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Classical Conditioning: One Thing Leads to Another

1. Before conditioning 2. Before conditioning

N

—

response

ED —
response

Food Salivation Tuning fork No salivation
Unconditioned Unconditioned Neutral No conditioned
stimulus (US) response (UR) stimulus response

3. During conditioning

LINIG
.

4. After conditioning

) >
Tuning response response
fork Food Salivation Tuning fork Salivation
Conditioned  Unconditioned Unconditioned conditioned conditioned
stimulus (CS)  stimulus (US) response (UR) stimulus (CS) response (CR)

FIGUREG.2 e0 e cecceccccccccccccccccoccsosooooo
The Elements of Classical Conditioning In classical conditioning,

think you have the only dog that can tell time because she al-
ways knows when dinner’s coming and gets ready to eat. Sorry
to burst your bubble, but your dog is no clock-watching won-

a previously neutral stimulus (e.g., the sound of a tuning fork) is

paired with an unconditioned stimulus (e.g., the presentation of food).
After several trials associating the two, the conditioned stimulus (the

sound) alone can produce a conditioned response

der hound. Instead, the presentation of food (the US) has be-
come associated with a complex CS—your getting up, moving
into the kitchen, opening the cabinet, working the can opener—such that the CS alone
signals to your dog that food is on the way and therefore initiates the CR of her getting
ready to eat.

As another example, think back to Adam and Teri’s experiences on September 11,
2001. As they watched the World Trade Center collapsing on television, they felt
sadness, fear, and anxiety. The images of devastation and horror were the US, and the
negative feelings those images caused were the UR. However, Carly’s soccer goal acted
as the CS. The toy—and especially the songs it played—was an initially neutral
stimulus that was associated with the US that day. As the horrific images flashed across
the screen, “John Jacob Jingleheimer Schmidt” provided an endless sound track. Even-
tually the CS all by itself—the music played by the toy—was suf-
ficient to produce the CR: feelings of sadness, fear, and anxiety.

When Pavlov’s findings first appeared in the scientific and FATT A
popular literature (Pavlov, 1923a, 1923b), they produced a flurry
of excitement because psychologists now had demonstrable
evidence of how conditioning produced learned behaviors. This
was the kind of psychology that Watson and the behaviorists
were proposing: An organism experiences events or stimuli that
are observable and measurable, and changes in that organism
can be directly observed and measured. Dogs learned to salivate
to the sound of a buzzer, and there was no need to resort to ex-
planations about why it had happened, what the dog wanted,
or how the animal thought about the situation. In other words,
there was no need to consider the mind in this classical con-
ditioning paradigm, which appealed to Watson and the behav-
iorists. Pavlov also appreciated the significance of his discovery
and embarked on a systematic investigation of the mechanisms
of classical conditioning. (The Real World box on the next page
shows how Pavlov’s ideas help explain how drug overdoses
occur.)
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* I THINK MOM'S USING THE CAN OPENER
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Acquisition, Extinction, and Spontaneous Recovery

the CS (buzzer) but stopped presenting the US (food)? The result is just In classical conditioning, the CS is originally neutral and
produces no specific response. After several trials pairing

as you might imagine: As shown on the right side of the first panel in the CS with the US, the CS alone comes to elicit the sali-
FIGURE 6.3 (above), behavior declines abruptly and continues to drop vary response (the CR). Learning tends to take place fairly
until eventually the dog ceases to salivate to the sound of the buzzer. rapidly and then levels off as stable responding develops.
This process is called extinction, the gradual elimination of a learned UGN RSBl E AL RIS N T
response that occurs when the CS is presented but no longer paired with the T A L e e U 7 LU T L
. . . : ] . spontaneous recovery of the CR. In fact, a well-learned CR
US. Similarly, if you make noises in the kitchen without subsequently may show spontaneous recovery after more than one rest.
presenting a meaty plate of Alpo, eventually your dog will stop salivat-
ing or even getting aroused every time you walk into the kitchen.

Having established that he could produce learning through conditioning and then
extinguish it, Pavlov wondered if this elimination of conditioned behavior was perma-
® How does conditioned nent. Is a single session o.f extinction sufﬁcient to knoFk

p out the CR completely, or is there some residual change in
behavior change when ) ; :
ors the dog’s behavior so that the CR might reappear?

th,e UnCOI!dItIOHEd To explore this question, Pavlov extinguished the clas-

stimulus is removed? sically conditioned salivation response and then allowed
e § S dogs to have a short rest period. When they were
brought back to the lab and presented with the CS again, they displayed spontaneous
recovery, the tendency of a learned behavior to recover from extinction after a rest period.
This phenomenon is shown in the middle panel in FIGURE 6.3. Notice that this
recovery takes place even though there have not been any additional asso-
ciations between the CS and US. Some spontaneous recovery of the condi-
tioned response even takes place in what is essentially a second extinction
session after another period of rest (see the right-hand panel in FIGURE 6.3).
Clearly, extinction had not completely wiped out the learning that had been
acquired. The ability of the CS to elicit the CR was weakened, but it was not
eliminated. In fact, if the CS-US pairings are introduced again, the animal will
show rapid conditioning, much more rapid than during the initial acquisition
phase. This effect is known as savings, since it suggests that some underlying neu-
ral changes that occurred during the initial learning are “saved” no matter how
many extinction trials are conducted, and it is a good illustration of the perma-
nence of some kinds of learning.

