- 

. (p. 247)

 8. Mary Boyle treated coma victims by making  (name 
the reinforcer) contingent on the patient’s behavior. (p. 249)

 9. One problem with the idea that people solve problems through 
 is the lack of evidence that solutions appear sud-

denly. (p. 258)

 10. Epstein demonstrated that “insightful” problem solving could be attrib-
uted to the history of . (p. 261)

 11. Animal trainer Karen Pryor used reinforcement to increase the 
 of porpoises. (p. 262)

 12. Some experiments show that rewards reduce creativity. This happens 
when rewards are not contingent on  behavior. 
(p. 264)

 13. Learned helplessness may provide a model for the study of 
. (p. 251)

 14. Seligman established learned helplessness in dogs by exposing them to 
 shocks. (p. 250)

 15. Gambling is an example of a behavior that becomes problematic when it 
is done to . (p. 252)

16. Alan Christopher’s research on gambling in pigeons suggested that the 
cause of excessive gambling may be the schedule of  
rather than personality fl aws. (p. 253)

 17. Adventitious reinforcement differs from other forms of reinforcement in 
that it is . (p. 255)

 18. Wagner and Morris studied  behavior in children 
with the help of a mechanical clown named Bobo. (p. 255)

 19. B. F. Skinner argued that verbal behavior is governed by the law 
. (p. 265)

 20. Verplanck showed that he could reinforce  by para-
phrasing or agreeing with them. (p. 267)

Self-Control
One common application of operant conditioning is self-control. If we are mo-
tivated to change, we can often modify our environment so that the desired 
behavior is more likely to occur. In this exercise you are asked to select a be-
havior that you wish to change. Choose a habit you want to reduce or elimi-
nate. You could also choose a recurring thought that you want to reduce in 
frequency. 
 Your text describes several techniques of self-control (pp. 242–244). 
Choose one of the techniques and use it to change the frequency or duration 
of your chosen behavior. The following fi ve steps will guide you through the 
process of this exercise. 
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• Step 1: Operationally defi ne the behavior you want to change. There are 
two main things to consider in choosing a behavior. First, be sure you can 
measure it. Second, be sure the behavior occurs with sufficient frequency 
so you can complete this exercise in a timely manner. A behavior that oc-
curs only a few times a week is not a good candidate, given the time con-
straints your course sets. 

• Step 2: Decide on a technique and explain why you chose it. The ideal 
technique to use may depend on the type of response you are targeting, so 
choose your technique carefully. For example, if you are attempting to de-
crease the frequency of an annoying thought, self-monitoring may be a 
more useful technique than informing others of your goals. 

• Step 3: Organize any materials needed. This may include making appro-
priate arrangements, if your technique involves distancing or informing 
others of your goals. Gather any counters, stopwatches, or other materials 
you will need. 

• Step 4: Gather data. Be sure to record data carefully as you proceed. Don’t 
try to remember how frequently you bit your fi ngernails during the day; 
record it as you go. A simple technique is to carry a 3 × 5 index card and 
make hash marks on it for each occurrence of the behavior; another idea 
is to use a wrist counter such as are used by golfers. 

• Step 5: Report data and graph it. Once you have completed your self-con-
trol project, you will need to report your fi ndings. In addition to seeing a 
report of your results, your professor may want to see the raw data sheets 
you used. 

Self-control report

Name:

Target behavior:

Operational defi nition of response:

Self-control technique used:

Explanation of your procedure:
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Use the blank graph below to report your data. Include an interpretation of 
your results.

Title:

Interpretation:

Phobia 
Glasscock and MacLean (1990) combined two techniques to help a 6-year-old 
girl named Kim overcome a fear of dogs. Kim acquired the fear following a 
dog attack that occurred while playing outside her house. One technique was 
shaping, which is based on operant reinforcement, and the other was contact 
desensitization, which is based on Pavlovian conditioning. The researchers 
used shaping to encourage the child to remain outside, which is something 
she avoided after the attack. Here is a description of the girl’s behavior: 

Kim actively avoided going outside by herself to play. When 
prompted or directed to play outside, Kim stayed close to the 
house by sitting on a planter adjoined to the house or limited her 
activity to the deck. (p. 170)
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1. What do you think would be an effective, easy-to-deliver reinforcer 
for staying outside? (Keep in mind that Kim is 6 years old.) 

