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Foundations of Classical Conditioning


Learning Objectives


After reading this chapter, you should be able to do the following:


•	 Understand	the	fundamental	contribution	made	by	the	Associationist	tradition	to	a	theory	of	
human	behavior	based	on	associations.


•	 Identify	and	describe	the	main	principles	of	association:	frequency,	intensity,	and	contiguity.


•	 Describe	Ivan	Pavlov’s	research	with	salivary	conditioning	in	dogs	and	know	the	technical	terms	
used	(conditioned	and	unconditioned	stimuli,	conditioned	and	unconditioned	responses,	etc.).


•	 Define	the	concepts	of	extinction,	conditioned	inhibition,	generalization,	discrimination,	
second-order	conditioning,	and	counterconditioning.


•	 Describe	Watson	and	Rayner’s	research	on	fear	conditioning	(Little	Albert	experiment)	and	the	
need	for	control	groups.


•	 Recognize	the	distinction	between	skeletal	and	autonomic	nervous	responses	and	examine	the	
range	of	responses	that	can	be	conditioned.


•	 Explain	the	neural	basis	of	behavior	and	learning.


lie6674X_02_c02_037-086.indd   37 4/9/12   8:11 AM








CHAPTER 2Section 2.1 The Associative Tradition


A dog stands motionless in the middle of a room, immobilized by a leather harness. The 
room is very quiet, all outside sound blocked by one-foot-thick concrete walls. A bell 
rings, and the dog turns toward the bell but otherwise shows little reaction. Five seconds 
later, food powder is presented to the dog through a long rubber tube. The silence returns. 
Ten minutes pass; the bell sounds again and, as before, is followed by food. Ten more 
minutes pass. Again the bell sounds, but this time the dog begins to move restlessly in its 
harness, saliva dripping from its mouth. As the trials continue, the dog appears increas-
ingly excited when the bell sounds, with more and more saliva flowing into a tube that 
has been surgically implanted in the dog’s mouth. The saliva flows through the tube into 
an adjoining room, where technicians record the number of drops.


When word of this experiment reached other scientists, the news was greeted with tre-
mendous excitement. It was conducted toward the end of the 19th century, and within a 
few years, virtually every psychologist in the world knew the name of the experimenter: 
Ivan Petrovich Pavlov. Within a few decades, his research had become perhaps the best 
known in the history of science, ranking with the legendary fall of an apple onto Isaac 
Newton’s head.


Why all the excitement? What was so interesting about the fact that a dog could be trained 
to salivate? The answers to these questions have their roots deep in the history of Western 
intellectual thought, and we will need to explore that history briefly to understand the 
reaction to Pavlov’s experiments.


2.1 The Associative Tradition
Early explanations for different phenomena were 
generally religious in character. Human behavior 
was seen as unpredictable, determined by fate or 
the whim of the gods. The advent of Christianity 
produced significant changes in these beliefs, but 
behavior was still seen as fundamentally unpre-
dictable. Individuals were believed to have free 
will because they had souls. For almost 1,700 
years there were few significant departures from 
this theme, until the publication in 1649 of The 
Passions of the Soul by René Descartes. Descartes 
was a brilliant mathematician (Cartesian geom-
etry was named after him), but he was also an 
outstanding philosopher, of such eminence that 
he was invited to Sweden to serve as the personal 
tutor to Queen Christina, then one of Europe’s 
most powerful monarchs. He wanted to decline 
the queen’s invitation politely, but she dispatched 
a warship to collect him, and he then found the 
honor too great to refuse. Conditions, however, 
proved less than ideal: Classes were held at five 
o’clock in the morning, in the unheated library of 


Descartes (1596–1650) was a French 
philosopher whose general conception of 
the reflex has been extremely useful to 
psychologists and physiologists alike.
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the castle. It was apparently an unusually rigorous 
winter even by Swedish standards, and Descartes 
died of pneumonia before it ended (Boring, 1950).


The Reflex
Aside from its implications for those contemplating 
careers in philosophy, Descartes’s life is important to 
us because he was the first major figure in Western 
civilization to offer a detailed, mechanistic explana-
tion for human behavior. According to Descartes, 
our senses and muscles are connected by a complex 
network of nerves, and the flow of “animal spirits” 
through these nerves makes possible the instinctive 
reactions necessary for survival. So if a person steps 
into a fire accidentally, for example, the nerves in 
the foot are stimulated and transmit this excitation 
to the brain. The brain then releases animal spirits 
into the nerve, which flows back to the calf muscle 
and causes it to swell, resulting in the foot’s with-
drawal from the flame. This simple mechanism—
a receptor activating a muscle through a direct, 
innate connection—Descartes called a reflex, and 
he proposed that reflexes underlie all automatic, 
involuntary reactions.


The Association
Descartes’s analysis showed how seemingly complex movements of the body could be 
explained by the same simple mechanisms that governed machines, but he was not pre-
pared to allow a similar determinism in the operation of the mind. This audacious step 


was taken some 40 years later 
by an English physician named 
John Locke, secretary to the Earl 
of Shaftesbury. As was the cus-
tom of those times, Locke met 
weekly with educated friends 
to discuss current issues in areas 
such as science and theology. At 
one of these meetings, held in 
early 1671, the disagreements 
became particularly intense, 
and it puzzled Locke that intel-
ligent men could hold such dif-
ferent opinions regarding the 
same basic facts. He resolved 
to prepare a brief paper for the 
next meeting analyzing how 


These feet are toasting comfortably near 
a fire, but if they came too close to the 
flames, nerve cells in the feet would be 
stimulated and the excitation would be 
transmitted to the brain, producing an 
automatic reaction.


A bust of John Locke (1632–1704) in the Stowe Landscape 
Gardens in England.
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each of us forms our ideas of the world and why our ideas are so different. Twenty years 
later, he finally completed this analysis, and it was published as a lengthy book, An Essay 
Concerning Human Understanding. The ideas in this essay were elaborated by later philoso-
phers such as David Hartley and James Mill; together, these ideas form the doctrine that 
has become known as British Associationism.


The British Associationists
According to the Association-
ists, thought is simply a succes-
sion of ideas, so that the basic 
unit of all thought is the idea. 
Descartes had believed many of 
our ideas to be innate, but Locke 
argued that our minds at birth 
are a tabula rasa, or blank slate. 
Any ideas we may have, he said, 
could only be acquired through 
experience.


Locke suggested that sensations 
that occur together become 
associated, so that if one of 
these sensations recurs it will 
automatically elicit the other. A 
stone, for example, produces a variety of visual and tactile sensations, which become asso-
ciated through repeated pairings. This compound sensation (associated sensations) then 
forms our idea of a stone. Ideas, in other words, are nothing more than sensations that 
have become associated with one another. This process of association also explains the 
sequence in which ideas occur to us, as the Scottish philosopher James Mill illustrates in 
the following passage from Analysis of the Phenomena of the Human Mind:


Our ideas spring up, or exist, in the order in which the sensations existed, 
of which they are the copies. This is the general law of the “Association of 
Ideas.” . . . Of the successive order of our ideas, many remarkable instances 
might be adduced. Of these none seems better adapted to the learner than 
the repetition of any passage, or words; the Lord’s Prayer, for example, 
committed to memory. In learning the passage, we repeat it; that is, we pro-
nounce the words, in successive order, from the beginning to the end. The 
order of the sensations is successive. When we proceed to repeat the pas-
sage, the ideas of the words also arise in succession, the preceding always 
suggesting the succeeding, and no other. Our suggests father, father sug-
gests which, which suggests art; and so on, to the end. How remarkably this 
is the case, anyone may convince himself, by trying to repeat backwards 
even a passage with which he is as familiar as the Lord’s Prayer. (Mill, 1829)


The Laws of Association 
The concept of association can thus explain not only the existence of ideas but even the 
order in which they occur. The strength of an association was assumed to depend on 


Locke believed that a person’s mind at birth is blank, like white 
paper, and attributed all ideas in the mind to experience.
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contiguity: The closer in time two events occurred, the more strongly they would be asso-
ciated. In the Pledge of Allegiance, for example, the word I is immediately followed by 
pledge, and as a result a strong association is formed between them. The word allegiance 
follows soon after, but the time between I and allegiance is longer than the time between I 
and pledge; as a result, I is associated with pledge more strongly than with allegiance, so that 
I is more likely to make us think of pledge. 


A second principle of association was frequency: 
The more often two words occurred together, 
the more strongly they would be associated. The 
Pledge of Allegiance again provides an example: 
The more frequently we hear it, the more strongly 
we associate the words, and thus the better we 
recall it.


A third principle determining the strength of an 
association was said to be the intensity of the feel-
ings that accompanied the association. If a cat 
scratches a child, for example, the pain involved 
will become strongly associated with the situ-
ation, and the child will likely remember the 
incident whenever he or she returns to the place 
where it occurred.


By the nineteenth century, therefore, the his-
torical groundwork was in place for a theory of 
human behavior based on associations. Descartes 
had shown how movements could be explained 
through associations, or connections, between 
senses and muscles, and the British Association-
ists had extended his analysis to the mind, show-
ing how thought could also be explained through 


associations between ideas and how ideas could in turn be analyzed into associations 
among sensations. The key to understanding human behavior, therefore, seemed to lie 
in understanding how associations are formed. On this issue, however, the philosophers 
were unable to agree. Each philosopher identified a set of factors that might influence 
the strength of an association, but because the evidence for these factors rested solely on 
introspection, there was no obvious way to decide which factors were really important 
and which were not. If only there were an objective method for studying the formation 
of associations.


2.2 Pavlov’s Conditioned Reflexes
Ivan Petrovich Pavlov was born in a small village in Russia in 1849. His early years 
were spent preparing for the priesthood at the local church school. His plans eventually 
changed, and in 1870 he walked hundreds of miles across Russia to enroll in St. Peters-
burg University as a student of physiology. His particular interest was in the physi-
ology of digestion, and he developed ingenious surgical procedures for measuring 


How strongly the little girl in this picture 
will come to associate cats with pain will 
depend on the intensity of her pain.
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salivary and gastric secretions 
in dogs.


Saliva is secreted by special 
glands within the cheek and 
then carried by ducts to the 
cheek’s inner surface. By sur-
gically redirecting one of these 
ducts, Pavlov was able to 
divert the saliva to the exter-
nal surface of the cheek, where 
it could be collected through a 
connecting tube and then ana-
lyzed. This kind of surgically 
implanted tube is known as a 
fistula, and with its aid Pavlov 
was able to show that saliva-
tion was an automatic, reflexive response that was elicited whenever food came into 
contact with the mucous membranes of the mouth.


The Discovery of Conditioning
After his dogs had been tested for several sessions, Pavlov noticed a strange phenom-
enon: The dogs began to salivate not only when food was placed in their mouths but also 
at other times. Many scientists would have either ignored this salivation, considering it 
irrelevant, or sought actively to prevent it because its occurrence would contaminate their 
measures of the pure reflex to food. Pavlov, however, was fascinated. If salivation is a 
reflexive response, lawfully elicited only by very specific stimuli such as the presence of 
food in the mouth, why should it suddenly begin to occur in the absence of these stimuli?


An Associative Analysis 


In analyzing this “psychic” secretion, which appeared to have no cause, Pavlov noticed a 
pattern to its occurrences. For example, the dogs were particularly likely to salivate when 
they saw the experimenter enter the room, or when they heard his footsteps. Was it possi-
ble that the dogs had come to associate these stimuli with the delivery of food? Or, in Pav-
lov’s terminology, was it possible that in addition to the innate, or unconditioned reflexes, 
with which every animal was born, they were able to form new, conditioned reflexes? 


Stating his hypothesis in physiological terms, Pavlov began by assuming that any stimu-
lus would produce activity in a set of neurons in the brain that effectively represented that 
stimulus (a “center”). When food was placed in a dog’s mouth, for example, this would 
activate the food center, and this activity would then be transmitted through an innate 
connection to the salivary glands, causing salivation (Figure 2.1). And if a tone preceded 
the food, the tone would activate its own cortical center.