Another important principle governing classical conditioning is generalization,
in which the CR is observed even though the CS is slightly different from the original one
used during acquisition. Suppose you decide to break down and buy a new can
opener, replacing the crummy one that you've had for years. Let’s say the new
one makes a slightly different sound. Do you think your dog will be stumped,
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------ Learning

unable to anticipate the presentation of her food? Will a whole new round
of conditioning need to be established with this modified CS?

Probably not. It wouldn’t be very adaptive for an organism if each lit-
tle change in the CS-US pairing required an extensive regimen of new
learning. Rather, your dog’s conditioning to the sound of the old can
opener will probably generalize to the sound of the new one. As you might
expect, the more the new stimulus changes, the less conditioned respond-
ing is observed. If you replaced a hand-held can opener with an electric can
opener, your dog would probably show a much weaker conditioned re-
sponse (Pearce, 1987; Rescorla, 2006).

Some generalization studies used a 1,000-hertz (Hz) tone as the CS dur-
ing the acquisition phase. The test stimuli used were tones of higher or
lower pitches. As you might expect, an animal gives the maximum re-
sponse to the original stimulus of 1,000 Hz, with a systematic drop-off as
the pitch of the replacement stimulus is farther away from the original

tone of 1,000 Hz regardless of whether the tone PY hanai
@88 8888 o Some people desire money as an end in ; was higher or lower. Interestingly, when the stimulus is one OW Can changing
SRS L A TR of the octaves of the original stimulus (octaves in music are can openers affect

;g:a;;f’zg?: g gg;rotg;igggu;;fn_ tones that are direct multiples of each other), either 500 Hz a conditi gl’ned dog’s
cier Bernard Madoff was sentenced to or 2,000 Hz, there is a slight increase in responding. In these response:

150 years in prison after being convicted cases, the rate of responding is lower than that of the origi- @D
for defrauding hundreds of investors out nal CS but higher than it is in other cases of dissimilar tones. The animals clearly show
that they detect octaves just like we do, and in this case, responding has generalized to
as Madoff may be showing the effects of those octaves (see FIGURE 6.4, below).

second-order conditioning. When an organism generalizes to a new stimulus, two things are happening. First, by
responding to the new stimulus used during generalization testing, the organism demon-
strates that it recognizes the similarity between the original CS and the new stimulus. Sec-
ond, by displaying diminished responding to that new stimulus, it also tells us that it
notices a difference between the two stimuli. In the second case, the organism shows dis-
crimination, or the capacity to distinguish between similar but distinct stimuli.

Here's a true story about a talented golden retriever named Splash. Splash was very
well trained to perform a number of behaviors when his name was called, as in “Go,
Splash,” to fetch a ball. The sound of his name was the CS, and running after a target
was the US. Repeated attempts to trick him, by yelling, “Go, Splat!” or, “Go, Crash!” or
even, “Go, Spla!” resulted in predictable outcomes. Splash would start to move, but then
hesitate, showing that he discriminated between the appropriate stimulus (“Splash!”)
and the substituted ones (“Splat!”).

Conceptually, generalization and discrimination are two sides of the same coin. The
more organisms show one, the less they show the other, and training can modify the
balance between the two.

TIMOTHY A. CLARY/AFP/GETTY IMAGES
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Stimulus Generalization In this experiment, 6
an animal was conditioned using a ,000-Hz 4
tone (the CS) and tested with a variety of
tones of higher and lower pitches. As the 2
pitches move farther away from the original o

CS, the strength of the CR drops off systemat-
ically. However, when the tone is an octave of S
the original (i.e., either 500 or 2,000 Hz),
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Conditioned Expectation
stimulus of
(e.g., tone, bell) food

DON MASON/CORBIS

the kennel to the laboratory, and standing around and talking with his assistants. These
observations suggest that perhaps cognitive components are involved in classical con-
ditioning after all.

Robert Rescorla and Allan Wagner (1972) were the first to theorize that classical con-
ditioning only occurs when an animal has learned to set up an expectation (see FIGURE 6.5).
The sound of a tone, because of its systematic pairing with food, served to set up this cog-
nitive state for the laboratory dogs; Pavlov, because of the lack of any reliable link with
food, did not. Rescorla and Wagner predicted that conditioning would be easier when
the CS was an unfamiliar event than when it was familiar. The reason is that familiar
® How does famili aritg events,' being familiar., already have. ('expfactati.ons associ-

. . . ated with them, making new conditioning difficult. For
with the S.tl.m U.IUS hinder example, Adam didn’t recoil in horror every time he saw
new condltlonmg? his daughter Carly, even though she was present during

S the acquisition phase of 9/11. The familiarity of Carly in
multiple contexts made her, thankfully, a poor CS for Adam’s fear conditioning. In short,
classical conditioning might appear to be a primitive and unthinking process, but it is
actually quite sophisticated and incorporates a significant cognitive element.