2. How would you use shaping to encourage Kim to explore areas away 
from the house? 

Clicker Training
Chapters 5 and 8 of your text mention the use of a clicker to train animals, a 
technique fi rst suggested by B. F. Skinner (1951) and developed and publicized 
by Karen Pryor. Pryor’s website (www.clickertraining.com/home/) is well 
worth exploring before proceeding with this exercise. Although Skinner and 
Pryor used a small device that makes a clicking sound, you probably carry an 
equally effective clicker in your mouth: By pressing your tongue against the 
roof of your mouth and then rapidly pulling it away, you can probably make a 
distinct “knock” sound. An alternative is to make a snapping sound with 
your thumb and middle fi nger. The point is, you don’t need to carry a clicker 
with you. Your task is to carry out a hypothetical training program: 

 1. Choose an animal to train. Because the training is hypothetical, feel free 
to choose an exotic animal, such as a great white shark or a Tasmanian 
devil. But be sure that the animal hears—snakes, for example, don’t, so 
the clicker sound won’t work with them. Also select a target behavior, a 
behavior you want to shape or increase or decrease in frequency. For ex-
ample, you could train a circus tiger to roar more frequently; roaring goes 
over well with audiences. 
a. Species:
b. Target behavior:

 2. Choose an auditory secondary reinforcer (a clicker, fi nger snapping, or 
the like). Describe how you will establish this sound as a secondary 
re inforcer. 

 3. Describe how you will use the sound to shape or change the frequency of 
the target behavior. (Before you start, you may want to review Tips for 
Shapers on page 141 of your text or review Pryor’s “10 laws of shaping” 
on her website.) 

 4. Describe how you will evaluate whether your training efforts were suc-
cessful. You need an objective measure of effectiveness, not just your 
assurance that “it worked.” 

Interpreting Behavior
Your text demonstrates that complex human behavior can be understood in 
terms of operant concepts such as reinforcement, shaping, extinction, and 
punishment. For most students, this is a radical departure from their usual 
way of thinking about behavior. The following exercises are intended to help 
you see the difference between operant interpretations and traditional 
approaches.

 1. Rocko is a devoted rock climber, and one day he is injured in a fall. His 
injuries are serious, and he may never be able to do rock climbing again-
certainly not at his former level. Nevertheless, he should recover suffi-

www.clickertraining.com/home/
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ciently to live a normal life, provided that he participates actively in his 
treatment. For example, to get better he must endure several months of 
painful physical therapy. In addition, his girlfriend, who is also very ath-
letic, visits him in the hospital, and Rocko can see that she is repelled by 
his physical limitations. Their relationship, he realizes, is effectively 
over. Rocko seems to undergo a personality change. He is depressed, 
surly, and uncooperative and says he has no interest in participating in 
physical therapy or any other treatment. He says his life is over, and he 
wants to die. In his encounters with friends and parents, he is sullen and 
sarcastic and ridicules their efforts to cheer him. Friends and parents say, 
“It’s as though some other person has taken his place. This is not our 
Rocko!” A doctor examines Rocko and recommends that he be trans-
ferred to a nursing home. “He has not the will to live,” the doctor says, 
“and without that we can do nothing for him.” 
a. Rocko’s doctor attributes his behavior to a lack of will. How would 

you interpret Rocko’s behavior in terms of operant principles? 
b. Do the two approaches (in part a, above) suggest different ways of 

dealing with Rocko? If so, explain. 
c. What operant procedures could you use to help Rocko? 

 2. Sigmund Freud suggested that dreams were messages from the uncon-
scious mind. Desires that could not be openly admitted to consciousness 
appeared in disguised form in dreams. Many people, including some psy-
chologists, still accept this view of dreams despite a lack of scientifi c 
evidence for it. 
a. Could dreams be governed by operant principles, just as waking 

behavior is? How? 
b. How might you determine whether dream content is amenable to 

reinforcement, extinction, and punishment? Could dream content be 
shaped? 



45  

C H A P T E R

9
Observational Learning

Learning is a change in behavior due to experience, but sometimes the experi-
ence involves observing others as they interact with their environment. If you 
see someone benefi t from an action, you may be able to follow their example 
and benefi t as well; if you see someone injured by an action, you may be able to 
avoid their mistake. 

Basic Procedures

 1. In observational learning, the observer learns from the experiences of an-
other. Does this mean that our defi nition of learning, a change in behavior 
due to experience, does not apply? 