So far, this analysis conformed closely to physiologists’ understanding of the brain’s func-
tioning at the time, but Pavlov now introduced a critical new assumption. If two centers of 
the brain were active at the same time, he suggested, the connection between them would 


Pavlov and his colleagues (circa 1911) in his laboratory at the 
Military-Medical Academy in St. Petersburg, Russia.
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be strengthened. In our example, the fact that activity in the tone center was closely fol-
lowed by activity in the food center would mean that the connection between these cen-
ters would be strengthened. The next time the tone was presented, therefore, the resulting 
activity would be transmitted to the food center, and from there to the salivary glands. 
The tone, in other words, would now elicit salivation in exactly the same way as food.


This analysis, if correct, could have far-reaching implications. As we saw in Chapter 1, 
behavior depends on the routing of electrical impulses through the brain, and this rout-
ing depends on the strength of the connections between individual neurons. If we could 
understand how the strength of neural connections is altered, we would understand the 
crucial mechanism underlying the brain’s operations. Because of the brain’s complexity, 
however, it is normally extremely difficult to study the formation of new connections. Sup-
pose, for example, that we wanted to study the neural changes that occur as a child memo-
rizes a poem in school. How would we observe changes in connections between individual 


Figure 2.1: Pavlov’s view of classical conditioning


If the sight of Pavlov preceded food, the visual representation of Pavlov in the dog’s brain would be 
connected to the food center. Excitement in the food center would then be transmitted via an innate 
pathway to the dog’s salivary glands.


food center


salivary 
glands


visual representation
of Pavlov
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neurons in the child’s brain? And even if we had a technique for doing so, how would we 
know which of the brain’s 100,000,000,000 neurons to monitor? If Pavlov’s hypothesis was 
correct, however, he could monitor the formation of new connections simply by measur-
ing a dog’s salivation: The stronger the connection between the tone and the food center, 
the more electrical impulses would be transmitted to the food center and subsequently 
to the salivary glands, resulting in greater salivation. The amount of salivation, therefore, 
provides a simple index of the strength of this connection. To determine the laws govern-
ing the formation of neural connections, therefore, all Pavlov needed to do was manipulate 
possible variables and observe their effects on the amount of salivation. If, as he believed, 
all education and training “are really nothing more than the results of an establishment of 
new nervous connections” (Pavlov, 1927, p. 26), then studying how dogs learn to salivate 
might lead to an understanding of the neural mechanisms underlying all learning.


Excited by this possibility, Pavlov abandoned his research on digestion, even though it 
had already made him famous and was soon to earn him the Nobel Prize. Instead, he set 
out to study how new associations were formed by deliberately pairing stimuli with the 
presentation of food and observing how the conditions of pairing influenced the develop-
ment of salivation.


Controlling the Conditions 


Pavlov recognized from the outset that the task was not going to be an easy one: The brain 
was an enormously complex organ, sensitive to countless stimuli from the outside world, 
so that the effects in which he was interested might easily be lost in the flood of stimuli 
constantly washing over his subjects.


Unless we are careful to take special precautions the success of the whole 
investigation may be jeopardized, and we should get hopelessly lost as 
soon as we began to seek for cause and effect among so many and various 
influences, so intertwined and entangled as to form a veritable chaos. It 
was evident that the experimental conditions had to be simplified, and that 
this simplification must consist in eliminating as far as possible any stimuli 
outside our control which might fall upon the animal. (Pavlov, 1927, p. 20)


To achieve this, Pavlov conducted his initial studies in an isolated room, where no one 
but the experimenter was allowed to enter. This precaution, however, proved inadequate, 
as even the slightest movement of the experimenter, such as a blink, was enough to dis-
tract the dogs. Pavlov tried placing the experimenter outside the room, but this did not 
solve the problem, as the dogs continued to be affected by stimuli such as the footsteps of 
passersby and even a cloud that temporarily reduced the amount of light coming in the 
window. Finally, Pavlov was driven to designing a completely new laboratory.


It looked like a fort, with walls more than a foot thick, encircled by a trench filled with 
straw to reduce vibrations from passing traffic. The actual test rooms were widely dis-
persed through the building to minimize distracting noises. Figure 2.2 illustrates a typical 
test room. The dogs were strapped into loose-fitting harnesses to reduce movement, and 
any salivation was carried off through a tube to an experimenter in an adjacent, sound-
proof room. With the aid of a variety of electrically operated signal devices, Pavlov was 
now able to control the external stimuli that reached his subjects, and thus was ready to 
make a systematic study of how associations are formed.
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Figure 2.2: Apparatus used in Pavlov’s study


Apparatus used in Pavlov’s study of salivary conditioning in dogs. Saliva flowed through a tube 
connected to the dog’s cheek and traveled to another room, where it could be recorded. 
Source: After Yerkes & Morgulis, 1909.


A Typical Experiment


We can illustrate the quality of the results Pavlov now obtained by describing an experi-
ment conducted by one of his students. Anrep (1920) first presented his dogs with a tone 
by itself and found that it had no effect on salivation. He then paired the tone with food: 
The tone was sounded for five seconds; then, two seconds later, food was presented. Each 
of these tone–food pairings was called a trial, and Anrep presented a trial every few min-
utes. (The actual time between trials varied between 5 and 35 minutes.) On an average of 
once every ten trials, the tone was presented by itself for 30 seconds so the experimenter 
could measure the amount of salivation elicited solely by the tone.


The results for two subjects are shown in Figure 2.3, which shows that the magnitude of 
salivation on the test trials gradually increases from 0 drops to a maximum level of about 
70 drops after 30 pairings. One striking feature of these results is the smoothness and reg-
ularity of the learning curves. It normally requires averaging the results of many subjects 
to eliminate random variations and produce curves of this smoothness, but because of the 
extraordinary control Pavlov achieved over the environment, he and his colleagues were 
able to produce beautifully clear and uniform data even in single subjects. Even more dra-
matic evidence of the underlying lawfulness of behavior in this situation is the similarity 
of the learning curves of the two subjects: Even though the subjects were tested separately, 
their behavior was virtually identical on trial after trial.
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Figure 2.3: Salivary conditioning in dogs


The x-axis represents the number of trials, while the y-axis represents drops of saliva. For both of the 
canine subjects, the amount of saliva rose sharply as the number of trials increased, until the amount of 
saliva began to level off at about 60 drops after 30 trials.
Source: Data from Anrep, 1920.
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Pavlov called the salivation elicited by the food an unconditioned response (UR), because 
no training was necessary to establish it, whereas the salivation to the tone is a conditioned 
response (CR)—that is, a response whose occurrence depends on particular conditions of 
training. Similarly, the food is an unconditioned stimulus (US) for salivation—that is, a 
stimulus that elicits a response without training. Finally, the tone is called a conditioned 
stimulus (CS)—a stimulus that, through training, elicits a response (see Figure 2.4). The 
entire procedure, in which the pairing of a CS with a US results in increased responding to 
the CS, has come to be known as Pavlovian or classical conditioning.
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Figure 2.4: A typical classical conditioning procedure


An unconditioned stimulus (US), food, leads to an unconditioned response (UR), salivation. Introducing a 
conditioned stimulus (CS) of a tone before the food’s presentation results in the tone eventually creating 
a conditioned response (CR) of salivation, even without the food.


CR


US UR


tone


salivation


salivation
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toneCS


Conditioning


Result
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Extinction 
Pavlov saw conditioning not simply as a useful tool for studying the formation of 
associations but as a process of fundamental importance in its own right. As we have 


seen, animals are born with 
a variety of innate reflexes 
that allow them to respond 
quickly to important events—
for example, blinking when a 
gust of air brings the danger of 
particles being blown into the 
eye. Unlearned reflexes such as 
these are important in allow-
ing animals to cope with situ-
ations that always require the 
same response. Some features 
of the environment, however, 
vary in terms of what response 
is appropriate, and Pavlov saw 
classical conditioning as a vital 


What happens to a bear’s motivation to return to a particular 
river for food when fish are no longer there?
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mechanism that allowed animals to adjust their behavior to new circumstances. Griz-
zly bears, for example, feed on salmon, but rivers contain salmon only during a brief 
migration season. If a bear visits a river one day and finds it teeming with salmon, the 
bear will clearly have a better chance of survival if it learns that the river is now a good 
source of food (in other words, if it learns to make an association between river and 
food).


Once the salmon migration is over, however, a river that was once full of fish becomes 
empty. What happens to an established association when the CS no longer signals the 
US? The answer is shown in Figure 2.5, which presents the results of an experiment in 
which a previously conditioned stimulus was presented a number of times without the 
US. The result was that the conditioned response gradually disappeared, a phenomenon 
referred to as extinction. Although answering one question, this result immediately raised 
another—namely, why did the response disappear? If a neural connection had been estab-
lished in the brain between the CS and the US, could this connection have been obliterated 
simply by presenting the CS by itself a few times?


Figure 2.5: Extinction


Extinction of a conditioned response when the conditioned stimulus is presented repeatedly by itself. 
Eventually the conditioned response no longer appears.
Source: Data from Pavlov, 1927.
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To Pavlov, this was implausible. There was no physiological evidence that neural con-
nections suddenly disintegrated in this way, and observations of the dogs’ behavior also 
suggested that the connections formed during conditioning were still present after extinc-
tion. If, for example, an interval of time was allowed to elapse after extinction had been 
completed, and if the CS was then presented again, the previously extinguished response 
would suddenly reappear. Figure 2.6 shows that after a series of extinction trials in which 
salivation was progressively reduced to zero, the CS was reintroduced after a lapse of 
two hours, and again elicited a significant amount of salivation. This spontaneous recov-
ery of the response was only temporary; with further presentations of the CS alone, the 
recovered response was again rapidly extinguished. The recovery clearly demonstrated, 
however, that a connection still existed between the CS and the response.


The Concept of Inhibition 


If the CS were still associated with salivation, why had the dog stopped salivating during 
the earlier extinction trials? The answer, according to Pavlov, was not that the old, excit-
atory connection had been destroyed, but that the CS had also acquired the capacity to 
inhibit responding. During conditioning, pairing of the CS and US was assumed to estab-
lish an excitatory connection between the corresponding brain centers, so that activation 
of the CS center would be transmitted to the US center. Then, when the CS was presented 
on its own during extinction, a new connection, an inhibitory connection, would be estab-
lished between the centers, so that activity in the CS center would now tend to block or 
inhibit activity in the US center, as well as to excite it. Once the strength of the new, inhibi-
tory connection matched that of the existing excitatory connection, the net input would be 
zero and no response would be elicited.


Figure 2.6: Spontaneous recovery of an extinguished response


After extinction, if the CS is reintroduced after an interval of time, the previously extinguished response 
spontaneously reappears.
Source: Data from Pavlov, 1927.
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During Pavlov’s time, no direct evidence was available for the existence of inhibitory and 
excitatory connections in the brain, but physiological research since then has confirmed 
their existence. When an electrical impulse arrives at a neuron’s terminal, it causes the 
release of chemical neurotransmitters that flow across the synaptic cleft to the next neuron 
in the chain. In excitatory connections, the neurotransmitters produce changes in the cell 
membrane of the second neuron that eventually cause it to initiate an electrical signal. Dif-
ferent neurons, however, produce different neurotransmitters, and some have the effect of 
blocking changes in the cell membrane. Thus, if two neurons converge on the same target 
neuron, and one releases excitatory neurotransmitters while the other releases inhibitory 
ones, their effects might cancel each other, resulting in no change in the target neuron’s 
electrical activity.


During conditioning, Pavlov suggested, an excitatory connection is established between 
the CS and US (Figure 2.7a). During extinction, a parallel inhibitory connection is devel-
oped (Figure 2.7b—note that the length of the line is being used to represent the strength 
of the association). As the inhibitory connection becomes stronger, it is increasingly effec-
tive in preventing the response until eventually, when the excitatory and inhibitory ten-
dencies are equally balanced, the conditioned response is no longer elicited (Figure 2.7c).