The Evolutionary Elements of Classical Conditioning

In addition to this cognitive component, evolutionary mechanisms also play an im-
portant role in classical conditioning. As you learned in Chapter 1, evolution and nat-
ural selection go hand in hand with adaptiveness: Behaviors that are adaptive allow an
organism to survive and thrive in its environment. In the case of classical conditioning,
psychologists began to appreciate how this type of learning could have adaptive value.
In fact, there are good reasons why animals may have evolved to condition to novel
stimuli more easily than to familiar stimuli. An example comes from conditioning of
food aversions and food preferences.

You may think food preference is a matter of personal taste, but in fact food
aversions can be classically conditioned. A psychology professor was once on
a job interview in Southern California, and his hosts took him to lunch at
a Middle Eastern restaurant. Suffering from a case of bad hummus, he was
up all night long. Needless to say, he was in pretty rough shape the fol-
lowing day, and he didn’t get the job offer. )

This colleague developed a lifelong aversion to hummus. Why would 3
one bad incident taint food preferences in such a lasting way? On the 2
face of it, this looks like a case of classical conditioning. The hummus
was the CS, its apparent toxicity was the US, and the resulting gastric dis- %
tress was the UR. The UR (the nausea) became linked to the once-neutral
CS (the hummus) and became a CR (an aversion to hummus). However, this
case has several unusual aspects.

FIGUREG.5¢e e e e 0 ececcccccscccce
Expectation in Classical Conditioning
In the Rescorla-Wagner model of classical

conditioning, a CS serves to set up an
expectation. The expectation in turn
leads to an array of behaviors associated
with the presence of the CS.

Under certain conditions, people o o o o 8 8 9 e o'
may develop food aversions. This serving

of hummus looks inviting and probably

tastes delicious, but at least one psychol-

ogist avoids it like the plague.
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e Rats can be difficult to poison because
of learned taste aversions, which are an
evolutionarily adaptive element of classi-
cal conditioning. Here a worker tries his
best in the sewers of France.

biological preparedness A propensity for
learning particular kinds of associations
over others.

CHAPTER 6 ------ Learning

For starters, all of the psychologist’s hosts also ate the hummus, yet none
of them reported feeling ill. It’s not clear, then, what the US was; it couldn’t
have been anything that was actually in the food. What’s more, the time be-
tween the hummus and the distress was several hours; usually a response fol-
lows a stimulus fairly quickly. Most baffling, this aversion was cemented with
a single acquisition trial. Usually it takes several pairings of a CS and US to
establish learning.

These peculiarities are not so peculiar from an evolutionary perspective.
What seems like a mindbug is actually the manifestation of an adaptive process.
Any species that forages or consumes a variety of foods needs to develop a
mechanism by which it can learn to avoid any food that once made it ill. To
have adaptive value, this mechanism should have several properties.

First, there should be rapid learning that occurs in perhaps one or two tri-
als. If learning takes more trials than this, the animal could die from eating a
toxic substance. Second, conditioning should be able to take place over very
long intervals, perhaps up to several hours. Toxic substances often don’t cause
illness immediately, so the organism would need to form an association be-
tween food and the illness over a longer term. Third, the organism should
develop the aversion to the smell or taste of the food rather than its ingestion.
It’'s more adaptive to reject a potentially toxic substance based on smell alone
than it is to ingest it. Finally, learned aversions should occur more often with
novel foods than familiar ones. It is not adaptive for an animal to develop an
aversion to everything it has eaten on the particular day it got sick. Our psy-
chologist friend didn’t develop an aversion to the Coke he drank with lunch
or the scrambled eggs he had for breakfast that day, only to the unfamiliar hummus.
John Garcia and his colleagues illustrated the adaptiveness of classical conditioning
in a series of studies with rats (Garcia & Koelling, 1966). They paired a variety of CSs
with a US, such as injection of a toxic substance, that caused nausea and vomiting hours
later. If the CS was water laced with a harmless but distinctly flavored novel substance
(such as strawberry), the rats developed a strong aversion to the smell and taste of straw-
berries. But if the CS was a familiar food that the animal had eaten before, the aversion
was much less likely to develop.

This research had an interesting application. It led to the development of a technique
for dealing with an unanticipated side effect of radiation and chemotherapy: Cancer pa-
tients who experience nausea from their treatments often develop aversions to foods they
ate before the therapy. Broberg and Bernstein (1987) reasoned that, if the findings with
rats generalized to humans, a simple technique should
minimize the negative consequences of this effect. They
gave their patients an unusual food (coconut or root
beer-flavored candy) at the end of the last meal before
undergoing treatment. Sure enough, the conditioned
food aversions that the patients developed were over-
whelmingly for one of the unusual flavors and not for any of the other foods in the meal.
As a result, patients were spared developing aversions to more common foods that they are
more likely to eat. Understanding the basis of mindbugs can have practical as well as the-
oretical value.