 2. Can people without sight learn through observation? If so, provide an 
example.

Observational Learning Versus Imitation (p. 281)

 1. Give an example of learning without imitation. 

 2. Give an example of imitation without learning. 

Generalized Imitation (p. 283)

 1. How would you establish generalized imitation in a 2-year-old?

 2. Lovaas found that if he reinforced accurate imitation of English words, 
accurate imitation of  words also increased.

Variables Affecting Observational Learning 

 1. Your text describes several factors that affect observational learning. 
First, see if you can recall those covered in the text, given these hints. 
(pp.  284–288)
a. Consequences of the  behavior
b. Consequences of the  behavior
c. Characteristics of the 
d. ’s age
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e. Observer’s learning 
f. The  state of the observer
g. The complexity of the 

 2. We quite sensibly tend to imitate successful models more than unsuc-
cessful ones. This applies in the realm of dating. If we observe others hav-
ing a good time with a particular person, we are likely to want to spend 
time with that person, too. Japanese quail apparently react the same way 
to other quail. Galef and White (1998) studied the tendency of female 
quail to “change their minds” about the attractiveness of male quail de-
pending on the experience of another female. Below is a redrawn sche-
matic of the avian “singles bar” Galef and White constructed.

male compartment male compartmentfemale compartment

 At the outset of the experiment, male birds occupied compartments on ei-
ther side of the female. All three compartments were separated by Plexiglas 
so the female could view both males and could freely walk to either side of 
her compartment to get a better view of each. The experiment had three 
phases:

• Pretest: A “focal female” (the focus of the experiment) occupied the mid-
dle compartment, with one male in each of the cages to her right and left. 
The experimenters recorded the amount of time the female spent in prox-
imity to either male. The assumption was that the female would spend 
more time near the male she found more desirable.

• Observation phase: Galef and White put another female quail, called the 
“model female,” in the box with the male that the focal female had spent 
the least amount of time near during the pretest. This bird was referred to 
as the “nonpreferred” male. Next the focal female watched as the nonpre-
ferred male mated with the model female.

• Posttest: The researchers removed the “model female” from the nonpre-
ferred male’s compartment. The researchers once again recorded how 
much time the focal female spent near each male bird. The chief fi nding 
was that the focal bird now showed more interest in the male that had 
previously been her second choice. 
a. What do the results suggest about the ability of quail to be infl uenced 

by models?
b. Did the focal female learn from her observations of the model female? 

If so, what did she learn?
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c. Below is a fi gure based on Galef and White’s results. Write a title, add 
labels on the X axis, and write an interpretation of their fi ndings. 
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Title:

Interpretation:

Theories of Observational Learning
The theories of Bandura and of Miller and Dollard are two contrasting views 
of vicarious learning that are described in your text (pp. 289–292). 

 1. What are the four processes that comprise Bandura’s theory? 

 2. How would each of these processes determine whether a normal 3-year-
old child would imitate:
a. Another child’s preference for a toy?
b. Hitting another child?

 3. How would Miller and Dollard’s theory explain each of the following 
behaviors?
a. Another child’s preference for a toy?
b. Hitting another child?



Applications and Interpretations
The work of Albert Bandura and others on social learning shows that people, 
especially young people, are strongly infl uenced by video models. They tend 
to imitate successful models, even when the models behave in ways that are 
officially condemned by society (pp. 294–295).

 1. Given what you now know about observational learning and imitation, 
what steps, if any, do you think the federal government should take to 
reduce the adverse infl uence of television and fi lm on children?

 2. If you think legislation is necessary, can you prevent this legislation from 
intruding on the rights of adults to view what they want to view? If you 
think legislation is not necessary, can you suggest other ways of prevent-
ing the adverse effects of television on children?
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10
Generalization, 
Discrimination, and 
Stimulus Control
Generalization, discrimination, and stimulus control refl ect the dynamic na-
ture of the interactions between organisms and their surroundings. The exer-
cises below are designed to enhance your understanding of these phenomena. 

Generalization 

 1. Generalization is the tendency for a behavior to occur in situations 
 from the one in which the behavior was learned. 