Figure 2.7: Inhibitory connections


Pavlov’s view of the development of inhibitory connections during extinction: (a) By the end of 
conditioning, an excitatory connection has been formed between the CS and US (solid line). (b) 
Presentation of the CS by itself produces a new, inhibitory connection (broken line). (c) With repeated 
presentations of the CS by itself, the inhibitory connection becomes stronger (represented by a longer 
broken line), until it equals the excitatory connection.


a. USCS
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Conditioned Inhibition 


Direct evidence for the existence of inhibition 
came from the phenomenon of conditioned inhi-
bition—the tendency of a stimulus to block, or 
inhibit, responding as a result of previous train-
ing. The training procedure used by Pavlov was 
to alternate between trials in which the CS+ (pos-
itive stimulus) was paired with food (US) and 
trials in which the CS+ and a second CS, known 
as the CS− (inhibitory stimulus), were presented 
together without food. The CS− signaled that 
food would not be forthcoming, and acquired 
the capacity to inhibit salivation. Suppose, for 
example, that we conditioned salivation to a met-
ronome, but that on certain trials we presented a 
whistle at the same time as the metronome and 
did not present food on these trials.


metronome  food


whistle + metronome  ____


After a series of such trials, subjects would 
respond vigorously when the metronome was 
presented by itself, but not when the metronome 
was presented in conjunction with the whistle. 
The reason, according to Pavlov, was that pairing the metronome with food had resulted 
in the establishment of an excitatory connection between the corresponding neural cen-
ters, whereas pairing the whistle with no food had resulted in an inhibitory connection 
between the whistle and food. When the metronome was presented by itself, it excited 
the food center and thus elicited salivation, but when the whistle was also presented, it 
inhibited the food center. The excitatory and inhibitory tendencies cancelled each other 
out, with the net result that the dogs didn’t salivate on trials when they heard the whistle. 
To test this explanation, Pavlov presented the whistle together with another conditioned 
stimulus, a tactile stimulus that had previously been paired with food:


whistle (CS−) + tactile stimulus (CS+)  ?


If the whistle were truly able to inhibit salivation, it should now reduce responding to the 
tactile stimulus in the same way it had to the metronome. As shown in Table 2.1, this is 
exactly what happened. When the tactile stimulus was presented by itself, it elicited copi-
ous salivation, but when it was combined with the whistle, salivation declined drastically. 
The whistle really was inhibiting salivation. (For further discussion of inhibition, includ-
ing the need for appropriate control groups, see Williams, Overmier, & LoLordo, 1992, 
and Cole, Barnet, & Miller, 1997.)


A metronome is a musical device used by 
many musicians to help them maintain a 
consistent tempo while they practice; its 
distinctive ticking noise makes it a useful 
stimulus in conditioning experiments.
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Table 2.1: A Test for Conditioned Inhibition


Time Stimulus presented for one minute Drops of saliva during one minute


3:08	p.m. Tactile 3


3:16	p.m. Tactile 8


3:25	p.m. Tactile	+	whistle <	1


3:30	p.m. Tactile 11


To reiterate, most learning psychologists now agree that extinction does not involve the 
destruction of the excitatory association formed during conditioning but rather the forma-
tion of a new, inhibitory association. (See Rescorla, 2001, and Bouton, 2004, for reviews.) 
As extinction trials continue, the inhibitory connection becomes progressively stronger 
until, eventually, it equals the excitatory tendency in strength, and responding ceases.


If responding ceases during extinction because the excitatory and inhibitory tendencies 
become equally strong, why, you might be wondering, does the passage of time cause the 
extinguished response to recover? One possible explanation has been suggested by Bou-
ton (2004). We will present a modified version here, interpreting Bouton’s view within a 
broader theoretical framework proposed by Kamin (1969), which we will be discussing in 
Chapter 4. During conditioning, the dog learns that the CS is followed by food. Then, dur-
ing extinction, the dog is surprised when the tone is no longer followed by food. Because 
availability of food is inherently important, the dog searches for an explanation for the 
new condition. Something has clearly changed; could it be of the passage of time since the 
earlier training, so that while the CS once signalled food, it no longer does so? By the end 
of extinction, the dog will have given up hope of food—it clearly isn’t coming—but if a 
further period of time passes, it may again hope that conditions will have returned to what 
they were at the beginning of conditioning, and that the CS will again be followed by food. 
And so it will again salivate. The claim here is not necessarily that the dog is consciously 
thinking all this, but rather that some equivalent process may be occurring at a neural level.


Other Phenomena 
Pavlov and his colleagues built up an extraordinarily detailed picture of the basic pro-
cesses of conditioning. Indeed, as late as the 1950s it could still be argued plausibly that 
every single major fact about conditioning had been anticipated by Pavlov some 50 years 
earlier. We cannot convey the richness of Pavlov’s work in the space available, but we 
shall summarize briefly a few of the other phenomena he discovered.


Generalization


Pavlov found that conditioning resulted in salivation not only to the CS presented during 
training but also to other stimuli that were similar to it. In one experiment, he conditioned 
salivation to a tone of 1,000 Hz. (Note that the pitch of a tone is determined by the fre-
quency with which its basic sound pattern is repeated each second; frequency is measured 
in units called hertz (Hz), where one Hz equals one cycle per second.) After conditioning, 
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the dogs salivated not only to 
the 1,000 Hz tone but also to 
tones of 1,100 Hz, 1,200 Hz,  
and so on, with the greatest 
increase in salivation occurring 
to the tones most similar to the 
training stimulus (that is, to the 
900 Hz and 1,100 Hz tones). This 
phenomenon is called gener-
alization, and to Pavlov it had 
clear adaptive advantages. In 
nature, we rarely if ever encoun-
ter exactly the same stimulus 
twice; even a human face is 
never viewed from exactly the 
same angle or in exactly the 
same light. It is crucial, there-
fore, that a response not be 


restricted to the precise stimulus encountered on conditioning trials. For example, if you 
became ill after eating a toadstool, you would be wise to avoid similar toadstools, not just 
those that were of exactly the same size.


Discrimination


In some situations, however, it might be very 
important not to respond in the same way to simi-
lar stimuli. The optimum response to a mushroom, 
for example, is not the same as to a toadstool. To 
test whether his dogs could learn to distinguish, 
or discriminate, between similar stimuli, Pavlov 
tried pairing a tone with food many hundreds of 
times to see if salivation would eventually become 
more sharply focused on the precise stimulus that 
was being presented. Simple repetition, however, 
did not sharpen control much. Pavlov found that 
a much more effective procedure was discrimina-
tion training, in which conditioning trials with a 
positive stimulus (CS+) were alternated with pre-
sentations of a negative stimulus (CS−).


CS+  food


CS−  ____


In a typical experiment, a 1,000-Hz tone would 
be presented and followed by food on half the tri-
als; on the remaining trials, selected at random, a  
900-Hz tone would be presented without food. The 
typical results of such an experiment are shown in 


If this yellow Labrador were conditioned to salivate to a tone 
of 1,000 Hz, he would also salivate to similar tones, a process 
known as “generalization.”


Discrimination allows organisms to avoid 
eating certain foods, such as this poisonous 
toadstool. The ability to differentiate 
between foods that create sickness and 
foods that don’t adds considerably to an 
animal’s chances of survival.
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Figure 2.8. At first the subjects responded to both stimuli, as responding conditioned to 
CS+ generalized to CS−. As training continued, responding was increasingly restricted to 
CS+. The subjects had learned to discriminate, or respond differentially to, the two stimuli.


As with many other terms in learning, discrimination can be used in several different 
ways, although the core meaning is similar in each case. In perhaps the most common 
usage, we say that someone discriminates between two stimuli if he or she responds 
differently to them. However, the term is also sometimes used to refer to the procedure 
that produces this outcome (repeated presentations of two stimuli, only one of which is 
followed by the US), or to the process in the brain assumed to generate this behavior. The 
different usages are potentially confusing, but in most cases the intended meaning is clear 
from the context.


Second-Order Conditioning


Once a response had been conditioned to a CS, Pavlov found that he could then use 
that CS to condition the response to yet another stimulus. In one demonstration, a dog 
was first given conditioning trials in which a metronome was paired with food. Once 


Figure 2.8: Discrimination learning


Idealized representation of discrimination learning. On half the trials, a tone was followed by food 
(CS+); on the remaining trials, another tone was not followed by food (CS−).
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the metronome elicited salivation 
reliably, food presentations were 
discontinued and a black square 
was paired with the metronome:


1. metronome  food
2. black square  metronome


After several trials, the black 
square also began to elicit saliva-
tion, even though it had never 
been followed by food. Pavlov 
called this phenomenon second-
order conditioning and consid-
ered it to be the outcome of a 
double associative chain, from 
the square to the metronome 
and then from the metronome to 
food. (See Rescorla, 1980a, for an 
alternative interpretation.)


Counterconditioning 


In addition to extinction, Pavlov discovered 
another way to eliminate a conditioned response, 
which was to pair the CS that elicited it with a 
US that elicited a different response. If the new 
response was incompatible with the old one, 
so that only one of them could occur at a time, 
then the more strongly the new response was 
conditioned, the less likely it was that the old 
response would occur again. This technique has 
become known as counterconditioning. Pavlov 
provided a particularly dramatic demonstration 
of its power by showing that it could be used 
to suppress even unconditioned responses. In 
one experiment, he used an electric shock that 
normally elicited violent escape reactions and 
repeatedly followed it with presentations of 
food. Provided that the intensity of the shock 
employed was not too severe, he found that the 
dogs’ normal defensive reactions were even-
tually suppressed almost entirely. Rather than 
jumping or showing any signs of discomfort on 
being shocked, a dog’s only visible reaction was 
“turning its head to where it usually received 
the food and smacking its lips, at the same time 
producing a profuse secretion of saliva” (Pavlov, 
1927, p. 30).


Pavlov found that after conditioning a response to one 
stimulus, he could transfer it to a second stimulus by 
presenting them together, thereby created what was 
effectively a double associative chain.


Aversive conditioning, which makes a 
certain behavior less appealing by pairing 
it with an unpleasant stimulus, is a type 
of counterconditioning. As we shall see in 
Chapter 3, counterconditioning is sometimes 
used in cases of alcohol dependence; an 
alcoholic may be given a drink together with 
a drug that induces nausea.
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2.3 The Need for Control Groups
When Western psychologists learned of Pavlov’s research, they also wanted to study con-
ditioning. Did conditioning also occur in humans? If so, was it confined to minor behav-
iors such as salivation or could it affect more important aspects of our behavior?


Conditioning Fear in Little Albert 
One of the first attempts to extend classical conditioning to other responses was reported 
by John B. Watson, the founder of behaviorism. Watson believed that psychologists 
should be concerned with overt behavior rather than the hidden processes of the mind, 
and he argued for a greater concern with practical applications. Thus, in 1920, together 


with his graduate student Rosalie Rayner, Wat-
son set out to discover whether fear could be clas-
sically conditioned in humans in the same way 
as salivation in dogs. Their subject was a nine-
month-old infant; his name was given in their 
published paper as “Albert B.,” though he was 
later immortalized as “Little Albert.” Albert was 
a “stolid and unemotional” infant who almost 
never cried. As the first step in their experiment, 
Watson and Rayner presented Albert with a 
white rat and found that it elicited no signs of 
fear; Albert’s only discernible reaction was an 
attempt to play with the animal. They then began 
conditioning trials in which every presentation 
of the white rat was followed by a loud noise that 
had previously been found to elicit strong fear. 
Almost immediately, Albert began to show signs 
of distress on presentation of the rat, and these 
signs increased over succeeding trials. When 
they presented the rat on the eighth trial, they 
recorded Albert’s behavior as follows:


The instant the rat was shown the baby began to cry. Almost instantly he 
turned sharply to the left, fell over on left side, raised himself on all fours 
and began to crawl away so rapidly that he was caught with difficulty 
before reaching the edge of the table. (Watson & Rayner, 1920, p. 5)


This fear reaction also generalized to similar stimuli that, before conditioning, had been 
neutral (for example, a rabbit and a fur coat). Albert’s fear reaction showed no signs of 
fading with time and was still present on a test trial given almost a month later. The 
experiment had to be terminated at this point because Albert’s mother ceased working at 
the hospital where they had been testing him.