Studies such as these suggest that evolution has provided each species with a kind
of biological preparedness, a propensity for learning particular Kinds of associations over
others, so that some behaviors are relatively easy to condition in some species but not
others. For example, the taste and smell stimuli that produce food aversions in rats do
not work with most species of birds. Birds depend primarily on visual cues for finding
food and are relatively insensitive to taste and smell. However, it is relatively easy to pro-
duce a food aversion in birds using an unfamiliar visual stimulus as the CS, such as a
brightly colored food (Wilcoxon, Dragoin, & Kral, 1971). Indeed, most researchers agree
that conditioning works best with stimuli that are biologically relevant to the organism
(Domjan, 20053).
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@ How have cancer patients
discomfort been eased by
our understanding of
food aversions?
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Reinforcement and Punishment

Increases the Decreases the

Likelihood of Behavior Likelihood of Behavior
Stimulus is presented Positive reinforcement Positive punishment
Stimulus is removed Negative reinforcement Negative punishment

These distinctions can be confusing at first; after all, “negative reinforcement” and
“punishment” both sound like they should be “bad” and produce the same type of be-
havior. There are a couple of ways to keep track of these distinctions. First, remember
that positive and negative simply mean presentation or removal, and the terms don’t nec-
essarily mean “good” or “bad” as they do in everyday speech. Negative reinforcement,
for example, involves something pleasant; it’s the removal of something unpleasant,
like a shock, and the absence of a shock is indeed pleasant.

Second, bear in mind that reinforcement is generally more effective than punish-
ment in promoting learning. There are many reasons (Gershoff, 2002), but one reason
is this: Punishment signals that an unacceptable behavior has occurred, but it doesn’t
spe.zcify what s.hould be qone instead. Spanking ayoung o Why is reinforcement
child for starting to run into a busy street certainly stops R

. . . . . more constructive than
the behavior—which, in this case, is probably a good . . .
SCREAM x idea. But it doesn’t promote any kind of learning about pun,]Shment m,]eammg
UNTIL DADDY 4 the desired behavior. Reinforcers and punishers often desired behavior?
STOPS THE CAR : gain their functions from basic biological mechanisms.
e Food, comfort, shelter, and warmth are examples of primary reinforcers because they help
. . , satisty biological needs. However, the vast majority of reinforcers or punishers in our
® Negative reinforcement involves the daily lives have little to do with biology. Handshakes, verbal approval, an encouraging
removal of something undesirable from : ’ ’
the environment. When Daddy stops grin, a bronze trophy, or money all serve powerful reinforcing functions, yet none of
the car, he gets a reward: His little them taste very good or help keep you warm at night. The point is, we learn to perform
monster stops screaming. However, a lot of behaviors based on reinforcements that have little or nothing to do with bio-
from the child’s perspective, this is logical satisfaction.

f::ggﬁ :ZTJZﬁZ%JZﬁ;;Zgiive These secondary reinforcers derive their effectiveness from their associations with pri-
added to the environment: stopping mary reinforcers through classical conditioning. For example, money starts out as a
for a snack. neutral CS that, through its association with primary USs, such as acquiring food or
shelter, takes on a conditioned emotional element. Flashing lights, originally a neutral
CS, acquire powerful negative elements through association with a speeding ticket and
a fine. Under normal circumstances, as long as the CS-US link is maintained, the sec-
ondary reinforcers and punishers can be used to modify and control behavior. If the
links are broken (i.e., if an extinction procedure is introduced), secondary reinforcers
typically lose these functions. Money that is no longer backed by a solvent
government quickly loses its reinforcing capacity and becomes worth no
more than the paper it is printed on.
But as long as behaviors are linked with reinforcement, those behaviors
(o) should continue to occur, right? Actually, no. Sometimes, the presentation
T . of rewards can cause the opposite effect: a decrease in performing the be-
= Bl havior. An example of such a mindbug is overjustification effect, when
external rewards can undermine the intrinsic satisfaction of performing a behav-
ior. In one study nursery school children were given colored pens and
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'}’“'-'" S —— e r' paper and were asked to draw whatever they wanted (Lepper & Greene,

I l ' ﬂ 1978). For a young child, the pleasures of drawing and creative expres-

le E"'"-"r sion are rewarding all by themselves. Some children, though, received a

p , “Good Player Award” for their efforts at artwork, whereas other children
Oh, not bad. The light comes on, I press the bar, . X

they write me a check. How about you?” did not. As you may have guessed, the Good Players spent more time at

THE NEW YORKER COLLECTION 1993 TOM CHENEY FROM CARTOONBANK.COM.

the task than the other children. As you may not have guessed, when the
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® In research on stimulus control, participants
trained with Picasso paintings, such as the
one on the left, responded to other paintings
by Picasso or even to paintings by other

Cubists. Participants trained with Monet
paintings, such as the one on the right,
responded to other paintings by Monet or by
other French Impressionists. Interestingly,
the participants in this study were pigeons.