(p. 300)

 2. Little Albert learned to fear a white rat, and this fear generalized to other 
white things, including . (p. 301)

 3. Thorndike showed that a cat that learns to escape a box by clawing at 
something later claws at things when in a different box. This is an exam-
ple of generalization of  (reflex/operant) behavior. 
(p. 301)

 4. Eisenberger demonstrated that if effort is reinforced in one situation, it 
tends to generalize to other situations, a phenomenon he called learned 

. (p. 301)

 5. One way to  (increase/decrease) generalization is to 
provide training in a wide variety of settings. (p. 302)

 6. A curve showing that response strength declines with a decline in the 
similarity of a stimulus to the training stimulus is called a generalization 

. (p. 303)

 7. When generalization is based on an abstract feature of stimuli, rather 
than a physical feature, we speak of  generalization. 
(p. 304)

 8. The effects of reinforcement generalize. So do the effects of punishment 
and . (p. 307)

 9. Figure 10-1 from your text is reproduced below. Add two new generaliza-
tion curves to the graph, one (label it A) that indicates that there was no 
generalization and a second (label it B) that indicates that there was a 
great deal of generalization. 
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 10. You may recall an exercise about the treatment of Kim, a girl who was 
afraid to play outside after she was bitten by a dog. (You may want to 
review that exercise in Chapter 8 of this workbook if you don’t recall it.) 
The fi gure below is meant to show data from a multiple baseline. A mul-
tiple baseline provides support for the effectiveness of a procedure. In 
addition, it can show whether there is generalization of treatment. Draw 
lines showing hypothetical baseline data in the front yard, the side yard, 
and the back yard. Let the side yard data indicate no generalization of 
treatment effects. Let the back yard data show increasing generalization 
of treatment effects beginning around day 21. 

baselineFront
yard

Side
yard

Back
yard

Time
(minutes)

Time
(minutes)

Time
(minutes)

maintenancetreatment
20

10

0

20

10

0

20

10

0
0
10 20 30 40 50 1 5 9

monthsdays
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Discrimination 

 1. In Pavlovian discrimination training, a  indicates 
that a US will follow; a  indicates that a US will not 
follow. (p. 309)

 2. In operant discrimination training, an  indicates that 
a response will be reinforced; an  indicates that a 
response will not be reinforced. (p. 309)

 3. A discrimination training procedure that produces a discrimination with 
few mistakes is called . (p. 312)

 4. DOE stands for . (p. 314) 

 5. MTS stands for a discrimination procedure called  
. (p. 312)

 6. Another name for oddity matching is . (p. 312)

 7. Match the term on the left with the phrase associated with it on the right 
by drawing a line connecting each pair. Each term is to be matched only 
once.

DOE S– is presented in weak form
MTS S+ and S–

simultaneous Lashley’s jumping stand
errorless  different reinforcers
discriminative stimuli compare to sample

 8. Your text notes that generalization and discrimination are inversely re-
lated—the more there is of one, the less there is of the other. In the fi gure 
below (Figure 10-4 from your text), which line shows a lot of discrimina-
tion and which shows a lot of generalization? (p. 308)

(a) (b)

 9. Suppose that the American Ornithological Association has asked you to 
develop a training program to teach elementary school students to dis-
criminate among various groups of birds. They want the program to be 
effective but also easy and enjoyable for the kids. They ask you to start 
with a program that would teach kids to distinguish between songbirds 
and birds of prey. The AOA provides you with numerous slides of these 
two kinds of birds on computer disc, with software that allows you to 



52  CH APTER TEN

present the images side by side or one after another for as long as you 
like. The software also allows you to present images in or out of focus 
and to vary the size of the image. Describe the program that you would 
set up. 

 10. Watanabe and colleagues trained pigeons to distinguish between paint-
ings by Picasso and  . (p. 310)

Stimulus Control

 1. Stimulus control is the result of  training or similar, 
naturally occurring experiences. (p. 309)

 2. The blue jay that has been made ill by eating a  but-
terfl y thereafter also tends to avoid eating  butter-
fl ies. This illustrates a failure of stimulus control. (p. 317) 

 3. To say that a behavior is under stimulus control means that the behavior 
reliably occurs in the presence of the  but not in the 
presence of other stimuli. (pp. 309, 315)

 4. To establish stimulus control of respondent behavior, you would 
pair the  with the US and present the 

 alone. (p. 309)

 5. The fact that you have fi lled in the blanks in the above items is an indica-
tion that your behavior is under  control. 

