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singing, dancing, or otherwise pitching a product depended 
on operant conditioning. A famous animal act from the 1950s, 
“Priscilla, the Fastidious Pig,” featured a pig whose routine 
included turning on the radio, eating breakfast at a table, pick-
ing up dirty clothes and putting them in a hamper, running the 
vacuum cleaner, and—of course—picking out her favorite brand 
of pig chow (Breland & Breland, 1951). By the end of this chap-
ter, you should have a pretty good idea of how to train your own 
pig to do the same.

5.1 Behavioral Processes
Humans have been using the principles of operant conditioning as long as there 
have been sheep to herd, horses to ride, and toddlers to toilet train. But it wasn’t 
until the end of the nineteenth century (about the same time that Ivan Pavlov 
was “discovering” classical conditioning) that Edward Thorndike first tried to 
systematically explore how animals learn new behaviors.

The “Discovery” of Operant Conditioning
In Chapter 1, you read about Edward Thorndike and his studies of how cats 
learned to escape from puzzle boxes, such as the one shown in Figure 5.1a. 
The puzzle boxes were made from fruit crates, each with a door that could be 
opened from the inside if the animal executed the correct sequence of pressing 
levers, pulling ropes, and stepping on pedals (Thorndike, 1898, 1911, 1932). 
When Thorndike would put a cat in such a box for the first time, the animal 
would hiss, claw at the walls, and generally try to fight its way free. Eventually, 
the cat would accidentally perform the movements needed to open the door and 
get out. Thorndike recorded how long it took the animal to escape and then 
returned the cat to the box to try again. After a few experiences in the box, a cat 
typically learned the sequence of moves that allowed it to escape. Figure 5.1b 
shows the data from one cat; after a dozen or so trials in the box, the cat was able 
to get out almost immediately.

Thorndike concluded that when an animal’s response was followed by a sat-
isfying outcome (such as escaping from a puzzle box or obtaining food), then 
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Figure 5.1 Thorndike’s 
studies of animal learning 
(a) One of Thorndike’s puzzle 
boxes. (b) Data from one cat that 
learned to escape from the puzzle 
box efficiently after a few 
experiences.
[Data from (Thorndike, 1911).]
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WHAT’S THE DIFFERENCE FROM CLASSICAL 
CONDITIONING?

Classical conditioning
Organisms experience an outcome whether or not they have learned the conditioned stimulus.

Operant conditioning
The outcome O is wholly dependent on whether the organism performs the response R. 



OPERANT CONDITIONING

Law of effect

Satisfying outcome => Occurring again
Unsatisfying outcome => Response occurring again would decrease.

Stimulus S=> Response R => Outcome O

What’s what?
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Free-Operant Learning
Chapter 1 introduced B. F. Skinner as the “radical behaviorist.” Skinner was 
attracted to Thorndike’s work, with its promise of animal responses that could 
be measured and evaluated without requiring speculation about the animal’s 
mental states. But Skinner thought he could refine Thorndike’s techniques. 
Thorndike’s procedures were characterized by discrete trial paradigms, mean-
ing that the experimenter defined the beginning and end of each trial. For 
example, on one trial with the puzzle box, the experimenter would pick up a cat, 
put it in the box, shut the door, and record how long it took the cat to escape. 
He would then pick up the cat and return it to the box to start the next trial. 
Similarly, when testing rats in a maze, the experimenter would place a rat at 
the start of the maze and record how long it took the rat to reach the goal. He 
would then pick up the rat and return it to the start to begin the next trial. Each 
trial is separate, or discrete, and the experimenter decides when and how often 
to begin a new trial.

Skinner developed a maze with a return ramp so that the animal could finish 
one trial in the maze, collect the food, and then run back to the beginning of 
the maze by itself to start the next trial—and obtain the next piece of food. Part 
of Skinner’s intention was to automate data collection so that the experimenter 
no longer had to intervene at the end of each trial by returning the rat to the 
starting position for the next trial. But a side effect was that the animal—not the 
experimenter—now controlled its own rate of responding, by how quickly or 
slowly it ran around to start the next trial. Skinner referred to this type of setup 
as a free-operant paradigm, meaning that the animal could operate the appa-
ratus freely, whenever it chose—as distinct from the discrete trials paradigm, 
where trials were controlled by the experimenter.

Test Your Knowledge

Is It Classical or Operant?
In classical conditioning, the outcome (US) follows the stimulus (CS) whether or not a 
learned response (CR) is made. In operant conditioning, the outcome (O) only follows 
the stimulus (S) if a particular response (R) is made. Analyze the following scenarios 
to check whether you understand the difference. (Answers appear in the Answers 
section in the back of the book.)

 1. Since retiring, Jim spends a lot of time sitting on his back porch, watching the 
birds and whistling. One day, he scatters crumbs, and birds come and eat them. 
The next day, he sits and whistles and strews crumbs, and the birds return. After 
a few days, as soon as Jim sits outside and starts whistling, the birds arrive.

 2. Shevonne’s dog Snoopy is afraid of thunder. Snoopy has learned that lightning 
always precedes thunder, so whenever Snoopy sees lightning, he runs and hides 
under the bed.

 3. Michael takes a new job close to home, and now he can walk to work. On the 
first morning, there are clouds in the sky. Michael gets very wet on the way 
to work. On the next morning, there are also clouds in the sky. Michael brings 
his  umbrella along, just in case. When it rains, he stays dry. After that, Michael 
 carries his umbrella to work anytime the sky looks cloudy.

 4. In Carlos’s apartment building, whenever someone flushes the toilet, the shower 
water becomes scalding hot and causes him to flinch. Now whenever he’s in the 
shower and hears the noise of flushing, he automatically flinches, knowing he’s 
about to feel the hot water.
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FREE OPERANT LEARNING

Discrete trial paradigm

Free Operant Paradigm

Skinner’s idea…

Why?
To automate data collection (a part of reasons)

A side effect?
Controlled its own rate of responding.



FREE OPERANT CONDITIONING
BEHAVIORAL PROCESSES | 171

Skinner also devised a cage—now commonly called a Skinner box—with 
a trough in one wall through which food could be delivered automatically 
(Figure 5.2a). The box contained a mechanism, such as a lever or a pressure-
sensitive disk, that controlled the delivery of food. When the animal pressed the 
lever or tapped the disk, food dropped into the trough. As the animal explored 
its cage, eventually it would accidentally manipulate the lever or disk and receive 
the food. Over time, as animals learned the relationship between response R 
(pressing the lever or disk) and outcome O (obtaining food), they would dramat-
ically increase their rate of responding. The process of providing an outcome 
for a behavior that increases the probability of that behavior is called reinforce-
ment. The opposite process would occur if the outcome were, for example, an 
electric shock; formally, punishment is the process of providing outcomes for a 
behavior that decrease the probability of that behavior. 

Figure 5.2 Operant con-
ditioning (a) A Skinner box, in 
which lever-press responses are 
reinforced by delivery of food into 
a food cup. (b) Hypothetical data 
illustrating learning by a rat in a 
Skinner box, shown as the mean 
response rate during a 26- minute 
experiment. During the first 
13 minutes (acquisition phase), 
lever presses are reinforced 
by food delivery, so the rate of 
responses per minute increases. 
During the last 13 minutes 
(extinction phase), lever presses 
are no longer  reinforced by food 
delivery, so the rate of responding 
decreases. (c) A cumulative record 
of the data in (b). (d) In the cumu-
lative record, the steep upward 
slope in the first half of the experi-
ment reflects the increased rate 
of responding (acquisition); the 
flattened slope in the second half 
shows the rate of responding is 
petering out ( extinction).
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COMPONENTS OF THE LEARNED ASSOCIATION

S, R and O

What are the

Stimuli

Response

Outcome
?

Whistle

Run

Good start!
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PIGEONS ARE NOT DUMB.
THEY ARE CLEVER!
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As the S-R-O notation suggests, the stimulus is the first part of the 
chain that triggers the response and leads to the outcome. Sometimes, 
the S-R association is so strong that the stimulus S seems to evoke the 
learned response R automatically no matter what other options are 
available. In one striking example, well-trained rats in a familiar maze 
ran right through a pile of food on their way to the goal box (Stoltz 
& Lott, 1964). Apparently, the discriminative stimulus of the maze 
environment S was so strongly associated with the maze-running 
response R that unexpected food encountered along the way couldn’t 
disrupt the S-R association. Such behavior is sometimes called a habit 
slip. People exhibit habit slips all the time, particularly when drowsy 
or distracted. Perhaps you’ve started making a phone call and mis-
takenly dialed a familiar number (your best friend or your mother) 
instead of the number you intended to dial, or perhaps you’ve awoken 
bright and early one morning and started dressing for class only to 
realize it’s a weekend and you can stay in bed.