TATE GALLERY, LONDON/ART RESOURCE, NY
TATE GALLERY, LONDON/ART RESOURCE, NY

shaping Learning that results from the rein- frowns will quickly disappear. On the surface, extinction of operant behavior looks like

forcement of successive approximations to a that of classical conditioning: The response rate drops off fairly rapidly, and, if a rest pe-
final desired behavior.

riod is provided, spontaneous recovery is typically seen.

One important difference between classical and operant conditioning is that, in clas-
sical conditioning, responses are usually hardwired—behaviors that the animal already
displays, such as salivajci.on 0? fear. .Classical condi‘Fioning ® How can operant
only changes the conditions in which these behaviors are P
produced. By contrast, operant conditioning can produce condltlomng pI:OdUCE
brand-new behaviors. Have you ever been to AquaLand complex behaviors?
and wondered how the dolphins learn to jump up in the
air, twist around, splash back down, do a somersault, and then jump through a hoop,
all in one smooth motion? These behaviors are the result of shaping, or learning that
e B. f. Skinner shaping a dog named Agnes. results from the reinforcement of successive approximations to a final desired behavior. The out-

Ly (B T 17 A T, STl T comes of one set of behaviors shape the next set of behaviors

able to use reinforcement of successive . . . . . .
approximations to shape Agnes’s behav- To illustrate the effects of shaping, Skinner noted that if you put a rat in a Skinner
ior. The result was a pretty neat trick: to box and wait for it to press the bar, you could end up waiting a very long time; bar
wander in, stand on hind legs, and jump.

1 minute 4 minutes 8 minutes
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pressing just isn’t very high in a rat’s natural hierarchy of responses. However, it is rel-
atively easy to “shape” bar pressing. Watch the rat closely: If it turns in the direction of
the bar, deliver a food reward. This will reinforce turning toward the bar, making such
a movement more likely. Now wait for the rat to take a step toward the bar before de-
livering food; this will reinforce moving toward the bar. After the rat walks closer to
the bar, wait until it touches the bar before presenting the food. Notice that none of
these behaviors is the final desired behavior—reliably pressing the bar. Rather, each
behavior is a successive approximation to the final product, or a behavior that gets
incrementally closer to the overall desired behavior. In the dolphin example—
and indeed, in many instances of animal training in which relatively simple
animals seem to perform astoundingly complex behaviors—each smaller
behavior is reinforced until the overall sequence of behavior gets pezr-
formed reliably. =
In shaping, complicated behaviors can be established by pairing re- ‘
sponses with reinforcement. But what if reinforcement occurs, regard-
less of what the organism is doing? To find out, Skinner (1947) put several
pigeons in Skinner boxes, set the food dispenser to deliver food every 15 seconds, and
left the birds to their own devices. Later he returned and found the birds engaging in
odd, idiosyncratic behaviors, such as pecking aimlessly in a corner or turning in cir-
H cles. He referred to these behaviors as “superstitious” and of-
® rlow W.OU.] da . fered a behaviorist analysis of their occurrence. The pigeons,
behavi O.I‘l.St EXp]am he argued, were simply repeating behaviors that had been ac-
SuperSt]tmnS? cidentally reinforced. A pigeon that just happened to have
pecked randomly in the corner when the food showed up
had connected the delivery of food to that behavior. Because this pecking be-

179

havior was “reinforced” by the delivery of food, the pigeon was likely to re- Why does Tiger Woods always wear his Sunday red e e

peat it. Now pecking in the corner was more likely to occur, and it was more
likely to be reinforced 15 seconds later when the food appeared again.

shirt for the final round of a golf tournament? Some
people think that he is engaging in superstitious be-
havior, but it’s more than just that: Tiger feels more

For each pigeon, the behavior reinforced would be whatever the pigeon aggressive when wearing a red shirt, which helps him
happened to be doing when the food was first delivered. Skinner’s pigeons perform down the stretch.

acted as though there was a causal relationship between their behaviors and
the appearance of food when it was merely an accidental correlation. Superstitious be-
havior is not limited to pigeons, of course. Baseball players who enjoy several home
runs on a day when they happened to have not showered are likely to continue that tra-
dition, laboring under the belief that the accidental correlation between poor personal
hygiene and a good day at bat is somehow causal. This “stench causes home runs”
hypothesis is just one of many examples of human superstitions (Gilbert et al., 2000;
Radford & Radford, 1949).

12 minutes 16 minutes

20 minutes
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These pieceworkers in a textile factory e e o o 98 08 0'e'®
get paid following a fixed ratio schedule: They

receive payment after some set number of

shirts have been sewn.