 6. Describe briefl y how an overweight person could make use of stimulus 
control to reduce his or her weight. (p. 316)

 7. How might stimulus control contribute to the evolution of both preda-
tors and their prey? (Consider the case of camoufl age.) (p. 317f)

 8. An American man is visiting England. After attending a party, he gets 
into his rental car and drives back to his hotel. Unfortunately, he is killed 
in a head-on collision with another car when he drives on the wrong side 
of the road. The accident is attributed to alcohol, though his blood alco-
hol level was low. What other factor might be involved?

 9. Overall, is stimulus control a good thing or a bad thing? Defend your po-
sition. (p. 317f)

 10. Give two examples of your own behavior that are normally under stimu-
lus control. (For suggestions, see p. 315)

Theories of Generalization and Discrimination

 1. Pavlov’s theory assumes that the CS+  certain areas 
of the brain, and the CS−  other areas of the brain. 
(p.  318)

 2. In Spence’s theory, the tendency to respond to a novel stimulus depends 
on the  between excitatory and inhibitory excitation 
to similar stimuli. (p. 319)
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 3. Spence’s theory accurately predicted the phenomenon known as 
. (p. 320)

 4. The Lashley-Wade theory predicts a  (fl at/steep) gen-
eralization gradient if the subject has had no experience with the stimuli 
used. (p. 321)

 5. The Lashley-Wade theory is supported by research by Jenkins and Dallen-
bach. Their study compared generalization gradients of birds that had 
heard a sound  with those that heard the sound only 
when  was available. (p. 321f) 

Applications and Interpretation of Behavior

 1. Keller and Schoenfeld said that a concept is only a name for a kind of 
. (p. 323)

 2. A concept requires  within a class and 
 between classes. (p. 323)

 3. Studies of mental rotation actually obtain data consisting of responding 
to rotated fi gures. The data resemble a gradient of . 
(p. 326)

 4. Holland and Delius did an experiment on mental rotation with pigeons 
and found that the birds responded more  than 
 Shepard and Cooper’s students and made  number 
of errors. (p. 328n)

 5. The physiological effects of nicotine and nicotine withdrawal probably 
cannot account for the tendency of a person to resume smoking long after 
having quit. Such relapses are probably due to the presence of stimuli 
that, in the ex-smoker’s past, have been associated with 

 for smoking. (p. 328)
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11
Memory and Forgetting

People speak of “learning and memory,” but the phrase is redundant, rather 
like saying, “learning and learning.” This is because without retention there 
has been no learning. However, it does make sense to speak of learning and 
forgetting. The phrase, “learning and forgetting” recognizes that what is 
learned can be lost. 
 Nevertheless, psychologists have devoted a great deal of time to memory, 
as if it were a distinct phenomenon, separate from learning. Much of their 
work involves identifying the kinds of memory—which is to say the kinds of 
things people (and other animals) can learn. In addition, neuroscientists have 
spent a great deal of time trying to fi gure out where these different memories 
are located in the brain and in what form. And in recent years they have had 
some success. Therefore your text devotes some space to these questions. 
 But our interest, remember, is on the kinds of experiences that produce 
changes in behavior—including the changes in behavior we call forgetting.

The Memory Store
Your text mentions several metaphors for memory from ancient times to the 
present. The metaphors are often used but seldom thought about much. Let’s 
take a second look at them. (p. 336)

 1. Name the metaphor:
a.  tablet
b.  slate
c.  cabinet
d.  recording

 2. Currently the most popular metaphor for memory is the computer. 
Like a computer, the memory system is said to , 

, and  information. 

 3. Of the metaphors of memory discussed in the text: 
a. Which appeals most to you? 
b. Does your chosen metaphor identify how memories are stored in the 

brain? 
c. Does your preferred metaphor explain how memories are retrieved? 
d. Does it identify the causes of forgetting? 
e. Do any of the metaphors do these things? 
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Kinds of Memory
The kinds of memory psychologists speak of seem to be the kinds of things 
people can learn. There are any number of ways of slicing the knowledge pie, 
and the text discusses only those that are currently in vogue.

 1. Draw lines connecting each term in the left column with its nearest 
equivalent term in the right column. (pp. 337, 339–341)

declarative event memory
nondeclarative implicit
semantic knowledge of the world
episodic explicit
LTM defi ned by retention interval

 2. What is another term for episodic memory? (p. 339)

 3. People say, “You never forget how to ride a bicycle,” but they never say, 
“You never forget how to bake a cake.” 
a. Are these different kinds of memory? If so, what kinds of memory are 

they?
b. Is riding a bicycle really easier to remember than baking a cake? If so, 

why?