Habit slips aren’t the only occasions on which organisms some-
times make seemingly irrational responses to discriminative stimuli. 
In one study, hungry pigeons in a Skinner box were first trained to 
peck at a lighted disk to obtain access to grain in a feeder. The box also contained 
a little food cup that was initially empty. But after the pecking response was well 
learned, the cup was filled with grain. You might expect that the pigeons would 
now ignore the disk and instead gorge on the free grain. Instead, as Figure 5.3 
shows, the pigeons continued to peck vigorously to obtain grain from the feeder. 
Although they did sometimes eat free grain from the cup, they got most of their 
food by pecking for it (Neuringer, 1969). Rats that have been trained to press a 
lever to obtain food show a similar behavior: they will often continue to work to 
obtain food in preference to eating identical food from a freely available source 
(Neuringer, 1969; Stephens, Metze, & Craig, 1975). This behavior has been nick-
named the Protestant ethic effect because it echoes the religious precept that rewards 
should be earned and that hard workers are morally superior to freeloaders.

Children, too, show the Protestant ethic effect. In one study, children sat 
at one end of a large box with a lever that they could press to obtain marbles; 
they were instructed to obtain as many marbles as possible because the marbles 
could be exchanged for a toy later. After the children obtained five marbles this 
way, the experimenter seated them at the other end of the box, where marbles 
occasionally dropped into a tray without requiring any lever pressing. The chil-
dren were then allowed to choose where to sit. Most of the children spent the 
majority of their time sitting in front of the lever and “working” for marbles 
rather than sitting at the other end of the box and simply collecting the marbles 
as they appeared (Singh, 1970). Just like habit slips, the Protestant ethic effect 
shows how strongly discriminative stimuli can evoke the associated responses, 
overruling other possible behaviors.

Responses
In operant conditioning, the organism learns to make a specific response to 
achieve (or avoid) a particular outcome. A response is defined not by a particular 
pattern of motor actions, however, but by the outcome it produces. For example, 
a rat in a Skinner box may receive access to food when it presses a lever:

S (lever in box)  R (press lever)  O (get food)
As long as the lever is pressed, the food arrives—whether the rat presses the 
lever with its left front paw, its right front paw, or even its nose—anything that 
 depresses the lever enough to trigger the food delivery device. In another  example, 
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per day
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Figure 5.3 The Protestant 
ethic effect Pigeons were first 
trained to peck at a lighted disk; 
pecking responses were reinforced 
with access to grain in a feeder. 
During training, there was also an 
empty food cup in the chamber. 
Later, the cup was filled with 
grain. Despite the presence of 
freely available food in the cup, 
pigeons continued to peck just as 
vigorously to obtain grain from the 
feeder. 
[Adapted from Neuringer, 1969.]
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named the Protestant ethic effect because it echoes the religious precept that rewards 
should be earned and that hard workers are morally superior to freeloaders.

Children, too, show the Protestant ethic effect. In one study, children sat 
at one end of a large box with a lever that they could press to obtain marbles; 
they were instructed to obtain as many marbles as possible because the marbles 
could be exchanged for a toy later. After the children obtained five marbles this 
way, the experimenter seated them at the other end of the box, where marbles 
occasionally dropped into a tray without requiring any lever pressing. The chil-
dren were then allowed to choose where to sit. Most of the children spent the 
majority of their time sitting in front of the lever and “working” for marbles 
rather than sitting at the other end of the box and simply collecting the marbles 
as they appeared (Singh, 1970). Just like habit slips, the Protestant ethic effect 
shows how strongly discriminative stimuli can evoke the associated responses, 
overruling other possible behaviors.

Responses
In operant conditioning, the organism learns to make a specific response to 
achieve (or avoid) a particular outcome. A response is defined not by a particular 
pattern of motor actions, however, but by the outcome it produces. For example, 
a rat in a Skinner box may receive access to food when it presses a lever:

S (lever in box)  R (press lever)  O (get food)
As long as the lever is pressed, the food arrives—whether the rat presses the 
lever with its left front paw, its right front paw, or even its nose—anything that 
 depresses the lever enough to trigger the food delivery device. In another  example, 
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Figure 5.3 The Protestant 
ethic effect Pigeons were first 
trained to peck at a lighted disk; 
pecking responses were reinforced 
with access to grain in a feeder. 
During training, there was also an 
empty food cup in the chamber. 
Later, the cup was filled with 
grain. Despite the presence of 
freely available food in the cup, 
pigeons continued to peck just as 
vigorously to obtain grain from the 
feeder. 
[Adapted from Neuringer, 1969.]
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Also humans do!!!

What’s your own example of habit slip?



RESPONSE
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Skinner also devised a cage—now commonly called a Skinner box—with 
a trough in one wall through which food could be delivered automatically 
(Figure 5.2a). The box contained a mechanism, such as a lever or a pressure-
sensitive disk, that controlled the delivery of food. When the animal pressed the 
lever or tapped the disk, food dropped into the trough. As the animal explored 
its cage, eventually it would accidentally manipulate the lever or disk and receive 
the food. Over time, as animals learned the relationship between response R 
(pressing the lever or disk) and outcome O (obtaining food), they would dramat-
ically increase their rate of responding. The process of providing an outcome 
for a behavior that increases the probability of that behavior is called reinforce-
ment. The opposite process would occur if the outcome were, for example, an 
electric shock; formally, punishment is the process of providing outcomes for a 
behavior that decrease the probability of that behavior. 

Figure 5.2 Operant con-
ditioning (a) A Skinner box, in 
which lever-press responses are 
reinforced by delivery of food into 
a food cup. (b) Hypothetical data 
illustrating learning by a rat in a 
Skinner box, shown as the mean 
response rate during a 26- minute 
experiment. During the first 
13 minutes (acquisition phase), 
lever presses are reinforced 
by food delivery, so the rate of 
responses per minute increases. 
During the last 13 minutes 
(extinction phase), lever presses 
are no longer  reinforced by food 
delivery, so the rate of responding 
decreases. (c) A cumulative record 
of the data in (b). (d) In the cumu-
lative record, the steep upward 
slope in the first half of the experi-
ment reflects the increased rate 
of responding (acquisition); the 
flattened slope in the second half 
shows the rate of responding is 
petering out ( extinction).
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Response?

Then, what are the varieties of responses?

Researchers and animal trainers rarely rely on accidents…
They use a process called shaping!

How can you use the ’shaping’ to train the rat in Skinner box?
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Skinner also devised a cage—now commonly called a Skinner box—with 
a trough in one wall through which food could be delivered automatically 
(Figure 5.2a). The box contained a mechanism, such as a lever or a pressure-
sensitive disk, that controlled the delivery of food. When the animal pressed the 
lever or tapped the disk, food dropped into the trough. As the animal explored 
its cage, eventually it would accidentally manipulate the lever or disk and receive 
the food. Over time, as animals learned the relationship between response R 
(pressing the lever or disk) and outcome O (obtaining food), they would dramat-
ically increase their rate of responding. The process of providing an outcome 
for a behavior that increases the probability of that behavior is called reinforce-
ment. The opposite process would occur if the outcome were, for example, an 
electric shock; formally, punishment is the process of providing outcomes for a 
behavior that decrease the probability of that behavior. 

Figure 5.2 Operant con-
ditioning (a) A Skinner box, in 
which lever-press responses are 
reinforced by delivery of food into 
a food cup. (b) Hypothetical data 
illustrating learning by a rat in a 
Skinner box, shown as the mean 
response rate during a 26- minute 
experiment. During the first 
13 minutes (acquisition phase), 
lever presses are reinforced 
by food delivery, so the rate of 
responses per minute increases. 
During the last 13 minutes 
(extinction phase), lever presses 
are no longer  reinforced by food 
delivery, so the rate of responding 
decreases. (c) A cumulative record 
of the data in (b). (d) In the cumu-
lative record, the steep upward 
slope in the first half of the experi-
ment reflects the increased rate 
of responding (acquisition); the 
flattened slope in the second half 
shows the rate of responding is 
petering out ( extinction).
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1. Near the food tray => experimenter drops in a piece of food.
2. Near the lever
3. Touching the lever
4. Pressing down on the lever

Same with NHP training!



RESPONSE – CHAINING

Animals are gradually trained to execute complicated sequences of discrete responses.
BEHAVIORAL PROCESSES | 175

Memory in Everyday Life” below, for more on how sniffer 
dogs are trained).