IMAGINECHINA

All ratio schedules encourage high and consistent rates of responding because the
number of rewards received is directly related to the number of responses made. Unlike
a rat following a fixed interval schedule, where food is delivered at a specified time re-
gardless of the number of responses, rats following a ratio schedule should respond
quickly and oftezn. Not sgrprisingly, variable rat'io sched- ® How do ratio schedules
ules produce slightly higher rates of responding than
i . - ) work to keep you

xed ratio schedules primarily because there’s always the di 5
possibility of a reward after the very next response— spenaing your money:
even if a reinforcement was just obtained. crmmm——

All of these schedules of reinforcement provide intermittent reinforcement, mean-
ing that only some of the responses made are followed by reinforcement. They all produce be-
havior that is much more resistant to extinction than a continuous reinforcement

schedule. One way to think about this effect is to recognize that the more irregular and FIGURE6.De e eco00cccccccsssnsscs
intermittent a schedule is, the more difficult it becomes for an organism to detect when Reinforcement Schedules Different
it has actually been placed on extinction. schedules of reinforcement produce

different rates of responding. These
lines represent the amount of re-
sponding that occurs under each type
of reinforcement. The black slash
marks indicate when reinforcement
was administered. Notice that ratio
Fixed ratio (FR) N\ schedules tend to produce higher
Variable ratio (VR) rates of responding than do interval

schedules, as shown by the steeper
\\ lines for fixed ratio and variable ratio.
\
(7]
[<}]
(7]
s
2 Fixed interval (FI)
[}]
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this pathway are dopaminergic; that is, they secrete the neuro-
transmitter dopamine. Remember from Chapter 3 that higher
levels of dopamine in the brain are usually associated with
positive emotions.

Researchers have found good support for this “reward cen-
ter.” First, as you've just seen, rats will work to stimulate this
pathway at the expense of other basic needs (Olds & Fobes,
1981). However, if drugs that block the action of dopamine
are administered to the rats, they cease stimulating the pleas-

ure centers (Stellar, Kelley, & Corbett, 1983). Second, drugs gcucclfrl]‘;ens
such as cocaine, amphetamine, and opiates activate these
pathways and centers (Moghaddam & Bunney, 1989), but Hypothalamus

dopamine-blocking drugs dramatically diminish their rein-
forcing effects (White & Milner, 1992). Third, fMRI studies
(see Chapter 3) show increased activity in the nucleus accum-
bens in heterosexual men looking at pictures of attractive
women (Aharon et al., 2001) and in individuals who believe
they are about to receive money (Knutson et al., 2001). Fi-
nally, rats given primary reinforcers such as food or water or

Pituitary gland

Medial forebrain

bundle

Amygdala
Hippocampus

that are allowed to engage in sexual activity show increased

dopamine secretion in the nucleus accumbens—but only if the rats are hungry, thirsty,
or sexually aroused (Damsma et al., 1992). After all, food tastes a lot better when we are
hungry, and sexual activity is more pleasurable when we are aroused. These biological
structures underlying rewards and reinforcements probably evolved to ensure that
species engaged in activities that helped survival and reproduction.

The Cognitive Elements of Operant Conditioning

In addition to studying the brain substrates of operant conditioning, other researchers
began to question Skinner’s strictly behaviorist interpretation of learning and to suggest
that cognition might play a role. Edward Chace Tolman (1886-1959) was the strongest
early advocate of a cognitive approach to operant learning. Tolman argued that there
was more to learning than just knowing the circumstances in the environment (the
properties of the stimulus) and being able to observe a particular outcome (the rein-
forced response). Instead, Tolman focused less on the stimulus-response connection
and more on what happens in the organism’s mind when faced with the stimulus.
One phenomenon that suggested that simple stimulus-response interpretations of
operant learning were inadequate was latent learning, in which something is learned
but it is not manifested as a behavioral change until sometime in the future. Latent learning
can easily be established in rats and occurs without any obvious reinforcement, a find-
ing that posed a direct challenge to the then-dominant behaviorist position that all
learning required some form of reinforcement (Tolman & Honzik, 1930b). Tolman gave
three groups of rats access to a complex maze every day for over 2 weeks. The control
group never received any reinforcement for navigating the maze. They were simply
allowed to run around until they reached the goal box at the end of the maze. In
FIGURE 6.11 (on page 184) you can see that over the 2 weeks of the study, this group (in
green) got a little better at finding their way through the maze but not by much. A sec-
ond group of rats received regular reinforcements; when they reached the goal box,
they found a small food reward there. Not surprisingly, these rats showed clear learn-
ing, as can be seen in blue in FIGURE 6.11. A third group was treated exactly like the con-
trol group for the first 10 days and then rewarded for the last 7 days. This group’s
behavior (in orange) was quite striking. For the first 10 days, they behaved like the rats
in the control group. However, during the final 7 days, they behaved a lot like the rats
in the second group that had been reinforced every day. Clearly, the rats in this third
group had learned a lot about the maze and the location of the goal box during those
first 10 days even though they had not received any reinforcements for their behavior.
In other words, they showed evidence of latent learning.