The results Watson obtained were very convincing: After only seven conditioning trials, 
Albert’s reaction to the rat was converted from one of mild curiosity to one of apparent ter-
ror. But could the change in Albert’s behavior really be attributed to classical conditioning?


John Broadus Watson (1878–1958)
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The answer depends on exactly 
what we mean by condition-
ing. The essential element in 
Pavlov’s procedure seems to 
be that a stimulus acquires the 
capacity to elicit a response as 
a result of pairings with a sec-
ond stimulus that already elic-
its the response. Putting this 
same idea in a slightly more 
technical fashion, we defined 
classical conditioning earlier in 
the chapter as an increase in the 
probability of a response to a CS 
as a result of pairings of that CS 
with a US. The loud noise used 
in Watson and Rayner ’s experi-
ment certainly seemed to func-
tion as an unconditioned stimulus for fear; why, therefore, should we doubt whether 
Albert’s fear of the rat was the result of conditioning?


Alternative Explanations 
Although the observed fear response might have been the result of pairings of the CS and 
US, the response could also be explained in other ways.


Sensitization


One possible explanation is that Albert’s fear increased simply because of the repeated 
presentations of the rat. This might seem very unlikely. If the rat did not elicit fear ini-


tially, why should continuing 
to present it repeatedly by itself 
endow it with the capacity to 
do so? The first point to note is 
that this explanation is possible 
even if it doesn’t seem likely. As 
we saw in Chapter 1, explana-
tions that initially seem wildly 
implausible sometimes turn out 
to be correct. In this case, more-
over, there is evidence that such 
effects really do occur. In Chap-
ter 1 we discussed an experi-
ment by Davis (1974) in which 
rats received repeated presen-
tations of a tone. Initially, each 
tone presentation caused a star-
tle response, but with repetition 
this startle response diminished 


In Watson and Rayner’s (1920) classic experiment, an infant 
who was immortalized as Little Albert was conditioned to fear 
a white rat through pairings of that rat with a frightening noise.


A white rat, such as the one shown above, might have 
increased Little Albert’s fear response over repeated 
presentations simply because the experimental situation 
increased his level of arousal.
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in magnitude (habituation). In a second experiment, however, Davis exposed his rats to 
exactly the same repetition of a tone, but this time with an 80-db noise present throughout 
the experiment. Under these conditions the startle response to the tone became stronger 
over trials. Such an increase in the strength of a reflexive response when a stimulus is 
repeated is called sensitization. 


Why should the presence of a loud background noise reverse the effects of repeating a 
tone? Groves and Thompson (1970) have proposed an explanation in terms of arousal. 
When we are asleep, our arousal level is low, and any stimulation will produce only a 
muted response. When we are awake, we respond to stimuli more strongly, and the greater 
our arousal, the more vigorously we tend to respond. When a loud noise was added in 
Davis’s experiment, its continuous presence caused a steady increase in the rats’ level of 
arousal, and this in turn amplified their response to the tone. In the case of Watson and 
Rayner’s experiment, it is entirely possible that repeated presentations of the rat increased 
Albert’s fear simply because the experimental situation itself induced increasing levels of 
arousal in Albert.


Pseudoconditioning


Another possible explanation of Albert’s fear is that it was caused by repeated presenta-
tions of the loud noise. We know that the noise frightened Albert; perhaps Albert became 
increasingly anxious as training continued, until eventually any unexpected stimulus 
would frighten him. Albert’s fear, in other words, could have been caused simply by 
repeated presentations of the noise, rather than by the pairing of the rat with the noise. 
Even if the noise had only been presented on its own, Albert might still have become 
frightened when the rat was presented.


This may sound implausible, but there is evidence from other experiments for precisely 
such effects. In a study of eyeblink conditioning by Kimble, Mann, and Dufort (1955), 
adults received 60 pairings of a light (the CS) with a puff of air to the eye (the US). A con-
trol group received the identical treatment for the first 20 trials, but on trials 21–40 they 
received only the US. Finally, on trials 41–60 they again received paired presentations.


Trials Experimental Group Control Group


1–20 CS	 	US CS	 	US


21–40 CS	 	US US


41–60 CS	 	US CS	 	US


How much should responding to the CS increase during trials 21–40? The experimental 
group received 20 pairings of the CS and US during this period, whereas the control group 
received only the US. If pairing is important, responding to the CS should increase in the 
experimental group; if presentation of the US by itself can increase responding to a CS, 
then responding should also increase in the control group. As shown in Figure 2.9, the 
rather remarkable result was that responding not only increased in the control group, it 
increased just as much as in the experimental group.
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Figure 2.9: Pseudoconditioning


Pseudoconditioning. The experimental group received 60 pairings of a light with an air puff; the control 
group received CS-US pairings on trials 1–20 and 41–60, but only the air puff during the intervening interval.
Source: Adapted from Kimble, Mann, & Dufort, 1955.
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An increase in responding to a CS caused by presentations of a US by itself is called pseu-
doconditioning, and it is perhaps not as mysterious as it might seem. In the case of eye-
blink conditioning, puffs of air to the eye are likely to dry the eye, making it more likely 
that subjects will blink whenever any sudden stimulus is presented.


In the case of Watson and Rayner’s experiment, Albert’s fear might have manifested 
because he associated the rat with the noise, but it also might have been caused by 
repeated exposure to the rat (sensitization) or the noise (pseudoconditioning). The point 
is, in order to demonstrate classical conditioning, we need to be sure that any increase in 
responding is caused by the pairing of the CS with the US, not just by presentation of one 
of these stimuli.


One way to satisfy this requirement is to use an unpaired control—a group in which 
the CS and the US are presented at widely separated times (Figure 2.10). Subjects in an 
unpaired control receive the same number of CS and US presentations as experimental 
subjects who receive normal conditioning, but the presentations are arranged so that the 
CS and US never occur together. If pairing of a CS and US produces an association, then 
the experimental group should respond more; if responding is due simply to the com-
bined effects of receiving the CS and US separately, then responding in the two groups 
will be equal.
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Figure 2.10: Unpaired control procedure


The unpaired control procedure for classical conditioning. The CS and US are presented at widely 
separated time intervals.


Time


CS US CS           US      CS


The analysis we have been pursuing might seem rather technical—does the precise design 
of the control group really matter? And the short answer is yes. Suppose, for example, 
that a study reported that AIDS can be cured through a therapy based on conditioning. 
It would clearly be vital to know whether the treatment’s effectiveness was really due to 
conditioning, and this could be done only if the study included appropriate controls. Most 
applications of conditioning are not quite this dramatic, but we shall shortly encounter 
evidence that conditioning influences behaviors as fundamental as fear, sexual arousal, 
and craving for drugs. To evaluate this evidence, we must know whether the results are 
truly due to conditioning.


Selecting the right control group, however, is not easy. As discussed in Chapter 1, the partic-
ular control group we use depends on the explanation we are trying to evaluate, and as our 
knowledge of a phenomenon increases, our understanding of the processes involved inevi-
tably changes. In the case of classical conditioning, it did not occur to early researchers that 
presentations of the CS or US on their own could affect responding, and thus no one saw a 
need to control for these possibilities. And, as we shall see in Chapter 3, continuing changes 
in our understanding of conditioning eventually raised questions about the adequacy of 
the unpaired control. For the moment, though, we’ll take it for granted that the unpaired 
control serves as a useful tool for assessing whether conditioning has occurred. Armed with 
this tool, we can now return to the question of which specific behaviors can be conditioned.


2.4 What Behaviors Can Be Conditioned?
To provide some structure for our discussion, we will begin by examining relatively sim-
ple responses, and then turn to more complex responses such as emotions.


Autonomic and Skeletal Responses 
One way of categorizing responses is by the subsystem of the nervous system that con-
trols them. Two semi-independent systems are involved in transmitting impulses from 
the central nervous system to other parts of the body. The skeletal nervous system con-
trols striated muscles, so-called because their alternating bands of dark and light fibers 
give them a striated, or striped, appearance when examined under a microscope. Most 
of the muscles we think of when we hear the word “muscle”—biceps, triceps, deltoids, 
and so on—are actually striated muscles, whose function is to adjust the position of 
the body in space and in general cope with the external environment through bodily 
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movements. The bodily move-
ments controlled by the skeletal 
nervous system are called skel-
etal responses.


The autonomic nervous sys-
tem, on the other hand, controls 
the smooth muscles and glands, 
which are involved in regulation 
of the body’s internal environ-
ment. Smooth muscles, as you 
might imagine, have a uniform 
or smooth appearance under 
the microscope; they are respon-
sible for movements within the 
body. Rhythmic contractions of 
the smooth muscles lining the gullet, for example, are responsible for the movement of 
food from the mouth to the stomach (contractions known as peristalsis); glands secrete 
chemical substances such as adrenaline and saliva.


The skeletal nervous system is thus responsible for coping with the external environment 
through bodily movement, whereas the autonomic nervous system regulates the internal 
milieu. The bodily movements controlled by the skeletal nervous system are called skel-
etal responses; the glandular and smooth muscle activities controlled by the autonomic 
nervous system are called autonomic responses.


We have already encoun-
tered evidence that at least 
one response controlled by the 
autonomic nervous system can 
be conditioned: salivation. For 
many years, however, few psy-
chologists had the surgical skills 
possessed by physiologists such 
as Pavlov. Gradually, though, it 
became clear that a very wide 
range of autonomic responses 
can indeed be conditioned. We 
cannot cover all this research, 
but we will illustrate it with a 
few examples.


Arousal


When we encounter new or stressful situations, our bodies prepare for action through a 
complex set of responses known collectively as arousal. The adrenal gland secretes the 
hormone adrenaline, heart rate increases, blood pressure changes, and so on. One com-
ponent of arousal is perspiration, and we can measure this component by passing a very 
small electrical current through the skin and measuring the current that is transmitted. 


Human striated muscle seen under a microscope.


Smooth muscle tissue seen under a microscope.
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The skin’s conductivity defines 
the galvanic skin response, or 
GSR, which is simply a mea-
sure of perspiration: The more 
we perspire, the more readily 
our skin conducts an electric 
current. By measuring perspi-
ration, therefore, the GSR pro-
vides a simple index of a per-
son’s arousal. (The GSR is also 
sometimes referred to as the skin 
conductance response, or SCR).


Because it measures arousal, 
the GSR has been of consider-
able interest to psychologists. It 
can be used to assess concentra-
tion—the harder subjects con-
centrate, the more aroused they 
might become—and also the presence of emotions. The GSR is used as the main compo-
nent of polygraph, or lie detector, tests. Because people tend to become aroused when they 
are lying, by measuring the GSR, we can obtain indirect evidence about whether someone 
is lying. (It is important to emphasize, however, that polygraph tests are far from infal-
lible. The fact that someone becomes aroused when asked an incriminating question may 
indicate that they’re feeling embarrassed or frightened, not necessarily that they’re lying.)


The important point in the present context is that arousal, as measured by the GSR, is read-
ily conditioned. If a person receives a mild electric shock, for example, arousal occurs; if this 


shock is preceded by a tone, the 
tone will also acquire the capac-
ity to elicit the GSR. Champion 
and Jones (1961) have shown 
that this increase is genuinely the 
result of classical conditioning:  
If the tone and shock are pre-
sented separately, in an unpaired 
control group, the GSR to the 
tone does not increase.


Blood Sugar Levels 


A central concept in understand-
ing the activity of the autonomic 
nervous system is homeostasis, 
which refers to the tendency of 
an organism to maintain a stable 
environment within its body. 
For example, we need to main-
tain the body’s temperature at a 
constant level. Deviations either 


This new recruit at the FBI Academy in Quantico, Virginia, is 
undergoing a polygraph test, which will measure her honesty 
based on several physiological indices, including the galvanic 
skin response (GSR).


One way in which the body maintains stable levels of sugar in 
the blood is through the secretion of the hormone insulin. When 
blood sugar levels rise too high, the pancreas secretes insulin, 
which in turn signals other cells in the body to remove sugar 
from the blood. In diabetics, the pancreas does not produce 
enough insulin, so diabetics need to monitor their sugar levels 
and inject additional insulin when their bodies need it.
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up or down can have lethal consequences. In a similar way, our bodies act to maintain 
constant levels of water, energy, and so on.