A related technique is chaining, in which organisms are 
gradually trained to execute complicated sequences of discrete 
responses. Skinner once trained a rat to pull a string that 
released a marble, then to pick up the marble with its fore-
paws, carry it over to a tube, and drop the marble inside the 
tube (Skinner, 1938). Skinner couldn’t have trained such a 
complex sequence of responses all at once. Instead, he added 
“links” to the chain of learned responses one at a time: he 
first trained the rat to pull the string, then trained it to pull 
the string and pick up the marble, and so on. Sometimes, it is 
more effective to train the steps in reverse order, in a process 
called backward chaining: first train the rat to drop the marble 
in the tube, then train the rat to carry the marble to the tube 
and drop it in, and so on. At each stage, the rat must perform a progressively longer 
sequence of responses to gain its food.

Chaining is a useful technique for training humans, too. Workers learning to 
manufacture items are often taught the process one step at a time (Walls, Zane, 
& Ellis, 1981), trainee pilots may master landing sequences by practicing pro-
gressively longer sequences on a flight simulator (Wightman & Sistrunk, 1987), 
and budding pianists may learn keyboard techniques starting with one or two 
fingers, then one hand, and finally both hands (Ash & Holding, 1990).

If you’ve traveled by air in the last few 
years, then your luggage has probably 
been inspected by specially trained 

sniffer dogs, now commonly used at air-
ports and border crossings to help authori-
ties detect smuggled drugs, explosives, and 
other illegal substances. Rescue workers 
also use trained dogs at disaster sites 
to help locate human remains or trapped 
survivors. In airports, the sniffer dogs can 
search baggage in a fraction of the time it 
would take a human, without requiring any 
high-tech machinery. And the dogs aren’t 
only fast, they’re sensitive: they can detect 
faint odors even if the target substance 
is sealed inside plastic or smeared with 
chocolate to disguise the scent. 

So how are sniffer dogs taught their 
jobs? By the basic principles of operant 
conditioning. Training usually starts with 
positive reinforcement, in which a puppy 
learns to fetch a toy to obtain a reward 
such as playtime with the trainer, which 

most dogs find highly enjoyable. Then 
the toy is doused with the scent of explo-
sives or drugs—whatever the dog will 
be trained to detect. Each time the dog 
retrieves the toy and gets a rewarding 
bout of playtime, the association between 
odor, retrieval, and reward is strength-
ened. As training continues, the dog may 
be required to sniff out other objects 
doused with the same odor so that the 
dog learns to retrieve any object with the 
target scent. Still later, a verbal command 
may be added (“Go find!”) to indicate that 
the dog is to begin searching. At this point, 
the verbal command acts as a discrimina-
tive stimulus:

S (“Go find!”) S (“Go find!”)  R (find an object with  R (find an object with 
target scent) target scent)  O (playtime) O (playtime)
As training continues, a new response 

may be shaped so that instead of retriev-
ing the scented object, the dog simply sits 
when the odor is detected. This allows 
the dog to discreetly signal to the handler, 

who can then take appropriate action 
without unnecessarily alerting passersby.

The exact number of sniffer dogs cur-
rently in use at U.S. airports and the 
exact fashion in which they are deployed 
is considered sensitive information, but a 
December 2009 report from CNN.com esti-
mated that about 700 bomb-sniffing dogs 
were employed at U.S. airports at that time 
(Conder & Finnstrom, 2009), and the 2011 
budget of the Department of Homeland 
Security requested support for 275 addi-
tional teams to be distributed among 94 
airports. The dogs’ record isn’t perfect: 
now and then the news media report that 
an airport has been shut down for several 
hours after a false alarm by a sniffer dog 
or that sniffer dogs failed to distinguish 
the scents of explosive materials in a 
series of planned tests. On the other hand, 
advocates believe that the dogs provide an 
effective and cost-efficient layer of security 
in the screening process.

LEARNING AND MEMORY IN EVERYDAY LIFE

Bomb-Detecting Dogs

Twiggy is a squirrel who water-skis 
behind a miniature remote- controlled 
speedboat at a water park in Florida. 
How do you think she was trained to 
do this trick?
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Memory in Everyday Life” below, for more on how sniffer 
dogs are trained).

A related technique is chaining, in which organisms are 
gradually trained to execute complicated sequences of discrete 
responses. Skinner once trained a rat to pull a string that 
released a marble, then to pick up the marble with its fore-
paws, carry it over to a tube, and drop the marble inside the 
tube (Skinner, 1938). Skinner couldn’t have trained such a 
complex sequence of responses all at once. Instead, he added 
“links” to the chain of learned responses one at a time: he 
first trained the rat to pull the string, then trained it to pull 
the string and pick up the marble, and so on. Sometimes, it is 
more effective to train the steps in reverse order, in a process 
called backward chaining: first train the rat to drop the marble 
in the tube, then train the rat to carry the marble to the tube 
and drop it in, and so on. At each stage, the rat must perform a progressively longer 
sequence of responses to gain its food.

Chaining is a useful technique for training humans, too. Workers learning to 
manufacture items are often taught the process one step at a time (Walls, Zane, 
& Ellis, 1981), trainee pilots may master landing sequences by practicing pro-
gressively longer sequences on a flight simulator (Wightman & Sistrunk, 1987), 
and budding pianists may learn keyboard techniques starting with one or two 
fingers, then one hand, and finally both hands (Ash & Holding, 1990).

If you’ve traveled by air in the last few 
years, then your luggage has probably 
been inspected by specially trained 

sniffer dogs, now commonly used at air-
ports and border crossings to help authori-
ties detect smuggled drugs, explosives, and 
other illegal substances. Rescue workers 
also use trained dogs at disaster sites 
to help locate human remains or trapped 
survivors. In airports, the sniffer dogs can 
search baggage in a fraction of the time it 
would take a human, without requiring any 
high-tech machinery. And the dogs aren’t 
only fast, they’re sensitive: they can detect 
faint odors even if the target substance 
is sealed inside plastic or smeared with 
chocolate to disguise the scent. 

So how are sniffer dogs taught their 
jobs? By the basic principles of operant 
conditioning. Training usually starts with 
positive reinforcement, in which a puppy 
learns to fetch a toy to obtain a reward 
such as playtime with the trainer, which 

most dogs find highly enjoyable. Then 
the toy is doused with the scent of explo-
sives or drugs—whatever the dog will 
be trained to detect. Each time the dog 
retrieves the toy and gets a rewarding 
bout of playtime, the association between 
odor, retrieval, and reward is strength-
ened. As training continues, the dog may 
be required to sniff out other objects 
doused with the same odor so that the 
dog learns to retrieve any object with the 
target scent. Still later, a verbal command 
may be added (“Go find!”) to indicate that 
the dog is to begin searching. At this point, 
the verbal command acts as a discrimina-
tive stimulus:

S (“Go find!”) S (“Go find!”)  R (find an object with  R (find an object with 
target scent) target scent)  O (playtime) O (playtime)
As training continues, a new response 

may be shaped so that instead of retriev-
ing the scented object, the dog simply sits 
when the odor is detected. This allows 
the dog to discreetly signal to the handler, 

who can then take appropriate action 
without unnecessarily alerting passersby.

The exact number of sniffer dogs cur-
rently in use at U.S. airports and the 
exact fashion in which they are deployed 
is considered sensitive information, but a 
December 2009 report from CNN.com esti-
mated that about 700 bomb-sniffing dogs 
were employed at U.S. airports at that time 
(Conder & Finnstrom, 2009), and the 2011 
budget of the Department of Homeland 
Security requested support for 275 addi-
tional teams to be distributed among 94 
airports. The dogs’ record isn’t perfect: 
now and then the news media report that 
an airport has been shut down for several 
hours after a false alarm by a sniffer dog 
or that sniffer dogs failed to distinguish 
the scents of explosive materials in a 
series of planned tests. On the other hand, 
advocates believe that the dogs provide an 
effective and cost-efficient layer of security 
in the screening process.

LEARNING AND MEMORY IN EVERYDAY LIFE

Bomb-Detecting Dogs

Twiggy is a squirrel who water-skis 
behind a miniature remote- controlled 
speedboat at a water park in Florida. 
How do you think she was trained to 
do this trick?
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This is also useful to human.
Workers learning to manufacture items 
are often taught the process on step at a 
time.



REINFORCERS

A reinforcer is a consequence of behavior that leads to increased likelihood of that behavior in the future.

1. Primary reinforcers: Food, water, sleep and sex
2. Secondary reinforcers: which have no intrinsic value but that have been paired with primary reinforcers.

Primary reinforcer? Secondary reinforcer?



WHAT’S THE REINFORCER?

“You can watch TV after you’ve finished your homework!”



REINFORCER: NEGATIVE CONTRAST

Negative contrast: organisms given a 
less preferred reinforcer in place of an 
expected and preferred reinforcer will 
respond less strongly for the less 
preferred reinforcer than if the had 
been given that less preferred 
reinforcer all along.
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(Pryor, Haag, & O’Reilly, 1969). Horse trainers often use a similar technique, 
pairing a clicking noise with oats and then eventually using the clicking noise 
alone (Skinner, 1951). In both cases, as long as the secondary reinforcer is occa-
sionally followed by food, the behavior is maintained.