FIGUREG.10 ecceccccccccoccccoe
Pleasure Centers in the Brain The

nucleus accumbens, medial forebrain
bundle, and hypothalamus are all major
pleasure centers in the brain.
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cognitive approach to operant learning

and provided evidence that in maze

learning experiments, rats develop a

mental picture of the maze, which he

called a cognitive map.
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@00000000000000000000000 000 FIGUREG.11 10
Latent Learning Rats in a control group that never
received any reinforcement (in green) improved at finding
their way through the maze over 17 days but not by much.
Rats that received regular reinforcements (in blue) showed
fairly clear learning; their error rate decreased steadily 6

over time. Rats in the latent learning group (in orange) Average

were treated exactly like the control group rats for the errors
first 10 days and then like the regularly rewarded group for 4
the last 7 days. Their dramatic improvement on day 12
shows that these rats had learned a lot about the maze
and the location of the goal box even though they had 2
never received reinforcements. Notice also that on the last No food until day 11
7 days, these latent learners actually seem to make fewer
errors than their regularly rewarded counterparts. 01 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17

Days

Control group:
No food reward

Regularly rewarded

These results suggested to Tolman that beyond simply learning “start here, end here,”
his rats had developed a sophisticated mental picture of the maze. Tolman called this
a cognitive map, or a mental representation of the physical features of the environment.
One simple experiment provided support for Tolman's theories and wreaked havoc with
the noncognitive explanations offered by staunch behaviorists. Tolman trained a group
of rats in the maze shown in FIGURE 6.12a. As you can see, rats run down a straightaway,
take a left, a right, a long right, and then end up in the goal box at the end of the maze.
thiﬁfter they had @astered the maz'e, Tolman changed ® What are “cogni tive maps,"

gs around a bit and put them in the maze shown

in FIGURE 6.12b. The goal box was still in the same and Whg are theg a, .
place relative to the start box. However, many alter- Cha"enge to behaviorism?
native paths now spoked off the main platform, and
the main straightaway that the rats had learned to use was blocked. Most behaviorists
eeeseesccccccsese FIGUREG.12 would predict that the rats in this situation—running down a familiar path only to find
Cognitive Maps (a) Rats trained it blocked—would show stimulus generalization and pick the next closest path, such as

to run from a start box to a goal box
in the maze on the left mastered the
task quite readily. When these rats
were then placed in the maze on the
right (b), in which the main straight- I
away had been blocked, they did |

something unusual. Rather than
simply backtrack and try the next

101\9
11

closest runway (i.e., those labeled 8 12

or 9 in the figure), which would be 13 .

predicted by stimulus generaliza-
tion, the rats typically chose runway 14
5, which led most directly to where

the goal box had been during their 15

N

training. The rats had formed a

cognitive map of their environment

and so knew where they needed to
end up, spatially, compared to K

where they began.

; N

(a) Apparatus used in preliminary training (b) Apparatus used in test trial
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one immediately adjacent to the straightaway. This was not what Tolman observed.
When faced with the blocked path, the rats instead ran all the way down the path that
led directly to the goal box. The rats had formed a sophisticated cognitive map of their
environment and behaved in a way that suggested they were successfully following
that map after the conditions had changed. Latent learning and cognitive maps suggest
that operant conditioning involves much more than an
animal responding to a stimulus. Tolman’s experiments
strongly suggest that there is a cognitive component, even
in rats, to operant learning. )

The Evolutionary Elements

of Operant Conditioning

As you'll recall, classical conditioning has an adaptive value
that has been fine-tuned by evolution. Not surprisingly, we
can also view operant conditioning from an evolutionary
perspective. This viewpoint grew out of a set of curious ob-
servations from the early days of conditioning experiments.
Several behaviorists were using simple T mazes like the one
shown in FIGURE 6.13. If a rat found food in one arm of the I FIGUREG.13 e e ececcoscccce
maze on the first trial of the day, it typically ran down the A Simple T Maze When rats

. L. find food in the right arm of a
other arm on the very next trial. A staunch behaviorist e T o A

wouldn’t expect the rats to behave this way. After all, the trial, they will often run to the
rats in these experiments were hungry, and they had just left arm of the maze. This con-
been reinforced for turning in a particular direction. Accord- tradicts basic principles of op-
ing to operant conditioning, this should increase the likeli- I e e
R . . . . havior of running to the right
hood of turning in that same direction, not reduce it. With Start arm is reinforced, it should be
additional trials the rats eventually learned to go to the arm more likely to occur again in
with the food, but they had to learn to overcome this initial tendency to go “the wrong the future. However, this be-
way.” How can we explain this mindbug? havior is perfectly consistent

with a rat’s evolutionary pre-
paredness. Like most foraging
animals, rats explore their en-

What was puzzling from a behaviorist perspective makes sense when viewed from an
evolutionary perspective. Rats are foragers, and like all foraging species, they have

evolved a highly adaptive strategy for survival. They move around in their environ- vironments in search of food
ment looking for food. If they find it somewhere, they eat it (or store it) and then go and seldom return to where
look somewhere else for more. If they do not find food, . . food has already been found.
they forage in another part of the environment. So, if the ® What gxp!ams arat S? sluisisensiblyiffoadihasialy
rat just found food in the right arm of a T maze, the obvi- ) behavior in a T-maze? ;ii;f_\;f ;f en ;ﬁg;ﬁ;gi;g%
ous place to look next time is the left arm. The rat knows search the left arm next to
that there isn’t any more food in the right arm because it just ate the food it found see if more food is there.

there! Indeed, foraging animals such as rats have well-developed spatial representations
that allow them to search their environment efficiently. So, in this case it’s not the rat
who is the victim of a mindbug—it’s the behaviorist theorist!