 4. Most people are able to remember large numbers of faces, even without 
much practice. Do facial memories fall under one of the types of memory 
covered in the text, or should it be considered a special kind of memory, 
distinct from the others? Are there other kinds of memory that might not 
fi t under the rubrics proposed by memory researchers? 

Where Do Memories Live?
Your book provides some basic information about the neurological basis of 
memory, then raises doubts about the traditional view of memories as things 
located in specifi c spots in the brain. (pp. 342–343)

 1. Research suggests that an organ deep within the brain is very important 
to the establishment of long-term memories. What is that organ? 

 2. Who is H. M., what illness did he have, what treatment did he receive, 
and what did the results of the treatment reveal about long-term 
retention? 

 3. What neurological evidence supports the distinction between semantic 
and episodic memory? 

 4. What did Donahoe and Palmer mean when they wrote that when we are 
not having memories, they don’t exist? 

 5. Your text suggests that memories are like genes. How so? 

Defi ning and Measuring Forgetting
Your text describes various ways of measuring forgetting: free recall, prompted 
or cued recall; relearning or savings; recognition; delayed MTS; extinction; 
and gradient of degradation. Below are various scenarios that involve measur-
ing forgetting. Identify the measure of forgetting that is being used in each 
case. (pp. 345–347)
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 1. George, a circus pig, is trained to retrieve large hats that are distributed to 
people in the audience. If his trainer shows George a Mexican sombrero, 
George runs to the person in the audience who holds the sombrero on his 
lap, grabs it and brings it back to the trainer. As part of the act, the trainer 
shows George a beret and then puts it under a basket, so that George can 
no longer see it, and then has him do other tricks. At the end of the act, 
the trainer announces that it is time for George to retrieve the kind of hat 
that is under the basket. He taps the basket and says, “Get the hat!” 
George runs to the person in the audience who has the beret and retrieves 
it.  

 2. A chimp learned to select tokens that were 1 inch in diameter that could 
be inserted into a vending machine. A year following the experiment, 
tokens ranging from 1/2 inch to 2 inches in diameter are presented to the 
chimp, and the researcher measures the sizes of tokens the chimp selects. 

 

 3. Dr. Pangloss trains rats to press a lever for food, then puts them in their 
home cages. The next day he puts half of the rats in the chamber with 
the lever but provides no food for lever pressing. These rats are put in the 
chamber every day for ten days, during which time they never receive 
food for lever pressing. Six months later Dr. Panglos repeats this proce-
dure with the remaining rats. He then compares the decline in lever 
pressing of the two groups of rats.  

 4. Mr. Candide had guinea pigs run a maze until they could do it with very 
few errors. After a retention interval of three months, he had the guinea 
pigs run the maze again. This time they made many errors. However, 
Candide found that the animals reached their former level of expertise 
with fewer trials than they required originally.  

 5. An art history professor teaches students about Rembrandt and exposes 
the students to several pieces of his work. The following week the profes-
sor shows numerous prints (never seen by his students) from various art-
ists, along with the same Rembrandt paintings, and asks the students to 
identify which ones were done by Rembrandt.  

 6. Students in a statistics class are asked to calculate a correlation coeffi-
cient without being provided with the mathematical formula.

  

 7. Danielle met her fi ancé’s relatives (20 people in all) over the Thanksgiv-
ing holiday and managed to learn their names. Tomorrow she will meet 
them all again at Christmas dinner. As she is greeted by each one, she 
must try to remember his or her name.  

 8. A robbery victim is shown a photo lineup of fi ve people, one of whom is 
the robber. The victim is asked if he sees the person who robbed him. 

 

 9. Susan gets a job as a wine taster at a winery. As part of her training she 
must learn to distinguish one vintage of Bordeaux from another. She grad-
ually does so but after this takes two weeks of vacation. When she re-
turns, she tests her previous skill and fi nds that one Bordeaux tastes 
pretty much like another.  
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 10. Virginia has forgotten to add a few items to her grocery list and realizes 
this as she walks out the front door. She originally thought of these items 
while looking in her refrigerator so she returns to the fridge, opens the 
door, and attempts to recall the items she needs to add to the list. 

 

Variables in Forgetting
Forgetting is not a simple process. It is affected by many variables that inter-
act in complex ways.