Secondary reinforcers are particularly useful in animal training because the ani-
mal trainer can deliver clicker reinforcement immediately without waiting till the 
trick is finished; the more quickly the response is followed by reinforcement, the 
more effective the reinforcement is. Another benefit of secondary reinforcers is that, 
although animals will not work for food unless they’re hungry, they—like money-
seeking humans—may continue to work indefinitely for secondary reinforcers. 

The standard explanation of secondary reinforcement is that, by virtue of being 
paired with a primary reinforcer (such as food), secondary reinforcers (such as the 
clicker) became reinforcers themselves, which the organism will work to obtain. 
Some evidence supports this view. However, other research suggests that animals 
aren’t “fooled” into thinking that the secondary reinforcers are worth working to 
obtain; rather, the secondary reinforcers provide informational feedback or “sign-
posts” that behavior is on the right track for obtaining the primary reinforcer: 
“Keep executing this response, and you’ll eventually get food” (Shahan, 2010). 
This is similar to the behavior of a prison inmate who completes chores not 
because he is particularly motivated to obtain tokens per se, but because he knows 
that the acquisition of tokens is a way to obtain things that he does like.

The story doesn’t end with primary and secondary reinforcers. As you’ll read 
below, later experiments showed that the definition of reinforcer must even be 
extended to include the opportunity to engage in various activities: for example, 
when Becky’s parents tell her, “You can watch TV after you’ve finished your 
homework,” the opportunity to watch TV becomes a reinforcer for the behavior 
of completing homework.

Although many things can function as reinforcers, the identity of the reinforcer 
does matter. The organism learns that response R results not just in any random 
outcome but in a particular outcome O. A switch in the outcome may produce 
a change in responding. For example, hungry deer will eat food pellets strongly 
flavored with tannin, a bitter taste that they normally dislike, but deer that first 
eat from a bowl of weakly flavored pellets and are then switched to a bowl with 
the strongly flavored pellets eat less from the second bowl than deer that had been 
given the strongly flavored pellets all along (Bergvall, Rautio, Luotola, & Leimar, 
2007). Similarly, while rats can be trained to make lever-press responses to obtain 
either food pellets or water sweetened with sucrose, they tend to prefer the latter. 
If the sweetened water is used as the reinforcer during the first half of each train-
ing session and food pellets as the reinforcer during the second half of each ses-
sion, rats typically make many more responses during the first half of the session 
(Weatherly, Plumm, Smith, & Roberts, 2002). These phenomena are examples of 
negative contrast: organisms given a less preferred reinforcer in 
place of an expected and preferred reinforcer will respond less 
strongly for the less preferred reinforcer than if they had been 
given that less preferred reinforcer all along (Flaherty, 1982).

Negative contrast can be observed in humans, too. In one 
classic study, infants would suck a nipple providing either 
plain water or sweetened water, but the sweetened water 
(Figure 5.4, dark green line) elicited a higher rate of respond-
ing than plain water (light green line). Thus, sweetened water 
was a preferred reinforcer. If infants were started on sweetened 
water for the first session, then switched to plain water in ses-
sion 2, the sucking response plummeted (red line)—so that 
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Sweetened,
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Figure 5.4 The nega-
tive contrast effect A normally 
acceptable reinforcer elicits less 
responding if a preferred reinforcer 
is expected: human infants will 
suck at a higher rate for sucrose-
sweetened water (dark green) 
than for plain water (light green), 
indicating that sweetened water is 
a preferred reinforcer. But infants 
who receive sweetened water in 
session 1 and are then switched to 
plain water in session 2 (red line) 
will suck less vigorously in session 
2 than the infants who received 
plain water all along. 
[Data from Kobre and Lipsitt, 1972.]
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(Pryor, Haag, & O’Reilly, 1969). Horse trainers often use a similar technique, 
pairing a clicking noise with oats and then eventually using the clicking noise 
alone (Skinner, 1951). In both cases, as long as the secondary reinforcer is occa-
sionally followed by food, the behavior is maintained.

Secondary reinforcers are particularly useful in animal training because the ani-
mal trainer can deliver clicker reinforcement immediately without waiting till the 
trick is finished; the more quickly the response is followed by reinforcement, the 
more effective the reinforcement is. Another benefit of secondary reinforcers is that, 
although animals will not work for food unless they’re hungry, they—like money-
seeking humans—may continue to work indefinitely for secondary reinforcers. 

The standard explanation of secondary reinforcement is that, by virtue of being 
paired with a primary reinforcer (such as food), secondary reinforcers (such as the 
clicker) became reinforcers themselves, which the organism will work to obtain. 
Some evidence supports this view. However, other research suggests that animals 
aren’t “fooled” into thinking that the secondary reinforcers are worth working to 
obtain; rather, the secondary reinforcers provide informational feedback or “sign-
posts” that behavior is on the right track for obtaining the primary reinforcer: 
“Keep executing this response, and you’ll eventually get food” (Shahan, 2010). 
This is similar to the behavior of a prison inmate who completes chores not 
because he is particularly motivated to obtain tokens per se, but because he knows 
that the acquisition of tokens is a way to obtain things that he does like.

The story doesn’t end with primary and secondary reinforcers. As you’ll read 
below, later experiments showed that the definition of reinforcer must even be 
extended to include the opportunity to engage in various activities: for example, 
when Becky’s parents tell her, “You can watch TV after you’ve finished your 
homework,” the opportunity to watch TV becomes a reinforcer for the behavior 
of completing homework.

Although many things can function as reinforcers, the identity of the reinforcer 
does matter. The organism learns that response R results not just in any random 
outcome but in a particular outcome O. A switch in the outcome may produce 
a change in responding. For example, hungry deer will eat food pellets strongly 
flavored with tannin, a bitter taste that they normally dislike, but deer that first 
eat from a bowl of weakly flavored pellets and are then switched to a bowl with 
the strongly flavored pellets eat less from the second bowl than deer that had been 
given the strongly flavored pellets all along (Bergvall, Rautio, Luotola, & Leimar, 
2007). Similarly, while rats can be trained to make lever-press responses to obtain 
either food pellets or water sweetened with sucrose, they tend to prefer the latter. 
If the sweetened water is used as the reinforcer during the first half of each train-
ing session and food pellets as the reinforcer during the second half of each ses-
sion, rats typically make many more responses during the first half of the session 
(Weatherly, Plumm, Smith, & Roberts, 2002). These phenomena are examples of 
negative contrast: organisms given a less preferred reinforcer in 
place of an expected and preferred reinforcer will respond less 
strongly for the less preferred reinforcer than if they had been 
given that less preferred reinforcer all along (Flaherty, 1982).

Negative contrast can be observed in humans, too. In one 
classic study, infants would suck a nipple providing either 
plain water or sweetened water, but the sweetened water 
(Figure 5.4, dark green line) elicited a higher rate of respond-
ing than plain water (light green line). Thus, sweetened water 
was a preferred reinforcer. If infants were started on sweetened 
water for the first session, then switched to plain water in ses-
sion 2, the sucking response plummeted (red line)—so that 
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Figure 5.4 The nega-
tive contrast effect A normally 
acceptable reinforcer elicits less 
responding if a preferred reinforcer 
is expected: human infants will 
suck at a higher rate for sucrose-
sweetened water (dark green) 
than for plain water (light green), 
indicating that sweetened water is 
a preferred reinforcer. But infants 
who receive sweetened water in 
session 1 and are then switched to 
plain water in session 2 (red line) 
will suck less vigorously in session 
2 than the infants who received 
plain water all along. 
[Data from Kobre and Lipsitt, 1972.]
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PUNISHRES

Punishers: consequences of a behavior that lead to decreased likelihood of that behavior in the future.

Common punishers for animals?

Common punishers for humans?

Pain, noises, exposure to predators.

Monetary fines, social disapproval, and jail time…

What’s the effect?

만화위인전: 백범김구중에서



FOUR OF THE MOST IMPORTANT FACTORS IN 
PUNISHMENT

1. Discriminative stimuli for punishment can encourage cheating.
2. Concurrent reinforcement can undermine the punishment.
3. Punishment leads to more variable behavior.
4. Initial intensity matters.