Evidence now indicates that many of the autonomic activities that regulate our internal 
environment can be conditioned. One example involves the amount of glucose (a form of 
sugar) circulating in the blood. Siegel (1972) gave rats a number of injections of insulin, a 
hormone that decreases the level of glucose in the blood. Pavlov had hypothesized that 
the cues associated with the injection of a drug would act as conditioned stimuli, with the 
systemic effects of the drug then becoming conditioned to these cues. To test this hypoth-
esis, Siegel gave his subjects a test injection of saline, a neutral fluid that normally has no 
effect. The saline injection did indeed elicit a strong conditioned response, but it was an 
increase in blood glucose rather than the decrease produced by the insulin. Appropriate 
controls showed that this resulted from the pairing of the injection with insulin.


Why was the conditioned response the opposite of the unconditioned response in this 
case, when in every other example of classical conditioning we have encountered, the 
two responses were the same? The answer, according to Eikelboom and Stewart (1982), is 
that the conditioned and unconditioned responses in this situation are the same—it is just 
that we need to identify the unconditioned response correctly. When insulin is injected, it 
produces a fall in blood glucose below the optimal level; when the body senses this fall, it 
reacts by increasing glucose levels. It is this compensatory response that is conditioned; by 
taking compensatory action in advance of a disturbance, the body can minimize the devia-
tion from homeostatic levels (see also Ramsay & Woods, 1997, and Siegel and Allan, 1998).


Pain


Siegel (1975) also investigated whether the effects 
of morphine can be conditioned. Morphine is an 
extremely effective painkiller, or analgesic drug. 
With repeated administration, however, mor-
phine loses its potency, a phenomenon known as 
tolerance. The reason for this loss of potency, Sie-
gel suggested, was classical conditioning. As far 
as a person in pain is concerned, any reduction 
in pain is highly desirable, but from the body’s 
point of view, the morphine is interfering with the 
pain system that protects us by ensuring that we 
do react to harmful experiences by feeling pain. 
Thus, when an injection of morphine reduces 
pain, the body responds with an increased sen-
sitivity to pain, or hyperalgesia, to return sensi-
tivity to its appropriate, homeostatic level. Siegel 
hypothesized that this compensatory, hyperal-
gesic reaction would be conditioned to the cues 
of being injected. Every time the morphine was 
administered, the conditioned hyperalgesic 
response would become stronger, and this would 
explain why the morphine loses its effectiveness: 
The analgesic effect of the morphine is opposed 
by the conditioned hyperalgesic response.


Morphine and heroin are both derived 
from the poppy flower, and both are 
very effective in reducing pain. When 
morphine is injected repeatedly, it 
becomes less effective, a phenomenon 
known as tolerance.
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To test this hypothesis, Siegel gave rats a series of morphine injections. If a compensa-
tory reaction had been conditioned to the cues of being injected, then a test injection of 
saline should now cause an increase in the rats’ sensitivity to pain, rather than decreas-
ing it as morphine does. To measure pain sensitivity, Siegel used an ingeniously simple 
technique in which he placed the rats on a moderately hot metal plate and recorded the 
time until the rats licked their paws; the greater their pain sensitivity, the sooner they 
would lick their paws. Rats who had previously received morphine, he found, were 
more sensitive to pain following a saline test injection, and appropriate controls estab-
lished that this was the result of conditioning. (For comparable results in humans, see 
Flor et al., 2002.)


Siegel found that this compensatory reaction was conditioned not only to the injection but 
also to the room in which the injection was given: Pain sensitivity was greater in the room 
where morphine had been administered than in other rooms. This effect, moreover, can 
be very powerful. Tiffany, Maude-Griffin, and Drobes (1991) repeatedly injected rats with 
morphine in a distinctive environment. When they later tested pain sensitivity in that 
environment following an injection of morphine, they found that rats previously injected 
in that environment required six times as much morphine as control rats did to produce a 
set level of analgesia.


Siegel (2001) has suggested that the conditioning of compensatory reactions to environ-
mental cues could also explain drug overdoses. As implied by the very term “overdose,” 
it has long been assumed that such deaths are caused by addicts injecting a much larger 
amount of heroin than they normally use. Postmortems, however, have shown that levels 
of morphine in victims’ blood are generally no higher than in other addicts. Siegel there-
fore hypothesized that the main cause of these deaths might be the fact that heroin was 
taken in an unfamiliar setting. He suggested that heroin elicits compensatory reactions 
as the body tries to defend itself, and these reactions are conditioned to the environment 
in which the heroin is injected. If the addict then takes heroin in a new setting, the con-
ditioned compensatory reaction will be weaker and the effects of the heroin correspond-
ingly magnified.


To evaluate this hypothesis, Siegel (1984) interviewed individuals who had survived her-
oin overdoses, and he found that 70% had taken their heroin “overdose” in an unfamiliar 
setting. Additional evidence comes from a study by Siegel, Hinson, Krank, and McCully 
(1982), in which rats received daily injections of heroin to develop their tolerance and 
were then given a greatly increased dose. Of the rats given the overdose in the same envi-
ronment as earlier injections, 32% died. If the overdose was administered in a different 
environment, however, 64% of the subjects succumbed. When drugs are administered 
repeatedly, conditioned compensatory reactions seem to play a vital role in determining 
how they affect us.


Skeletal Responses
We have reviewed only a small sample of the autonomic responses that have been condi-
tioned. The full list is very long, and it now looks as if a high proportion of the behaviors 
controlled by the autonomic nervous system, perhaps even all of them, can be condi-
tioned. What, then, of skeletal responses? Can they also be conditioned? The answer is 
yes, but in this case the list is much smaller. The problem is that conditioning requires 
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an unconditioned stimulus capable of eliciting 
the desired behavior, and the number of skeletal 
responses that can be elicited in this reflexive way 
is relatively small (two such responses are the 
eyeblink and the kneejerk, or patellar reflex).


A particularly interesting example of a condi-
tioned skeletal response involving pigeons was 
discovered almost by accident during research 
into the effects of rewards. To study the effects of 
a reward on animal learning, it is typically nec-
essary first to train the animal to perform some 
desired response, and this is done by shaping—
first rewarding a response vaguely similar to the 
target behavior, then reinforcing a somewhat 
closer approximation of the behavior, and so on. In 
research involving pigeons, for example, the birds 
typically are trained in a test cage that has a circu-
lar plastic disk, or key, mounted on one of its walls. 
To train the birds to peck the key, the experimenter 
first gives the birds food whenever they face the 
wall containing the key, then whenever they move 
their heads slightly toward the key, and so on.


This process can be laborious and time-consum-
ing, and there was thus considerable interest 
when Brown and Jenkins (1968) announced the 
discovery of an automatic procedure for shaping 
key-pecking, which they called autoshaping. In 
this procedure, automatic programming equip-
ment performed the actual task of shaping the 


bird’s behavior. In effect, all the experimenter had to do was place the bird in the box. 
Roughly once a minute, the key was illuminated for eight seconds, at the end of which 
the bird was given access to food for four seconds. Within two sessions, all 36 birds tested 
were pecking the key when it was illuminated.


At first, autoshaping was seen largely as a convenient practical tool, but it eventually 
struck people that something very strange was going on. There was no need for the birds 
to peck; they received food at the end of every trial regardless of their behavior. Neverthe-
less, the birds all soon responded by pecking vigorously on every trial. Did the birds just 
like pecking lighted keys, or was it conceivable that the pecking behavior elicited by the 
food was being conditioned to the preceding key light?


Evidence for the conditioning interpretation was actually present in the original study, 
because Brown and Jenkins had included a condition in which the key light followed 
the food rather than preceding it. Only 2 out of 12 birds exposed to this condition began 
to peck the key. In other words, pigeons do not simply peck lighted keys; the response 
develops only when the key light and food are paired in the appropriate order. (See also 
Jenkins & Moore, 1973.)


Most of the behaviors that can be 
conditioned are autonomic, but it is 
also possible to condition some skeletal 
responses such as blinking. Another widely 
studied example is pecking in pigeons. 
When pigeons find food, they peck it; 
in autoshaping, the delivery of food is 
preceded by the illumination of a plastic 
key, and after several pairings the pigeons 
also begin to peck the key.
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Emotions
The skeletal and autonomic responses we have examined so far have all involved rela-
tively discrete, easily specified responses such as salivation, blinking, and perspiration. In 
some cases, however, the conditioned response appears to be a motivational state that can 
lead to any of a wide range of responses.


Hunger 


To illustrate the distinction 
between a specific response and 
a motivational state, consider the 
following experiment by Wein-
garten (1983). Seven hungry rats 
were exposed to repeated pair-
ings of a 4.5-minute tone (the 
CS) with the presentation of food 
(the US). Then, in a test phase, 
the rats were given continuous 
access to food so that they were 
completely full. Nevertheless, 
when the tone was again pre-
sented, they immediately began 
to eat, consuming approximately 
20% of their normal daily ration 
within a short period. A CS that 
had been paired with food, in other words, seemed to acquire the capacity to elicit hunger, 
so that the rats would eat whenever the CS was presented.


Similar effects have since been reported in research on humans. In one study, participants 
were exposed to their favorite snack foods for several minutes and then given an oppor-
tunity to eat. Participants’ self-reports of how hungry they felt more than doubled follow-
ing exposure to the snacks, and not surprisingly those who reported the greatest hunger 
also ate the most (Nederkoorn et al., 2004). You might have experienced a comparable 
phenomenon in passing a bakery, where the smell of freshly baked bread suddenly made 
you feel hungry. Simply seeing or smelling a favorite food seems to trigger an urge to eat, 
a general motivational state that can be satisfied by any of a wide range of specific behav-
iors, such as buying the bread or hurrying home to prepare a meal.


Conditioning also affects what foods we eat when we are hungry. We tend to assume that 
our food preferences are innate, and up to a point this is so—infants, for example, have 
an innate preference for sweet tastes over bitter ones. In some cases, though, the nutri-
tive properties of food are not signalled by obvious properties such as sweetness, and in 
these cases learning—and in particular, conditioning—seems to play an important role. 
For example, rats develop a preference for foods that are high in calories. In one experi-
ment, rats were given a liquid with a distinctive flavor and then, 30 minutes later, a meal. 
The greater the caloric value of the meal, the more the rats preferred that the preceding 
liquid flavor in a later choice test.


Conditioning plays an important role in when rats—and 
humans—begin to feel hungry.
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Conditioning also influences when we decide to stop eating. In one study, rats were trained 
to associate a distinctive stimulus with a high-calorie meal. They were then exposed to this 
stimulus while they were eating a test meal; the rats who received the stimulus stopped 
eating sooner. The stimulus apparently elicited the sensations associated with a rich meal, 
thereby reducing the rats’ hunger. Conditioning thus seems to affect every aspect of our eat-
ing, from initiation to termination. (For reviews, see Rozin & Zellner, 1985; Capaldi, 1996.)


Sexual Arousal


Many experiments have demonstrated the conditioning of sexual behavior in animals, 
and this research eventually led to attempts to see if sexual arousal could also be condi-
tioned in humans. In one early experiment, Rachman and Hodgson (1968) recruited seven 
males to serve as subjects. The unconditioned stimuli used to produce sexual arousal were 
40 slides of nude women. Each slide was preceded by a CS, a picture of knee-length, 
black, fur-lined boots. The picture of the boots was projected for 30 seconds, followed 


by 10 seconds of one of the nude 
slides. To assess sexual arousal, 
penile erection was measured 
by means of a rubber tube 
whose stretching could be mon-
itored by an automatic record-
ing system.


Initially, none of the subjects 
showed any sign of arousal to 
the boots. After only 30 pairings, 
however, strong arousal had 
been conditioned in five of the 
seven subjects, with an erection 
occurring every time the boots 
were presented. This response, 
moreover, generalized to simi-
lar stimuli: Three of the subjects 
also became aroused to brown 


fur boots and two to high-heeled black shoes. At the conclusion of the experiment, you 
may be relieved to hear, sexual arousal was extinguished by repeatedly presenting the 
boots by themselves.