 1. Most people think that forgetting occurs because of the passage of time. 
The physical changes in the brain that are presumed to occur during 
learning simply break down, or decay, after learning ends. This decay 
theory of forgetting was criticized by John McGeogh, who said that 
time itself does nothing to cause forgetting. Give a brief summary of 
McGeogh’s argument. (p. 348f) 

 2. William Krueger did a famous experiment in which people learned a list 
of words. The results established that the degree of learning is an impor-
tant factor in forgetting. Describe the experiment and its main result; be 
sure to use the word overlearning. (p. 349f)

 3. It is often said that meaningful material is easier to retain than meaning-
less material. Is meaningfulness a characteristic of the material? If not, 
what makes material meaningful? (p. 351)

 4. When learning something interferes with your ability to recall what you 
learned previously, we speak of  interference. (p. 354)

 5. Explain how forgetting can be cue dependent. (p. 355)

Application and Interpretation 

 1. Research on foraging shows the importance of retained learning to the 
survival of the Clark’s nutcracker. Why should this ability have been 
“shaped” by natural selection? (p. 357)

 2. The experiments of Loftus and others suggest that how a question is 
phrased affects what people recall. How can the use of the word the get a 
different result than the word a? (p. 357f)

Learning to Remember 

 1. The text describes several things you can do to reduce forgetting. How 
many of these can you recall? (pp. 360, 362–364)

 2. Devise a mnemonic for recalling some techniques for improving recall. 
(Consider a verse, such as the one on p. 360 of your text.) (p. 362)

Final Word on Forgetting
Your text suggests that forgetting is not entirely a bad thing. Explain how for-
getting might actually contribute to survival. (pp. 365–368)



59  

C H A P T E R

12
The Limits of Learning

In this fi nal chapter your text explored various limitations on learning. These 
constraints tell us a lot about the adaptive nature of learning. On the one 
hand, we have discovered that only so much can be learned. On the other, we 
see that natural selection has equipped us, and many other species, with spe-
cialized ways of learning that promote our survival. We will conclude here by 
considering some thought questions about the material. 

Physical Constraints

 1. Though apes cannot speak, researchers have taught them to communi-
cate through sign language. Does the ability of an animal to communi-
cate with our species reduce the gap between us? (p. 372)

 2. Skinner taught pigeons to play Ping-Pong, but not in the usual way. What 
implications does his success have for the education of physically or in-
tellectually handicapped children? (p. 373; Fig. 12-1) 

Nonheritability of Learned Behavior

 1. William McDougal took a Lamarckian view of learned behavior. What 
does that mean? Did research support his views? (pp. 374–375)

 2. If learned behavior were inherited, would that make learning more or less 
useful for adaptation? (p. 375)

Heredity and Learning Ability (pp. 375–376)

 1. Evidence suggests that learning ability is partly due to heredity. Evolution 
suggests that if learning ability contributes to survival, humans will be-
come more intelligent (better learners) over generations. Do you think 
this is happening? Why might this not happen? 

 2. The Franks found that wolves solved a problem better than dogs. The 
Franks suggest that the lower learning ability of dogs is due to domestica-
tion. How could domestication have this effect? Could something similar 
be happening to our species? 
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Neurological Damage and Learning

 1. How might the environment of poor children adversely affect their learn-
ing ability? (p. 377)

 2. If there were no ethical issues to deal with, how could you determine 
whether childhood experiences could produce extremely gifted people? 
(p. 378)

Critical Periods (p. 379)

 1. What survival value could imprinting have? 

 2. Psychopaths are notably lacking in feelings for other people. Do you 
think there is a critical period for humans to acquire empathy for others? 
How could you determine if you are right without violating the ethical 
guidelines for research? 

Preparedness and Learning

 1. When the work of Breland and Breland appeared, many people took it as 
proof that the environment is not very important after all in determining 
behavior. Where did these critics go wrong? (p. 381)

 2. What evidence is there of preparedness in humans? (p. 383f)

Conclusion (pp. 385–386)

 1. Your text suggests that most of the serious problems facing the world 
today are behavior problems and that their solution depends at least 
partly on changing behavior. Do you agree? Why or why not?

 2. Research on learning provides the basis for a science of behavior change. 
Do you think we should apply science to changing behavior to deal with 
problems such as pollution, terrorism, and crime? If not, what effective 
alternative is there? 
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