An example of a speeding driver…
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in  behavior as the organism explores other possible responses. That’s okay if 
the primary goal is simply to eliminate an undesired response (such as training 
a child not to go near a hot stove). But it’s not a particularly good way to train 
desired behaviors. If the goal of conditioning is to shape behavior in a prede-
termined way, then reinforcing the desired response generally produces much 
faster learning than simply punishing alternate, undesired responses.
4. Initial intensity matters. Punishment is most effective if a strong  punisher 
is used from the outset. In one study, rats received a shock as they ran through 
a maze to the goal box (Brown, 1969). The shock was initially delivered at the 
lowest intensities (1 or 2 volts) and had little effect on behavior. Gradually, 
across several days, shock intensity increased to 40 volts. Behavior was  essentially 
 unaffected, even though naive rats given a 40-volt shock would stop running 
immediately. Apparently, early weak shocks made rats insensitive to later, stron-
ger ones. The effectiveness of the strong shock was completely undermined by 
starting weak and working up from there. 

Unfortunately, the principle of intense punishment for a first offense often 
conflicts with our sense of what is appropriate and fair. Instead, humans have 
a tendency to start with a mild punisher and work up to more intense punish-
ments for repeated offenses. A child who misbehaves in class may first receive a 
warning, then a scolding, then detention, then expulsion. The expulsion, when 
it comes, may be much less effective at deterring future misbehavior because of 
the prior, milder punishments. Similarly, a speeding driver may not be deterred 
much by a hefty $500 ticket if he is already accustomed to paying lesser fines. 
In each case, the prior weak punishers may undermine the effectiveness of the 
severe punisher when it finally comes. (See “Learning and Memory in Everyday 
Life” below for more discussion of the problems with punishment.)

In the United States, 94% of parents of 
toddlers report that they use spanking 
or other forms of physical punishment 

to discourage unwanted behaviors (Kazdin 
& Benjet, 2003). There is no question 
that physical punishment is an effective 
technique for reducing the frequency of an 
unwanted response. Spanking is a form of 
punishment that even a very young child can 
understand, and it can effectively modify 
behavior.

But physical punishment is controver-
sial. Many people believe that hitting a 
child is never justifiable. Some studies have 
suggested that children who are spanked 
can develop emotional problems, includ-
ing aggression and stress (Gershoff, 2002), 
although other studies have found that occa-
sional mild spanking does not cause any last-
ing harm (Baumrind, 2002; Larzelere, 2000). 

Parents who want to avoid spanking have 
other options. Punishment does not have to 
cause physical pain to be effective. Scolding 
is a form of punishment that does not cause 
physical harm; other methods are time-out, 
grounding, and withholding of allowance. 

But there is still the problem that punish-
ment is hard to apply effectively. Let’s take 
a hypothetical example. Shawn has two 
busy working parents, and he has to com-
pete with his older siblings for the parents’ 
attention. When Shawn is well behaved, 
his siblings tend to get most of the parental 
attention, but when Shawn breaks china, 
fights with his brothers, or causes trouble 
at school, the parental spotlight shines 
on him. Although they may think they are 
punishing Shawn, his parents are actually 
reinforcing his bad behavior by giving him 
attention when he misbehaves. 

What’s to be done? For one thing, 
Shawn’s parents should punish unwanted 
behavior with a minimum of fuss so that 
the offender gets less attention—and less 
reinforcement—for it. They can also reduce 
unwanted behavior by differential reinforce-
ment of alter native behaviors, particularly 
behaviors that are incompatible with the 
undesired ones. If the child has a choice 
between performing a behavior that will 
result in reinforcement and performing one 
that will result in punishment, the reinforced 
behavior should win out. This means that 
Shawn’s parents have to commit the extra 
time and effort to pay more attention to their 
youngest child, not just punishing him when 
he’s bad but rewarding him when he’s good. 
The payoff may be a well-behaved child and 
a happier family while avoiding many of the 
problems of punishment.

LEARNING AND MEMORY IN EVERYDAY LIFE

The Problem with Punishment
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What’re the side effects of spanking?
How can you explain the example of Shawn with concurrent reinforcement theory? 
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Reinforcement schedules

The rules determining when outcomes are delivered in an experiment are called 
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Putting It All Together: Building the S-R-O 
 Association
Now that you’ve learned about stimulus, response, and outcome in some detail, 
let’s explore the ways they can be arranged. An ex perimenter can vary several 
factors: the temporal spacing between S and R and O, whether the outcome is 
added or subtracted following the response, and even the regularity with which 
the outcome follows the response.  The rules determining when outcomes are 
delivered in an experiment are called reinforcement schedules.

Timing Affects Learning
In most of the operant-conditioning examples presented so far, the outcome 
(reinforcer or punisher) has immediately followed the response. For example, 
as soon as the rat presses a lever, food drops into the Skinner box; as soon as a 
dolphin executes a trick, the trainer provides whistle reinforcement; as soon as 
Becky teases her sister, her parents scold her.

Normally, immediate outcomes produce the fastest learning. This principle—
that operant conditioning is faster if the R-O interval is short—is similar to the 
principle of temporal contiguity in classical conditioning, which you read about 
in Chapter 4. In classical conditioning, learning is fastest when the CS and US 
are closely related in time. Similarly, in operant conditioning, if there is a signifi-
cant delay between response and reinforcement, learning decreases. If there is 
no delay, then the odds are good that the most recent behavior will be identified 
as the response that caused the outcome. But if there is a long delay, it is more 
likely that other behaviors have crept in during the interval; now these are more 
likely to be associated with the outcome. To illustrate this idea, Figure 5.5 shows 
that rats learn a lever-pressing task quickly when the delay between response 
and food delivery is 0 seconds but are slower to learn the association if the delay 
is 4 seconds; if the delay is 10 seconds, there seems to be little learning at all 
(Schlinger & Blakely, 1994).

Temporal contiguity of response and outcome also has an impact on the 
effectiveness of punishment. Punishers are most effective if there is no delay 
between response and outcome. A dog is more easily housebroken if punished 
for each accident on the rug immediately after it occurs; if the dog’s owner 
doesn’t find the evidence until a few hours later, the dog will probably not asso-
ciate the punishment with the earlier accident, and so the punishment will be 
much less effective. 

Human society often employs delayed punishment. Criminals may not come 
to trial—much less serve their sentence—until months or years after committing 
the crime. A middle school student who misbehaves in the morning and receives 

200 
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Cumulative 
responses 

Training time (in minutes)
20 40 60 

0-sec delay

4-sec delay

10-sec delay

Figure 5.5 The delay 
between response and out-
come affects speed of learning 
Rats were trained to lever-press, 
with food reinforcement delivered 
immediately or after a short delay. 
Rats learned more quickly with no 
delay than with 4-second delays, 
and rats with 10-second delays 
hardly ever pressed the lever, as 
indicated by a nearly flat cumula-
tive response curve. 
[Adapted from Schlinger & Blakely, 1994.]
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TIME LAG

The time lag between response and outcome is an important factor in self-control,

Button A => immediate food reinforcement
Or
Button B => a larger food reinforcement that arrives 6 seconds later

an organism’s willingness to forgo a small immediate reward in favor of a larger future reward.

Which one does a pigeon choose more?
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detention after school experiences a delay of several hours between response 
and outcome. These delays undermine the punishment’s effectiveness, and may 
weaken learning.

The time lag between response and outcome is an important factor in self-
control, an organism’s willingness to forgo a small immediate reward in favor 
of a larger future reward. For example, suppose a pigeon can choose to peck 
at one key for a small, immediate food reinforcement or at a second key for 
a larger food reinforcement that arrives 6 seconds later. Under these circum-
stances, pigeons almost always choose the small, immediate reinforcement—
even though overall, they obtain less food this way (Green, Fischer, Perlow, & 
Sherman, 1981).

The same trade-off occurs in humans: it is easy to convince a student to 
study if a test is coming up tomorrow; it is harder if the exam is not for 5 weeks. 
The delay between response (studying) and reinforcement (good grade) makes 
the reinforcement less effective in eliciting the response. Similarly, one reason 
a weight-loss diet is difficult to maintain is that, at each meal, the dieter has to 
choose between the immediate reward of a dessert and the delayed reward of 
weight loss.

The ability to wait for a delayed reinforcement differs across individuals and 
across the age span. When asked, “Would you rather receive $500 today or 
$1,000 in one year?” adults in their sixties are likely to choose the larger, delayed 
reward; college students are somewhat less likely to choose the delayed reward; 
and 12-year-olds almost never choose the delayed reward—preferring immedi-
ate gratification (Green, Fry, & Myerson, 1994).

One way of improving an individual’s ability to wait for a reward is to induce 
the person to make a precommitment, that is, to make a choice that is difficult to 
change later. So, for example, a student may be more likely to study early in the 
semester if he joins a weekly study group, in which case he will experience peer 
pressure to attend the group and to study a little each week. A dieter may be less 
likely to cheat on her diet if she first empties the kitchen of chips and ice cream 
so that when the cravings hit, it will be difficult for her to sneak some junk food. 
These precommitments do not make it impossible to get the immediate reward 
(the student can skip a study meeting, and the dieter can drive to the supermar-
ket to buy ice cream), but they make it harder to get the immediate reward, and 
the individual is consequently more likely to stick by an earlier decision to wait 
for the later, larger reward.