Subsequent studies have confirmed these findings. Hoffman, Janssen, and Turner (2004) 
showed that sexual arousal can be conditioned in females as well as males, and also raised 
the intriguing possibility that such conditioning can occur without a person’s awareness. 
The CS was a photograph of the abdomen of a member of the opposite sex, and the US was 
a 30-second excerpt from an erotic movie. To ensure that participants would not be aware 
of the CS, it was presented for only 30 milliseconds (ms), a period too short for conscious 
detection. These brief presentations did seem to prevent awareness—when interviewed 
later, none of the participants reported having seen the CS. Despite this, over the span of 
the trials there was a significant increase in sexual arousal when the CS was presented in 
the conditioning group; no such increase occurred in an unpaired control.


Our knowledge of how sexual attraction develops is still very 
limited; some Freudian theorists speculate that boys may look 
for future mates who resemble their mothers.
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Very few studies have been conducted in this area, and we thus need to treat the evidence 
regarding the conditioning of sexual arousal with some caution. Still, the research that 
has been done may help explain the development of abnormal sexual behaviors such 
as fetishes. We don’t know whether all fetishes develop through classical conditioning, 
but it is possible that classical conditioning influences what stimuli we find arousing. 
Freud believed that boys develop sexual attachments to their mothers; is it possible that 
a mother’s appearance influences the type of women boys will later find attractive? We 
don’t know; perhaps future research will tell us.


Cravings for Drugs


Further evidence for the conditioning of motivational states has come from research on 
addictive drugs. For many years, anecdotal evidence suggested that stimuli that are asso-
ciated with the consumption of drugs can arouse intense cravings for these substances. 
Cigarette smokers, for example, often report a 
strong desire to smoke on returning to locations 
where they typically smoke, and similar effects 
have been reported in heroin and cocaine users.


In one study by Droungas, Ehrman, Childress, 
and O’Brien (1995), cigarette smokers were 
shown either a videotape during which partici-
pants smoked, a nature documentary, or a film 
on industrial safety that included material on 
distressing accidents. At the conclusion of each 
session, they were asked to rate their moods, and 
they were then taken to a waiting room where 
they were given an opportunity to smoke while 
they believed themselves to be unobserved. Sub-
jects reported a significantly stronger desire to 
smoke after seeing the smoking video, and when 
given an opportunity, they began smoking much 
sooner. (For related effects involving alcohol, see 
Collins & Brandon, 2002.)


Bonson et al. (2002) studied cravings for cocaine 
in a laboratory setting. In one session, cocaine 
addicts were shown a videotape of other addicts 
taking cocaine, together with items used in taking 
cocaine, such as a crack pipe and a razor blade. In a second, control session, the addicts 
saw a videotape about art, together with items such as a paintbrush and paper. At the end 
of each session, they were asked to rate their craving for cocaine on a scale from 1 to 10, 
where 1 represented no craving and 10 an extreme craving. The average rating at the end 
of the control session was 1.4; at the end of the cocaine-cue session it was 5.1. Seeing cues 
associated with drug use clearly had a substantial impact on craving.


This magazine ad from the 1930s, 
promoting the supposedly healthy effects 
of cigarette smoking, shows just how 
much societal ideas about smoking have 
changed. Still, the ad’s ability to make a 
smoker crave a cigarette is one thing that 
probably hasn’t changed.
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Aversions 
Just as stimuli associated with attractive outcomes can motivate behavior to obtain these 
outcomes, stimuli associated with harmful outcomes can arouse motives directed toward 
avoiding these outcomes.


Fear 


One example is fear. If a child is bitten by a dog, for example, encountering that dog again 
will likely arouse intense fear, which will then produce a variety of escape behaviors (such 
as running away from the feared object).


In spite of Watson and Rayner ’s early classical conditioning experiment with Little Albert, 
research involving the conditioning of fear reactions in humans is difficult to pursue for 
obvious ethical and legal reasons, and most subsequent research has been carried out 
with rats. To measure fear, these studies used a technique developed by Estes and Skin-
ner (1941) called the conditioned emotional response (CER) procedure. The first step 
is to train the rats to press a bar to obtain food. At first, the rats receive a pellet of food 


for every press, but the propor-
tion of responses that produce 
food is gradually reduced, until 
eventually the rats will press the 
bar repeatedly, without paus-
ing, for long periods. At this 
point, the experimenters can 
present the conditioned stimu-
lus that they want to test. When 
rats in a confined space are 
frightened, they tend to freeze, 
with the result that they are less 
likely to press the bar. By count-
ing the number of bar-presses 
made in the presence of the test 
stimulus, therefore, we obtain a 
simple and objective measure of 
the rats’ fear.


In practice, this simple measure is converted into a useful statistical index known as a sup-
pression ratio. If a tone is presented for three minutes, for example, we count the number 
of bar-presses that occur not only during the tone (B) but also during the preceding three 
minutes (A). The suppression ratio is then defined as


 B
suppression ratio =     
 A + B


If a coyote had been threatened by humans in a particular 
location, he might associate danger with that location and 
learn to avoid going back there in the future.
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Suppose, for example, that a rat responded 50 times during the period before the tone 
was presented (period A). If the tone were not frightening, the rat would have no reason 
to freeze and thus would continue to respond at roughly the same rate in its presence, so 
that it would also respond 50 times during period B. The suppression ratio would thus be


 B 50
    =      = 0.5
 A + B 50 + 50


If, on the other hand, the tone elicited intense fear, the rat would freeze for as long as the 
tone was on, yielding a suppression ratio of


 B 0
    =     = 0
 A + B 50 + 0


We thus have a somewhat unusual measure in which a lower score represents greater fear, 
with 0 representing the maximum level of measurable fear and 0.50 representing no fear.


Using the CER as a measure, many experiments have demonstrated that fear does become 
conditioned to stimuli that precede aversive events. To cite just one example, Annau and 
Kamin (1961) trained rats to press a bar to earn food, and then occasionally presented 
a three-minute noise (the CS) followed by an electric shock (the US). The question was 
whether the rats would be conditioned to show fear at the presentation of the noise. Dif-
ferent groups received shock intensities varying from 0.28 to 2.91 milliamps. Figure 2.11 
shows the suppression ratios for the different groups on successive conditioning trials.
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Figure 2.11: Conditioned emotional response (CER)


Acquisition of a conditioned emotional response (CER) over 10 days. Different groups received electrical 
shocks ranging in intensity from 0.28 milliamps to 2.91 milliamps.
Source: Annau & Kamin, 1961.
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The first time the noise was presented, on day 1, it produced no fear in any of the groups 
(a suppression ratio of 0.50). In the group that received a very mild shock (0.28 volts), 
this remained the case on subsequent days: Presentation of the noise had no effect on bar 
pressing, and the suppression ratio remained at 0.50. For subjects receiving a more intense 
shock of 0.49 milliamps, responding was reduced by the noise, leading to a sharp fall in 
the suppression ratio. As training continued, however, the noise began to have less effect, 
and the suppression ratio began to increase. A noise paired with a mild shock, in other 
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words, did induce fear at first, but with continued exposure subjects seemed to adapt 
to the shock and find it less frightening. Finally, when more severe shocks were used, a 
single conditioning trial was sufficient to suppress responding almost totally (the sup-
pression ratio on trial 2 was close to 0), and it remained suppressed on subsequent trials. 
These results suggest that more intense shocks produce stronger conditioning of fear, and 
that this fear is more likely to endure.


Taste-Aversion Learning


Another situation in which negative states become conditioned involves illness. If you 
have ever had the experience of becoming ill after eating contaminated food, for example, 
you might have found that the nausea you experienced became associated with the food, 
so that tasting or even smelling that food in the future was enough to make you feel ill.


In one of the first experimental demonstrations of such taste-aversion learning, Gar-
cia and Koelling (1966) began by offering rats a choice between two water bottles, one 
containing normal water and the other a water solution with a distinctive flavor. Once 
they had established that the rats had no preference between the two, they ran a condi-
tioning phase in which the rats were allowed to drink the flavored water for 20 minutes 
and then were exposed to X rays that would make them ill. After the rats had recov-
ered, Garcia and Koelling again offered them a choice between the two solutions. They 
found that the rats were still willing to drink the normal water, but consumption of the 
flavored water that had been followed by illness was substantially reduced. It appeared 
that the aversive properties of illness had been conditioned to the taste that preceded 
it. (See the discussion of the adaptive value of preparedness in Chapter 3 for a fuller 
account of this study.)


In the Garcia and Koelling study, no direct measure of the conditioned response was avail-
able; the experimenters could only infer that the flavored water made the rats feel ill from 
the fact that they refused to drink it. In some subsequent studies, however, this assumption 
has been confirmed more directly. In one dramatic study by Gustavson, Garcia, Hankins, 
and Rusiniak (1974), coyotes were made ill after they were given poisoned meat to eat; 
the next time they were offered this meat, they all avoided it and some actually vomited.


These results suggest that the taste of the meat elicited a conditioned state of nausea. 
Moreover, other results suggest that tastes that are paired with illness can themselves 
become repugnant. In a survey by Logue, Ophir, and Strauss (1981), 65% of the college 
students interviewed reported at least one aversion to a food that had been acquired 
through association with illness, and of this subgroup 83% reported that the food tasted 
aversive. (See also Berridge, 2000.) Interestingly, many reported disliking this taste even 
though they knew that their illness had actually been caused by something else, such as 
the flu. Such results suggest that classical conditioning may not be a conscious or rational 
process: Even if we are confident that a CS will no longer be followed by a US—that eat-
ing a certain food will not make us ill, or that new techniques mean that going to a dentist 
will not be painful—the CS might still elicit feelings of fear or nausea. We will discuss this 
possibility further in Chapter 3.


One particularly unfortunate situation in which taste-aversion learning is now thought to 
play a role is chemotherapy. Many cancer patients who receive chemotherapy lose weight, 


lie6674X_02_c02_037-086.indd   72 3/14/12   4:20 PM








CHAPTER 2Section 2.4 What Behaviors Can Be Conditioned?


and it was generally assumed that this weight loss reflected a direct effect on metabolic 
processes. Bernstein (1978), however, suggested that at least part of this weight loss might 
be due to classical conditioning. Perhaps, she suggested, the foods eaten before each treat-
ment become aversive through conditioning. As treatment continues, and more and more 
foods are followed by illness, a patient’s normal diet may increasingly elicit feelings of 
nausea, leading to the observed reduction in the amount eaten.


To test this hypothesis, Bernstein gave a group of cancer patients a distinctively flavored 
ice cream to eat one hour before undergoing chemotherapy. As predicted, they developed 
an aversion to this flavor. These results suggest that at least some of the weight loss caused 
by chemotherapy could be due to taste-aversion learning (see also Jacobsen et al., 1993, 
and Schafe & Bernstein, 1996). If so, it may prove possible to reduce this harmful effect 
in the future by applying conditioning principles—for example, by having patients eat a 
special diet before treatment sessions, so that conditioning will occur to this food rather 
than to the normal diet. (See Stockhorst et al., 1998, for a successful application.)


Evaluative Conditioning
One interesting aspect of taste-aversion 
learning is that it does not simply result 
in the taste eliciting nausea, it also seems 
to alter perceptions of the taste itself. 
Coyotes react with seeming repugnance 
to the taste of a food previously paired 
with illness, spitting it out. People report 
that such tastes become repulsive, so that 
even if they know that a food didn’t really 
make them ill, they still can’t stand its 
taste. Might this be a more general phe-
nomenon? Could it be that whenever a US 
elicits emotional responses, these feelings 
become conditioned to the stimuli that 
are present? Or, put another way, is the 
CS simply a signal that the US is coming, 
or does conditioning change our feelings 
about the CS itself?


Evidence that conditioning really does 
change our feelings about the CS comes 
from evaluative conditioning, a phe-
nomenon in which the hedonic value of the 
US—the extent to which it causes us pleasure or pain—becomes transferred to stimuli 
that precede it. In one of the first studies of this phenomenon, Razran (1938) showed 
people photographs of female college students and asked them to evaluate each wom-
an’s beauty, intelligence, and likeability. Two weeks later, participants were shown some 
of the photographs again, but this time while eating a free lunch (see also Razran, 1954). 
Finally, several hours later they were asked to evaluate the photographs again. The sur-
prising result was that the women who had been seen while the judges were eating were 
rated as significantly more likeable and attractive.