Two of Skinner’s former students, Keller Breland and Marian Breland, were among
the first researchers to discover that it wasn’t just rats in T mazes that presented a prob-
lem for behaviorists (Breland & Breland, 1961). For example, the Brelands, who made
a career out of training animals for commercials and movies, often used pigs because
pigs are surprisingly good at learning all sorts of tricks. However, they discovered that
it was extremely difficult to teach a pig the simple task of dropping coins in a box. In-
stead of depositing the coins, the pigs persisted in rooting with them as if they were dig-
ging them up in soil, tossing them in the air with their snouts and pushing them
around. The Brelands tried to train raccoons at the same task, with different but equally
dismal results. The raccoons spent their time rubbing the coins between their paws in-
stead of dropping them in the box.

Having learned the association between the coins and food, the animals began to
treat the coins as stand-ins for food. Pigs are biologically predisposed to root out their
food, and raccoons have evolved to clean their food by rubbing it with their paws is ex- cognitive map A mental representation of
actly what each species of animal did with the coins. the physical features of the environment.




@9 999 e 8 o The misbehavior of organisms: Pigs are bio-
logically predisposed to root out their food,
Just as raccoons are predisposed to wash
their food. Trying to train either species to
behave differently can prove to be an exer-
cise in futility.
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The Brelands’ work shows that each species, including humans, is biologically pre-
disposed to learn some things more readily than others and to respond to stimuli in
ways that are consistent with its evolutionary history (Gallistel, 2000). Such adaptive
behaviors, however, evolved over extraordinarily long periods and in particular environ-
mental contexts. If those circumstances change, some of the behavioral mechanisms
that support learning can lead an organism astray. Raccoons that associated coins with
food failed to follow the simple route to obtaining food by dropping the coins in the
box; “nature” took over, and they wasted time rubbing the coins together. The point is
that although much of every organism’s behavior results from predispositions sharp-
ened by evolutionary mechanisms, these mechanisms sometimes can have ironic
consequences.

summary quiz [6.3]

8. Which of the following is an example of a secondary reinforcer?
a. food c. warmth
b. shelter d. money

9. Some college students do relatively little work until just before the upcoming
exam, when they then engage in a burst of studying. After the exam, they
take some time off before starting the cycle again. These students are
operating under which schedule of reinforcement?

a. fixed interval c. fixed ratio
b. variable interval d. variable ratio
10. The neurons in the are crucial to behaviors associated with
pleasure, such as eating, drinking, and sexual activity.
a. pituitary gland c. hippocampus
b. medial forebrain bundle d. parietal lobe
11. is a condition in which something is learned but not manifested
in a behavioral change until sometime in the future.
a. Latent learning c. Implicit learning
b. Observational learning d. Successive approximation
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@999 988 e Video games have become a must-
have device in many households.
Research on observational learning
suggests that seeing violent images—

in video games, on television, or in
movies—can increase the likelihood
of enacting violent behavior.

eeecsesscccccccccscsese oo FIGUREG.14 studies has implications for social learning, cultural
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variety of toys, including a Bobo
doll, they were more than twice as
likely to interact with it in an aggres-
sive manner as a group of children
who hadn’t observed the aggressive
model.

As FIGURE 6.14 shows, the degree
of imitation that the children showed
was startling. In fact, the adult model
purposely used novel behaviors such
as hitting the doll with a mallet or
throwing it up in the air so that the
researchers could distinguish aggres-

sive acts that were clearly the result
of observational learning. The children in these studies also showed that they were sen-
sitive to the consequences of the actions they observed. When they saw the adult mod-
els being punished for behaving aggressively, the children showed considerably less
aggression. When the children observed a model being rewarded and praised for ag-
gressive behavior, they displayed an increase in aggression .

(Bandura, Ross, & Ross, 1963). ® What did the Boho

The observational learning seen in Bandura’s doll experiment show

about children and

Beating Up Bobo Children who were transmission of norms and values, and psychother- aggressive behavior?

exposed to an adult model who behaved aggres- apy, as well as moral and ethical issues (Bandura,

sively toward a Bobo doll were likely to behave 1977, 1994). For example, a recent review of the literature on the effects of view-
Ll C e DS L BVl I ing violence on subsequent behavior concluded that viewing media violence

the absence of any direct reinforcement. Observa-
tional learning was responsible for producing

has both immediate and long-term effects in increasing the likelihood of aggres-

the children’s behaviors. sive and violent behavior among youth (Anderson et al., 2003). This conclusion
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