Outcomes Can Be Added or Subtracted
Toddler Annie learns that, in the presence of the potty seat (S), emptying her 
bladder (R) will result in the reinforcement of parental praise (O); when S is 
absent, the same response R will result in the punishment of parental disap-
proval (O). Note that in both these examples, the outcome is something “added” 
to Annie’s environment:

S (potty present)  R (emptying bladder)  O (praise)

S (potty absent)  R (emptying bladder)  O ( disapproval)

For that reason, these paradigms are technically called positive reinforce-
ment and positive punishment. Note that here the word “positive” doesn’t 
mean “good”; instead it means “added” in the mathematical sense (like a 
positive number). In positive reinforcement, performance of the response 
causes the reinforcer to be “added” to the environment; in positive punish-
ment, the response must be withheld, or else the punisher is “added” to the 
environment.
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Positive reinforcement Positive punishment

Which is which?

Outcome is added!!
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Negative reinforcement

Outcome is subtracted!!
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But there are also learning situations in which the outcome is taken away from 
or “subtracted” from the environment. In negative reinforcement, behavior is 
encouraged (reinforced) because it causes something to be subtracted from the 
environment. Thus, if you have a headache, you can take aspirin to make the 
headache go away:

S (headache)  R (take aspirin)  O (no more headache)
The net result is that you are more likely to take aspirin again next time you 

have a headache, so this scenario is an example of reinforcement. The outcome, 
though, is not something added but something subtracted: the head ache is 
taken away. Similarly, a rat can be placed in a chamber with an electrified floor 
grid from which it receives electric shocks. The rat can escape these shocks by 
climbing onto a wooden platform. In this case, the response is climbing, and the 
outcome is escape from shock—shock has been subtracted (negative) from the 
rat’s immediate environment:

S (shock)  R (climb)  O (no more shock)
The net result is that the rat is more likely to climb the platform in the future. 

In other words, the climbing response has been reinforced. Because the out-
come involves a subtraction (shock is taken away), this is an example of negative 
reinforcement. Negative reinforcement is sometimes called escape or avoidance 
training because the response causes an escape from, or avoidance of, something 
aversive (such as headache or shock).

Just as behavior can be reinforced by taking bad things away, so behavior 
can be punished by taking good things away. This kind of paradigm is called 
negative punishment because something is subtracted (negative) from the 
 environment, and this subtraction punishes the behavior. Again, as with negative 
reinforcement, the word “negative” does not mean “bad”; it means “subtraction” 
in a mathematical sense. (Negative punishment is also sometimes called omission 
training because the response R results in something being “omitted from” the 
environment.) For example, if Becky displays aggressive behavior toward other 
children during recess, the teacher may make Becky sit by herself while the other 
children play:

S (recess)  R (aggressive behavior)  O (loss of playtime)
The net effect is that Becky may be less likely to display aggressive behavior 

in the future. This kind of negative punishment is sometimes called a “time-
out”: Becky is punished by time away from a normally reinforcing activity. 
Time-outs work only if the activity being restricted is something reinforcing. A 
time-out from an activity the child doesn’t like may actually serve to reinforce, 
rather than reduce, the bad behavior that earned the time-out!

Negative punishment is widely applied in human society: teenagers may be 
grounded for staying out too late, drivers may have their licenses suspended for 
speeding, and people who don’t pay their credit card bills on time may have their 
credit rating reduced, decreasing their ability to get credit in the future. In each 
case, an undesirable behavior is punished by revoking privileges in the hope of 
decreasing the likelihood that such behavior will occur again in the future.

Table 5.1 summarizes the four types of training. Keep in mind that the terms 
“reinforcement” and “punishment” describe whether the response increases (rein-
forcement) or decreases (punishment) as a result of training. The terms “positive” 
and “negative” describe whether the outcome is added (positive) or taken away 
(negative). 

Laboratory experiments often fit neatly into the grid shown in Table 5.1, but 
real life is more complicated. Sometimes it is difficult to determine whether 
an individual is learning because of reinforcement or punishment or both. For 

Gluck2e_CH05NEW.indd   182Gluck2e_CH05NEW.indd   182 10/12/12   10:09 AM10/12/12   10:09 AM



CATEGORY OF REINFORCEMENT LEARNING

Behavior (response)

Outcome

Increase Decrease

Good

Bad

(+)

(-)

(-)

(+)

Positive reinforcement

Negative reinforcement

Negative punishment

Positive punishment
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Table 5.1

Operant conditioning paradigms

Response increases 
( reinforcement)

Response decreases 
( punishment)

Outcome is 
added (positive)

Positive reinforcement

Example: Clean room  get 
weekly allowance

Positive punishment

Example: Tease little sister 
 receive parental scolding

Outcome 
is removed 
 (negative)

Negative reinforcement 
(escape/avoidance training)

Example: Take aspirin  
headache goes away

Negative punishment 
(omission training)

Example: Fight with other 
children  time-out from 
play

Test Your Knowledge

Reinforcement vs. Punishment
It’s easy to confuse the ideas of negative reinforcement, positive punishment, and 
so on, since we often use the words “positive” and “negative” to mean “good” and 
“bad.” Don’t fall into this trap! In operant conditioning, “positive” and “negative” 
mean “added” and “subtracted,” regardless of whether this addition or subtraction 
is pleasant or unpleasant. 

You can determine what kind of paradigm you’re dealing with by asking yourself 
whether the outcome is added to (positive) or subtracted from (negative) the envi-
ronment and whether the outcome causes responding to increase (reinforcement) or 
decrease (punishment). 

Try your hand at the following scenarios, and see if you can tell whether each is 
an example of positive reinforcement, negative reinforcement, positive punishment, 
or negative punishment. For each scenario, ask yourself: (a) Who does the learning? 
(b) What is the stimulus? (c) What is the response? (d) What is the outcome? (e) Is 
the outcome something added or taken away? (f) Does the response increase or 
decrease as a result of learning? (Answers appear in the Answers section in the back 
of the book.)

 1. At the grocery store, 2-year-old Lucy sees candy and wants it. Her mother says 
no, and Lucy starts to cry. The situation quickly escalates into a full-blown temper 
tantrum. Eventually, Lucy’s mother relents and buys Lucy some candy. The next 
time they go shopping, Lucy sees candy and immediately throws another tan-
trum. This time, she obtains the candy quickly. 

 2. An interesting aspect of conditioning is that sometimes more than one person is 
doing the learning. Scenario 1 is presented from Lucy’s point of view. But con-
sider the same story from the mother’s point of view: Susan takes her toddler on 

example, when students study for an exam, are they working to obtain a good 
grade (positive reinforcement) or to avoid flunking (negative reinforcement)? It 
could be either—or both. Similarly, a child who misbehaves may receive both a 
scolding (positive punishment) and a time-out (negative punishment), and both 
considerations may motivate her to keep bad behavior to a minimum.
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Positive: added!
Negative: subtracted!





What’s what?

Positive punishment

Negative reinforcement
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But there are also learning situations in which the outcome is taken away from 
or “subtracted” from the environment. In negative reinforcement, behavior is 
encouraged (reinforced) because it causes something to be subtracted from the 
environment. Thus, if you have a headache, you can take aspirin to make the 
headache go away:

S (headache)  R (take aspirin)  O (no more headache)
The net result is that you are more likely to take aspirin again next time you 

have a headache, so this scenario is an example of reinforcement. The outcome, 
though, is not something added but something subtracted: the head ache is 
taken away. Similarly, a rat can be placed in a chamber with an electrified floor 
grid from which it receives electric shocks. The rat can escape these shocks by 
climbing onto a wooden platform. In this case, the response is climbing, and the 
outcome is escape from shock—shock has been subtracted (negative) from the 
rat’s immediate environment:

S (shock)  R (climb)  O (no more shock)
The net result is that the rat is more likely to climb the platform in the future. 

In other words, the climbing response has been reinforced. Because the out-
come involves a subtraction (shock is taken away), this is an example of negative 
reinforcement. Negative reinforcement is sometimes called escape or avoidance 
training because the response causes an escape from, or avoidance of, something 
aversive (such as headache or shock).

Just as behavior can be reinforced by taking bad things away, so behavior 
can be punished by taking good things away. This kind of paradigm is called 
negative punishment because something is subtracted (negative) from the 
 environment, and this subtraction punishes the behavior. Again, as with negative 
reinforcement, the word “negative” does not mean “bad”; it means “subtraction” 
in a mathematical sense. (Negative punishment is also sometimes called omission 
training because the response R results in something being “omitted from” the 
environment.) For example, if Becky displays aggressive behavior toward other 
children during recess, the teacher may make Becky sit by herself while the other 
children play:

S (recess)  R (aggressive behavior)  O (loss of playtime)
The net effect is that Becky may be less likely to display aggressive behavior 

in the future. This kind of negative punishment is sometimes called a “time-
out”: Becky is punished by time away from a normally reinforcing activity. 
Time-outs work only if the activity being restricted is something reinforcing. A 
time-out from an activity the child doesn’t like may actually serve to reinforce, 
rather than reduce, the bad behavior that earned the time-out!