American political advertisements often have 
a picture of the flag juxtaposed with one of the 
candidate. Could this be an attempt at evaluative 
conditioning, hoping that the patriotic feelings 
elicited by the flag will be transferred to the 
candidate?
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Although this result provides gratifying support for one bit of folk wisdom—the way to 
a man’s heart really is through his stomach—it is also perplexing. Surely we shouldn’t 
judge people by whether we happen to be eating when we meet them? This outcome 
becomes more comprehensible, though, if we think of it as part of a more general ten-
dency to seek out situations in which we experience pleasure and avoid situations in 
which we experience pain. If you suffer in a certain environment, for example, it makes 
sense that you should try to avoid that environment in the future. In this sense, evaluative 
conditioning can be seen as just one more example of the conditioning of emotions; what 
it adds to earlier research is the suggestion that conditioning can result not just in elicita-
tion of an emotion—feeling excited or fearful about some forthcoming event—but also in 
a change to our feelings about the CS itself.


One area in which evaluative conditioning may play an important role is food prefer-
ences. In a study by Capaldi and Privitera (2008), for example, young children who were 
given grapefruit juice sweetened with sucrose developed an enhanced liking for the taste 
of grapefruit, even when it was presented in the absence of the sucrose. Similar effects 
have been reported with odors, as pairing of an odor with sucrose increases people’s lik-
ing of that odor (Yeomans & Mobini, 2006). Evaluative conditioning of this kind may play 
an important role in directing us to foods that are nutritious.


Another, perhaps more surprising, area where evaluative conditioning may be important 
is political attitudes. We all tend to think of ourselves as rational, and thus we take it for 
granted that our political attitudes are grounded in careful and rational analysis of the 
candidates and their platforms. Candidates, though, clearly view us as less rational than 
we like to think, and it is for this reason that American flags are prominently displayed in 
campaign rallies and advertisements. Candidates clearly hope that our positive feelings 
about the flag will be subtly transferred to them.


And there is evidence that they are right. One example we have already encountered was 
the study by Hassin et al. (2009), discussed in Chapter 1, in which they showed Israeli citi-
zens pictures of the Israeli flag while they were answering questions about their political 
attitudes. Even though the pictures were presented only very briefly, so that participants 
had no awareness of them, these subliminal presentations had a powerful effect on atti-
tudes. And remarkably, these very brief exposures—only 16 thousandths of a second—
affected how participants voted in an Israeli election held one week later. A subsequent 
study carried out in the United States revealed similar effects, as subliminal exposure to 
the American flag increased support for John McCain and decreased support for Barack 
Obama. (See Fazio & Olson, 2003, and Crano & Prislin, 2006, for further discussion.) We 
cannot be sure why exposure to the flag favored McCain rather than Obama—perhaps 
when voters focused on patriotism, McCain’s military background and heroism swayed 
them toward him—but these results suggest that evaluative conditioning—the mere conti-
guity of one stimulus with another—can powerfully influence our liking for that stimulus.


2.5 Conditioning and the Brain
As discussed earlier in the chapter, Pavlov explained conditioning by suggesting that 
when two centers in the brain are activated simultaneously, the pathway connecting them 
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is strengthened. Since then, a great deal of research has investigated exactly how this 
might occur, and in this section we will review some of what we now know about how the 
brain works, specifically about the process by which new connections are formed.


The Neural Basis of Behavior
We now know that all of our behavior—our movements, our emotions, even our 
thoughts—are controlled by activity in the cells that we call neurons. 


Consider Descartes’s example 
of a man pulling his foot out 
of the fire. He was right to pro-
pose that a sense in the foot will 
detect heat and that this sense 
is connected through a nerve to 
the muscles that will withdraw 
the foot. However, the proper-
ties of this nerve are rather dif-
ferent than those he imagined. 
Far from being hollow tubes 
that carry animal spirits, nerves 
are composed of neurons that 
are specialized to carry electri-
cal signals.


Figure 2.12 shows a schematic 
representation of a typical neuron. It has a set of branching tendrils, called dendrites, that 
receive information from other neurons; a cell body; a long section called an axon; and, 
at the end of the axon, a set of terminals that make contact with the dendrites of other 
neurons. A neuron can be thought of as a battery that produces electrical energy, together 
with a wire (the axon) that carries this energy somewhere else. The cell body is, in effect, 
the battery that produces an electrical signal; this signal is then conveyed along the axon 
until it reaches another neuron.


Neurons seen under the microscope.
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Figure 2.12: Neuron


Schematic representation of a typical neuron.
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dendrites


As shown in Figure 2.13, there is a very small space called the synaptic cleft between the 
terminals of one neuron and the dendrites of another. When the electrical signal arrives at 
the terminals of the first neuron, it causes the release of chemicals called neurotransmit-
ters, which are stored in structures called vesicles. The neurotransmitters move across the 
synaptic cleft to the second neuron, where their arrival stimulates that neuron to produce 
an electrical signal, and so on.
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Figure 2.13: Synaptic cleft


Illustration of the synaptic cleft between the axon terminal of one neuron and the dendrite of a second 
neuron.
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dendrite


Returning to the previous example, the fire would stimulate a sensory receptor in the skin, 
inducing electrical activity in a sensory neuron with a very long axon, and it would carry 
an electrical signal from the foot to the spinal cord. The signal would then be transmit-
ted through an interneuron in the cord to a motor neuron, which would then convey the 
signal to a muscle in the calf. The arrival of the impulse would trigger electrical activity 
in the muscle, causing it to contract, thereby pulling the foot out of the fire. This account 
is oversimplified in that postural reflexes actually involve the integrated activity of many 
muscles: Raising a leg requires compensatory adjustments elsewhere to ensure that the 
body does not fall over! Nevertheless, there really are simple reflexes in which only three 
neurons—a sensory neuron, an interneuron, and a motor neuron—combine to produce a 
reflexive response. Indeed, there are even simpler reflexes involving only a direct connec-
tion between a sensory and a motor neuron.


What about voluntary behavior? Suppose a doctor asked you to raise your foot during an 
exam. How would you do it? Voluntary movements of this kind involve the brain, which 
is a massive collection of neurons—approximately 100 billion—organized into complex 
subsystems. Different sections of the brain are specialized to carry out different functions: 
One system deals with vision, another controls eating, a third is responsible for language, 
and so on. Higher cognitive functions such as thought and language are largely concen-
trated in the outer layer of the brain called the cerebral cortex. If the cortex is damaged or 
anesthetized, we generally lose conscious awareness. Conversely, as discussed in Chapter 
1, electrical stimulation of the cortex can produce conscious experiences. As discussed in 
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Chapter 1, Penfield (1958) found that if he stimulated certain areas of the cortex with very 
small electrical currents, his patients would report experiences such as hearing someone 
call their names or standing on a railway platform waiting for a train.


Returning to our foot-raising example, the doctor’s words would trigger receptors in your 
ear, which would transform the sounds into a series of electrical impulses that would 
then be conveyed to the auditory area of the brain. This region, as most others, consists 
of an almost unimaginably dense web of interconnected neurons; a single neuron within 
the cortex may receive inputs from as many as 50,000 other neurons. Eventually, a set of 
signals would be conveyed to the motor cortex, and from there to the spinal cord and then 
to the leg muscles. Thus, in contrast to reflexes, which can involve just a single connection 
between a sensory and a motor neuron, more complex activities such as language and 
voluntary movement can involve the transmission of electrical signals within a network 
of many millions of neurons.


The Neural Basis of Learning
The picture of the brain we have painted so far might seem to suggest that our reactions 
to a situation should always be the same because the sensory input the situation produces 
would always be routed through the same neurons to the same muscles. But this does not 
happen, because the connections between neurons in the brain are not fixed: The strength 
of these connections can be altered by experience.


Moving at a Snail’s Pace 


As to how these connections are altered—what is now called synaptic plasticity—one 
important source of information has come from studies of a marine slug called Aplysia. 
Compared to mammals, the brain of this snail-like animal is remarkably simple, with only 
about 20,000 neurons. This simpler structure made it much easier for scientists to figure 
out the function of each neuron, and then to investigate how connections between these 
neurons were modified. This 
research was largely the work of 
Eric Kandel and his colleagues, 
and it led to his receiving the 
Nobel Prize in 2000.


Long-Term Potentiation


Building on Kandel’s work, other 
researchers developed tech-
niques that enabled the explo-
ration of mechanisms of plastic-
ity in mammalian brains. One 
crucial breakthrough came with 
the discovery of a phenomenon 
called long-term potentiation, 
or LTP. Bliss and Lømo (1973) 
discovered that the connection 


Aplysia californica is a species of large sea slug found mainly  
in the waters of the northeast Pacific; it has played a pivotal 
role in helping scientists understand the mechanisms of 
synaptic plasticity
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between two neurons can be strengthened if a powerful electrical signal is sent down 
the first neuron. The researchers inserted a stimulating electrode in the first neuron and 
a recording electrode in the second. When they stimulated the first neuron with a rapid 
series of pulses, the connection between the two neurons was strengthened, so that pre-
senting a single pulse in the first neuron was more likely to trigger activity in the second. 
This strengthening, or potentiation, of the connection lasted for many hours, hence the 
term long-term potentiation.


Subsequent research showed that LTP has some intriguing similarities to classical con-
ditioning. Consider a situation in which one neuron—call it the UR, or target, neuron—
receives inputs from two other neurons. Suppose that one of the input neurons is strongly 
connected to the target neuron, so that whenever the input neuron fires, so too does the 
target neuron; we will call this input neuron the US neuron (see Figure 2.14). And suppose 
that the other input neuron has only a weak connection to the UR neuron, so that it does 
not trigger firing; we will call this input neuron the CS neuron.


As we’ve already seen, transmission of a strong signal down the US neuron would strengthen 
its connection with the UR neuron. This signal, however, would affect only the US–UR con-
nection; the CS–UR connection would remain weak. If, however, a weak signal were trans-
mitted down the CS neuron at the same time that the strong signal was sent down the US 
neuron, then the CS connection would also be strengthened. As in classical conditioning, if 
a CS neuron is active at the same time as a US neuron, the CS connection is strengthened.


Synaptic Plasticity


How is plasticity achieved? There seem to be two main ways in which a connection 
between two neurons can be strengthened: 1) an increase in the ability of the first neu-
ron to produce neurotransmitters, or 2) an increase in the ability of the second neuron to 
detect those neurotransmitters. Both processes involve intricately orchestrated sequences 
of chemical reactions within the cells. We cannot cover the richness and complexity of 
those processes here; suffice it to say that when the neurotransmitters released by the US 
neuron reach the adjacent A receptors (as shown in step 1 of Figure 2.15), they initiate 
chemical reactions within the neuron, which then stimulates the B receptors (step 2). If 
these chemicals arrive at a B receptor when this receptor is also receiving neurotransmit-
ters from outside the cell, the combined input initiates a further chemical sequence (step 3) 


Figure 2.14: Strengthening of a neural connection


Two neurons, labeled CS and US, provide inputs to a third neuron, labeled UR.
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UR


neurotransmitters
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that will permanently increase the sensitivity of A receptors that were recently active. The 
next time the CS terminal releases neurotransmitters, therefore, they will be more likely 
to stimulate the adjacent A receptors and thus cause the UR neuron to fire (for a fuller 
account of the processes underlying neural plasticity, see Albright, Jessell, Kandel, and 
Posner, 2000 and LeDoux, 2002).


One important reason for the complexity of this sequence is that in order for conditioning 
to occur, we don’t want sensitivity to increase when a CS is presented by itself, but only 
when a CS and a US occur together. It is vital, in other words, that the synaptic connection 
be strengthened only when a CS and a US are presented. And though it is probably not 
obvious, that is what the arrangement we have described achieves. If a CS is presented by 
itself, it will not cause the UR neuron to fire, and therefore it will not stimulate receptor B. 
This receptor will be activated only if neurotransmitters from the CS arrive when the cell 
has already been strongly stimulated, by the US neuron; only this combination of CS and 
US inputs will initiate the changes that alter synaptic strength.