Negative punishment is widely applied in human society: teenagers may be 
grounded for staying out too late, drivers may have their licenses suspended for 
speeding, and people who don’t pay their credit card bills on time may have their 
credit rating reduced, decreasing their ability to get credit in the future. In each 
case, an undesirable behavior is punished by revoking privileges in the hope of 
decreasing the likelihood that such behavior will occur again in the future.

Table 5.1 summarizes the four types of training. Keep in mind that the terms 
“reinforcement” and “punishment” describe whether the response increases (rein-
forcement) or decreases (punishment) as a result of training. The terms “positive” 
and “negative” describe whether the outcome is added (positive) or taken away 
(negative). 

Laboratory experiments often fit neatly into the grid shown in Table 5.1, but 
real life is more complicated. Sometimes it is difficult to determine whether 
an individual is learning because of reinforcement or punishment or both. For 
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But there are also learning situations in which the outcome is taken away from 
or “subtracted” from the environment. In negative reinforcement, behavior is 
encouraged (reinforced) because it causes something to be subtracted from the 
environment. Thus, if you have a headache, you can take aspirin to make the 
headache go away:

S (headache)  R (take aspirin)  O (no more headache)
The net result is that you are more likely to take aspirin again next time you 

have a headache, so this scenario is an example of reinforcement. The outcome, 
though, is not something added but something subtracted: the head ache is 
taken away. Similarly, a rat can be placed in a chamber with an electrified floor 
grid from which it receives electric shocks. The rat can escape these shocks by 
climbing onto a wooden platform. In this case, the response is climbing, and the 
outcome is escape from shock—shock has been subtracted (negative) from the 
rat’s immediate environment:

S (shock)  R (climb)  O (no more shock)
The net result is that the rat is more likely to climb the platform in the future. 

In other words, the climbing response has been reinforced. Because the out-
come involves a subtraction (shock is taken away), this is an example of negative 
reinforcement. Negative reinforcement is sometimes called escape or avoidance 
training because the response causes an escape from, or avoidance of, something 
aversive (such as headache or shock).

Just as behavior can be reinforced by taking bad things away, so behavior 
can be punished by taking good things away. This kind of paradigm is called 
negative punishment because something is subtracted (negative) from the 
 environment, and this subtraction punishes the behavior. Again, as with negative 
reinforcement, the word “negative” does not mean “bad”; it means “subtraction” 
in a mathematical sense. (Negative punishment is also sometimes called omission 
training because the response R results in something being “omitted from” the 
environment.) For example, if Becky displays aggressive behavior toward other 
children during recess, the teacher may make Becky sit by herself while the other 
children play:

S (recess)  R (aggressive behavior)  O (loss of playtime)
The net effect is that Becky may be less likely to display aggressive behavior 

in the future. This kind of negative punishment is sometimes called a “time-
out”: Becky is punished by time away from a normally reinforcing activity. 
Time-outs work only if the activity being restricted is something reinforcing. A 
time-out from an activity the child doesn’t like may actually serve to reinforce, 
rather than reduce, the bad behavior that earned the time-out!

Negative punishment is widely applied in human society: teenagers may be 
grounded for staying out too late, drivers may have their licenses suspended for 
speeding, and people who don’t pay their credit card bills on time may have their 
credit rating reduced, decreasing their ability to get credit in the future. In each 
case, an undesirable behavior is punished by revoking privileges in the hope of 
decreasing the likelihood that such behavior will occur again in the future.

Table 5.1 summarizes the four types of training. Keep in mind that the terms 
“reinforcement” and “punishment” describe whether the response increases (rein-
forcement) or decreases (punishment) as a result of training. The terms “positive” 
and “negative” describe whether the outcome is added (positive) or taken away 
(negative). 

Laboratory experiments often fit neatly into the grid shown in Table 5.1, but 
real life is more complicated. Sometimes it is difficult to determine whether 
an individual is learning because of reinforcement or punishment or both. For 
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Continuous reinforcement schedules, meaning that each response R is always followed by the outcome O
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But there are also learning situations in which the outcome is taken away from 
or “subtracted” from the environment. In negative reinforcement, behavior is 
encouraged (reinforced) because it causes something to be subtracted from the 
environment. Thus, if you have a headache, you can take aspirin to make the 
headache go away:

S (headache)  R (take aspirin)  O (no more headache)
The net result is that you are more likely to take aspirin again next time you 

have a headache, so this scenario is an example of reinforcement. The outcome, 
though, is not something added but something subtracted: the head ache is 
taken away. Similarly, a rat can be placed in a chamber with an electrified floor 
grid from which it receives electric shocks. The rat can escape these shocks by 
climbing onto a wooden platform. In this case, the response is climbing, and the 
outcome is escape from shock—shock has been subtracted (negative) from the 
rat’s immediate environment:

S (shock)  R (climb)  O (no more shock)
The net result is that the rat is more likely to climb the platform in the future. 

In other words, the climbing response has been reinforced. Because the out-
come involves a subtraction (shock is taken away), this is an example of negative 
reinforcement. Negative reinforcement is sometimes called escape or avoidance 
training because the response causes an escape from, or avoidance of, something 
aversive (such as headache or shock).

Just as behavior can be reinforced by taking bad things away, so behavior 
can be punished by taking good things away. This kind of paradigm is called 
negative punishment because something is subtracted (negative) from the 
 environment, and this subtraction punishes the behavior. Again, as with negative 
reinforcement, the word “negative” does not mean “bad”; it means “subtraction” 
in a mathematical sense. (Negative punishment is also sometimes called omission 
training because the response R results in something being “omitted from” the 
environment.) For example, if Becky displays aggressive behavior toward other 
children during recess, the teacher may make Becky sit by herself while the other 
children play:

S (recess)  R (aggressive behavior)  O (loss of playtime)
The net effect is that Becky may be less likely to display aggressive behavior 

in the future. This kind of negative punishment is sometimes called a “time-
out”: Becky is punished by time away from a normally reinforcing activity. 
Time-outs work only if the activity being restricted is something reinforcing. A 
time-out from an activity the child doesn’t like may actually serve to reinforce, 
rather than reduce, the bad behavior that earned the time-out!

Negative punishment is widely applied in human society: teenagers may be 
grounded for staying out too late, drivers may have their licenses suspended for 
speeding, and people who don’t pay their credit card bills on time may have their 
credit rating reduced, decreasing their ability to get credit in the future. In each 
case, an undesirable behavior is punished by revoking privileges in the hope of 
decreasing the likelihood that such behavior will occur again in the future.

Table 5.1 summarizes the four types of training. Keep in mind that the terms 
“reinforcement” and “punishment” describe whether the response increases (rein-
forcement) or decreases (punishment) as a result of training. The terms “positive” 
and “negative” describe whether the outcome is added (positive) or taken away 
(negative). 

Laboratory experiments often fit neatly into the grid shown in Table 5.1, but 
real life is more complicated. Sometimes it is difficult to determine whether 
an individual is learning because of reinforcement or punishment or both. For 
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S => R R R R R R => O!

Partial reinforcement schedules (or intermittent reinforcement schedules)
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PARTIAL REINFORCEMENT SCHEDULES
– 4 BASIC TYPES

1. Fixed-ratio (FR) schedule: some fixed number of responses must be made before a reinforcer is delivered.
1. Ex) lever press five times to obtain one food pellet
2. Postreinforcement pause
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Figure 5.2c), which is one reason why some researchers continue to display data 
in this format. Figure 5.6a shows the hypothetical behavior of a rat trained to 
respond on an FR 5 schedule: steady response rates leading up to each reinforce-
ment, followed by a brief pause before another round of responding begins in 
order to obtain a new reinforcement.

During the postreinforcement pause, it seems almost as if the animal is paus-
ing to take a breath before its next bout of responding. And in fact, the length 
of the postreinforcement pause is related to the number of responses required 
to obtain the next reinforcement: thus, the postreinforcement pause when an 
animal is on an FR 50 schedule is longer than when the animal is on an FR 5 
schedule. In effect, the rat is behaving like a human teenager who does a short 
chore (say, taking out the trash) the first time his mother asks but procrastinates 
for hours before starting a really time-consuming chore (mowing the lawn).