Thus, learning depends on changes in the synaptic connections between cells. And, in the 
case of classical conditioning, this requires simultaneous input from neurons representing 


Figure 2.15: Neural connections during classical conditioning


The dendrites of the UR neuron are covered in receptors; the figure shows two types, which we have 
labeled A and B. When neurotransmitters released by the US neuron reach the adjacent A receptors 
(step 1), they initiate chemical reactions within the neuron, which then stimulates the B receptors 
(step 2). If these chemicals arrive at a B receptor when this receptor is also receiving neurotransmitters 
from outside the cell, then the combined input initiates a further chemical sequence (step 3) that will 
permanently increase the sensitivity of A receptors that were recently active. The next time the CS 
terminal releases neurotransmitters, therefore, they will be more likely to stimulate the adjacent A 
receptors and thus cause the UR neuron to fire.
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the CS and the US. Pavlov didn’t know the neurochemical details, but his notion that con-
nections between neural centers are strengthened when the centers are simultaneously 
active turns out to be very close to the truth.


Summary and Review


•	 The	British	Associationists	proposed	that	the	crucial	process	underlying	human	
thought is the formation of associations between ideas.


•	 Pavlov’s	research	involved	exposing	dogs	to	pairings	of	a	tone	with	food.	The	
amount of salivation to the tone indicated the strength of the association, thereby 
providing an objective technique for tracking the formation of associations.


•	 Classical	conditioning	is	defined	as	a	change	in	behavior	that	results	when	one	
stimulus (the conditioned stimulus, or CS) is paired with a stimulus that reliably 
elicits a response (the unconditioned stimulus, or US).


•	 Control	groups	in	which	the	CS	and	US	are	presented	separately	(unpaired)	are	
used to ensure that any change in behavior is due to the pairing of these stimuli, 
rather than to processes such as sensitization and pseudoconditioning.


•	 Virtually	all	behaviors	that	can	be	elicited	by	an	unconditioned	stimulus	can	be	
conditioned, including autonomic responses such as those regulating arousal, 
blood sugar, and pain.


•	 Conditioning	also	affects	emotions;	examples	include	hunger,	fear,	sexual	arousal,	
and cravings for drugs. There is also evidence that conditioning can affect our 
feelings about the CS itself, a phenomenon called evaluative conditioning.


•	 Pavlov	found	that	a	conditioned	response	could	be	weakened	or	extinguished	by	
presenting the conditioned stimulus on its own. Extinction is due to the forma-
tion of a new, inhibitory connection between the CS and US.


•	 Among	the	other	phenomena	discovered	by	Pavlov	were	second-order	condi-
tioning, counterconditioning, generalization, and discrimination.


•	 Behavior	is	controlled	by	the	transmission	of	electrical	impulses	through	neu-
rons. One neuron stimulates another by releasing neurotransmitters, and the 
strength of the connection between them can be altered by increasing the sensi-
tivity of the second neuron to the neurotransmitters released by the first.


Review Questions


 1. Why did Pavlov’s research attract so much attention?
 2. What were the laws of association according to the British Associationists?
 3. Why did Pavlov attribute extinction to an inhibitory process? What evidence 


supports his interpretation?
 4. What is an unpaired control group? Why is it necessary?
 5. What autonomic and skeletal behaviors can be classically conditioned? Why is 


the CR sometimes different from the UR?
 6. What is the difference between an overt response and a motivational state? 


What evidence suggests that motivational or emotional states can be classically 
conditioned?


 7. When drug addicts are undergoing treatment for their habits, talking about 
drugs in a therapy group will sometimes elicit withdrawal symptoms. How 
could this behavior be explained by classical conditioning? (Hint: What does 
homeostasis suggest should happen when a drug is administered?)
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 8. Describe the CER procedure and the use of suppression ratios to measure fear.
 9. What evidence suggests that a taste paired with illness will itself become aversive?
 10. Pavlov believed that learning is “nothing more than the result of an establish-


ment of new nervous connections.” Is this consistent with what we know about 
how the brain works?


 11. How does the pairing of a CS and a US lead to a change in synaptic connections 
within the brain? Why does this process involve such a complex chain of reactions?


Concept Check


1. Pavlov believed that how much his dogs salivated to a tone provided a measure of


 a. the strength of a neural connection.
 b. arousal.
 c. innate reflexes.
 d. hunger.


2. Salivation in response to food in the mouth is


 a. a conditioned stimulus.
 b. an unconditioned stimulus.
 c a conditioned response.
 d. an unconditioned response.


3. Pavlov attributed extinction to


 a. spontaneous recovery.
 b. forgetting.
 c. inhibition.
 d. counterconditioning.


4. An increase in responding to a CS due to repeated presentations of the CS by 
itself is called


 a. sensitization.
 b. pseudoconditioning.
 c. habituation.
 d. desensitization.


5. The body acts to maintain a stable internal environment. This is known as


 a. metamorphosis.
 b. homeostasis.
 c. catalysis.
 d. stabilization.


Answers: 1) a, 2) d, 3) c, 4) a, 5) b
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Key Terms


arousal A state wherein the body pre-
pares for action in response to a new or 
stressful situation. The adrenal gland 
secretes the hormone adrenaline, heart 
rate increases, blood pressure changes, 
and perspiration occurs.


autonomic nervous system That part of 
the central nervous system that controls the 
activities of smooth muscles and glands.


autonomic responses The glandular and 
smooth muscle activities controlled by the 
autonomic nervous system.


autoshaping An automated procedure for 
training birds to peck a key by lighting the 
key immediately before a reward such as 
food is given.


axon The long section of a neuron that 
serves as a wire carrying an electrical sig-
nal away from the neuron’s cell body.


cerebral cortex The outer layer of the 
brain, responsible for higher cognitive 
functions such as thought and language.


classical conditioning The form of con-
ditioning first demonstrated by Pavlov, 
involving pairing a conditioned stimulus 
(CS) with an unconditioned stimulus (US) 
to create an increased response to the con-
ditioned stimulus.


conditioned emotional response (CER)  
A procedure for measuring fear in which a 
stimulus thought to elicit fear is presented 
while rats are pressing a bar to obtain food. 
Frightened rats freeze, so a reduction in bar 
pressing can be used as a measure of fear.


conditioned inhibition A tendency for a 
stimulus to inhibit, or block, the response 
normally elicited by a CS.


conditioned response (CR) The response 
to a conditioned stimulus caused by pair-
ings of the CS with a US.


conditioned stimulus (CS) A stimulus 
that, through pairing with an uncondi-
tioned stimulus, elicits a response.


contiguity Contiguity refers to closeness. 
In classical conditioning, the temporal 
contiguity of the CS and US—their close-
ness in time—is an important determinant 
of conditioning.


counterconditioning A technique for elimi-
nating a conditioned response that involves 
pairing a CS with another US to condition a 
new response. If the new response is incom-
patible with the old response, so that only 
one response can occur at a time, then the 
new response can replace the old one.


dendrites A neuron’s branching tendrils, 
which act to receive information from 
other neurons.


discrimination Differential responding to 
two stimuli. In classical conditioning, this 
can be achieved by discrimination training, 
in which one stimulus (CS+) is followed by 
a US but the second stimulus (CS−) is not. 


evaluative conditioning A change in the 
attractiveness of a stimulus produced by 
pairing it with another stimulus. Our posi-
tive or negative feelings about the second 
stimulus are transferred to the stimulus 
that accompanies it.


extinction In classical conditioning, the 
weakening of a previously conditioned 
response when the CS is presented by itself.
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fistula A surgically implanted tube that 
connects an internal bodily organ to the 
outside. Pavlov used a fistula to allow him 
to monitor how much saliva his dogs were 
producing.


frequency The principle that the more 
often two events occur together, the more 
strongly they will be associated.


galvanic skin response (GSR) A measure 
of arousal in which electrodes are placed 
on the skin, and an electrical current is 
passed between them. The greater a per-
son’s arousal, the more he or she perspires, 
and thus the stronger the current that will 
be conducted. Also known as the skin con-
ductance response (SCR).


generalization Responding to a stimu-
lus because of training involving another 
stimulus. The strength of responding 
usually depends on the similarity of the 
two stimuli—the greater the similarity, the 
greater the generalization.


homeostasis The tendency of an organism 
to maintain a stable internal environment 
within its body.


hyperalgesia An increased sensitivity to 
pain.


interneuron Neuron that processes signals 
from sensory neurons and relays those 
signals to motor neurons.


long-term potentiation (LTP) A long-term 
strengthening of the connection between 
two neurons resulting from stimulating 
them simultaneously.


motor neuron Neuron that controls the 
muscles.


neuron A type of cell that processes and 
relays information through electrical and 
chemical signals.


neurotransmitter A chemical released 
by a neuron when an electrical impulse 
arrives at its terminal. The chemical moves 
across the synaptic gap to a second neuron, 
where its arrival makes that second neu-
ron more likely to fire (initiate an electrical 
impulse of its own).


pseudoconditioning An increase in 
responding to a CS caused by presenta-
tions of a US by itself.


second-order conditioning Learning that 
takes place as a result of pairing a stimulus 
with a previously conditioned stimulus.


sensory neuron Neuron that takes in 
sensory input from the environment and 
converts it into electrical impulses that are 
then transmitted to other neurons.


shaping Training an animal to perform 
a desired response, by first rewarding 
a response vaguely similar to the target 
behavior, then reinforcing a somewhat 
closer approximation of the behavior, and 
so on.


skeletal nervous system That part of the 
central nervous system that controls stri-
ated muscles, the muscles responsible for 
moving our bodies through space.


skeletal responses Bodily movements 
controlled by the skeletal nervous system.


spontaneous recovery An increase in the 
strength of an extinguished response after 
a period following the last extinction trial. 
suppression ratio A measure of the sup-
pression of responding that occurs when 
a stimulus is presented during a CER test. 
The formula for a suppression ration is  
B/(A + B), where B is the number of 
responses made during the test stimulus 
and A is the number of responses made 
during an equivalent period immediately 
before the stimulus is presented.
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synaptic cleft The small gap between 
connected neurons. Neurotransmitters 
released by the first neuron move across 
this gap and increase the level of activity in 
the second neuron.


synaptic plasticity The concept that con-
nections between neurons in the brain can 
be altered by experience.


taste-aversion learning A form of classical 
conditioning in which a subject develops 
an aversion for the taste or odor of a food 
because of that food’s association with 
illness.


tolerance A phenomenon wherein 
repeated administration of a drug causes 
its effect to become less potent.


trial A discrete opportunity for learning 
to occur. In classical conditioning, a single 
pairing of a CS and a US is called a trial.


unconditioned response (UR) The 
response innately elicited by an uncondi-
tioned stimulus.


unconditioned stimulus (US) A stimulus 
that elicits a response without training.


unpaired control A control group in 
which the CS and the US are presented at 
widely separated times.


vesicles The parts of a neuron that store 
neurotransmitters.


lie6674X_02_c02_037-086.indd   85 4/9/12   8:15 AM








lie6674X_02_c02_037-086.indd   86 3/14/12   4:20 PM












	Applied Sciences
	Architecture and Design
	Biology
	Business & Finance
	Chemistry
	Computer Science
	Geography
	Geology
	Education
	Engineering
	English
	Environmental science
	Spanish
	Government
	History
	Human Resource Management
	Information Systems
	Law
	Literature
	Mathematics
	Nursing
	Physics
	Political Science
	Psychology
	Reading
	Science
	Social Science
	Liberty University
	New Hampshire University
	Strayer University
	University Of Phoenix
	Walden University


	Home
	Homework Answers
	Archive
	Tags
	Reviews
	Contact
		[image: twitter][image: twitter] 
     
         
    
     
         
             
        
         
    





	[image: facebook][image: facebook] 
     









Copyright © 2024 SweetStudy.com (Step To Horizon LTD)




    
    