Examples of fixed-ratio schedules in human life include factory workers who 
get paid a flat fee for every 100 pieces they turn out and migrant farmworkers 
who get paid a fixed amount for every bushel of apples picked. In fact, such 
workers tend to show behavior similar to that of rats on an FR schedule—steady 
bursts of responding followed by postreinforcement pauses: the workers com-
plete a batch, take a few minutes for a coffee break, and then start in again. A 
similar phenomenon occurs in readers, who may complete a chapter or a fixed 
number of pages before putting the book aside. Novelists often try to combat 
this “post reinforcement pause” by ending each chapter with an exciting cliff-
hanger so that readers will keep turning pages to see what happens next.
2. Fixed-interval (FI) schedule. Whereas an FR schedule provides reinforce-
ment after a fixed number of responses, an FI schedule reinforces the first 
response after a fixed amount of time. For example, on an FI 10-sec schedule, the 
rat is reinforced for the first response it makes after an interval of 10 seconds 
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Figure 5.6  
Reinforcement schedules In 
each figure, data show cumula-
tive responding by a hypotheti-
cal rat; arrows indicate food 
delivery (reinforcement). (a) An 
FR 5 schedule (reinforcement 
after every fifth response) 
produces a pattern of steady 
responding leading up to each 
reinforcement, with a short 
postreinforcement pause (flat 
line) following each delivery 
of food. A VR 5 schedule 
(reinforcement after every fifth 
response, on average)  produces 
fast and steady responding, 
with little or no postreinforce-
ment pause—because the 
next response could produce 
another reinforcement. (b) An 
FI 10-sec schedule (reinforce-
ment for the first response 
after a 10-second interval) 
produces a scalloped curve. 
After each postreinforcement 
pause, the response rate grad-
ually increases until the next 
reinforcement arrives. A VI 
10-sec schedule (reinforcement 
for the first response after a 
10- second interval, on average) 
produces steady responding, 
with no postreinforcement 
pause, as the rat keeps check-
ing to see whether a new rein-
forcement is available yet.

What kind of learning is going on 
here?
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https://www.youtube.com/watch?v=fUbbNDAz5y4



PARTIAL REINFORCEMENT SCHEDULES
– 4 BASIC TYPES

2. Fixed-interval (FI) schedule: reinforces the first response after a fixed amount of time.
1. Ex) on an FI 10-sec schedule, the rat is reinforced for the first response it makes 

after an interval of 10 seconds since the last reinforcement. 
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Figure 5.2c), which is one reason why some researchers continue to display data 
in this format. Figure 5.6a shows the hypothetical behavior of a rat trained to 
respond on an FR 5 schedule: steady response rates leading up to each reinforce-
ment, followed by a brief pause before another round of responding begins in 
order to obtain a new reinforcement.

During the postreinforcement pause, it seems almost as if the animal is paus-
ing to take a breath before its next bout of responding. And in fact, the length 
of the postreinforcement pause is related to the number of responses required 
to obtain the next reinforcement: thus, the postreinforcement pause when an 
animal is on an FR 50 schedule is longer than when the animal is on an FR 5 
schedule. In effect, the rat is behaving like a human teenager who does a short 
chore (say, taking out the trash) the first time his mother asks but procrastinates 
for hours before starting a really time-consuming chore (mowing the lawn).

Examples of fixed-ratio schedules in human life include factory workers who 
get paid a flat fee for every 100 pieces they turn out and migrant farmworkers 
who get paid a fixed amount for every bushel of apples picked. In fact, such 
workers tend to show behavior similar to that of rats on an FR schedule—steady 
bursts of responding followed by postreinforcement pauses: the workers com-
plete a batch, take a few minutes for a coffee break, and then start in again. A 
similar phenomenon occurs in readers, who may complete a chapter or a fixed 
number of pages before putting the book aside. Novelists often try to combat 
this “post reinforcement pause” by ending each chapter with an exciting cliff-
hanger so that readers will keep turning pages to see what happens next.
2. Fixed-interval (FI) schedule. Whereas an FR schedule provides reinforce-
ment after a fixed number of responses, an FI schedule reinforces the first 
response after a fixed amount of time. For example, on an FI 10-sec schedule, the 
rat is reinforced for the first response it makes after an interval of 10 seconds 
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Figure 5.6  
Reinforcement schedules In 
each figure, data show cumula-
tive responding by a hypotheti-
cal rat; arrows indicate food 
delivery (reinforcement). (a) An 
FR 5 schedule (reinforcement 
after every fifth response) 
produces a pattern of steady 
responding leading up to each 
reinforcement, with a short 
postreinforcement pause (flat 
line) following each delivery 
of food. A VR 5 schedule 
(reinforcement after every fifth 
response, on average)  produces 
fast and steady responding, 
with little or no postreinforce-
ment pause—because the 
next response could produce 
another reinforcement. (b) An 
FI 10-sec schedule (reinforce-
ment for the first response 
after a 10-second interval) 
produces a scalloped curve. 
After each postreinforcement 
pause, the response rate grad-
ually increases until the next 
reinforcement arrives. A VI 
10-sec schedule (reinforcement 
for the first response after a 
10- second interval, on average) 
produces steady responding, 
with no postreinforcement 
pause, as the rat keeps check-
ing to see whether a new rein-
forcement is available yet.

What kind of learning is going on 
here?
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What caused the “scalloped” cumulative response curve? 
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Figure 5.2c), which is one reason why some researchers continue to display data 
in this format. Figure 5.6a shows the hypothetical behavior of a rat trained to 
respond on an FR 5 schedule: steady response rates leading up to each reinforce-
ment, followed by a brief pause before another round of responding begins in 
order to obtain a new reinforcement.

During the postreinforcement pause, it seems almost as if the animal is paus-
ing to take a breath before its next bout of responding. And in fact, the length 
of the postreinforcement pause is related to the number of responses required 
to obtain the next reinforcement: thus, the postreinforcement pause when an 
animal is on an FR 50 schedule is longer than when the animal is on an FR 5 
schedule. In effect, the rat is behaving like a human teenager who does a short 
chore (say, taking out the trash) the first time his mother asks but procrastinates 
for hours before starting a really time-consuming chore (mowing the lawn).

Examples of fixed-ratio schedules in human life include factory workers who 
get paid a flat fee for every 100 pieces they turn out and migrant farmworkers 
who get paid a fixed amount for every bushel of apples picked. In fact, such 
workers tend to show behavior similar to that of rats on an FR schedule—steady 
bursts of responding followed by postreinforcement pauses: the workers com-
plete a batch, take a few minutes for a coffee break, and then start in again. A 
similar phenomenon occurs in readers, who may complete a chapter or a fixed 
number of pages before putting the book aside. Novelists often try to combat 
this “post reinforcement pause” by ending each chapter with an exciting cliff-
hanger so that readers will keep turning pages to see what happens next.
2. Fixed-interval (FI) schedule. Whereas an FR schedule provides reinforce-
ment after a fixed number of responses, an FI schedule reinforces the first 
response after a fixed amount of time. For example, on an FI 10-sec schedule, the 
rat is reinforced for the first response it makes after an interval of 10 seconds 
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Figure 5.6  
Reinforcement schedules In 
each figure, data show cumula-
tive responding by a hypotheti-
cal rat; arrows indicate food 
delivery (reinforcement). (a) An 
FR 5 schedule (reinforcement 
after every fifth response) 
produces a pattern of steady 
responding leading up to each 
reinforcement, with a short 
postreinforcement pause (flat 
line) following each delivery 
of food. A VR 5 schedule 
(reinforcement after every fifth 
response, on average)  produces 
fast and steady responding, 
with little or no postreinforce-
ment pause—because the 
next response could produce 
another reinforcement. (b) An 
FI 10-sec schedule (reinforce-
ment for the first response 
after a 10-second interval) 
produces a scalloped curve. 
After each postreinforcement 
pause, the response rate grad-
ually increases until the next 
reinforcement arrives. A VI 
10-sec schedule (reinforcement 
for the first response after a 
10- second interval, on average) 
produces steady responding, 
with no postreinforcement 
pause, as the rat keeps check-
ing to see whether a new rein-
forcement is available yet.

What kind of learning is going on 
here?
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PARTIAL REINFORCEMENT SCHEDULES
– 4 BASIC TYPES

3. Variable-ratio (CR) schedule: provides reinforcement after a certain average number of responses.
Ex) A VR 5 schedule produces reinforcement after every 5 responses, on average.
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Figure 5.2c), which is one reason why some researchers continue to display data 
in this format. Figure 5.6a shows the hypothetical behavior of a rat trained to 
respond on an FR 5 schedule: steady response rates leading up to each reinforce-
ment, followed by a brief pause before another round of responding begins in 
order to obtain a new reinforcement.

During the postreinforcement pause, it seems almost as if the animal is paus-
ing to take a breath before its next bout of responding. And in fact, the length 
of the postreinforcement pause is related to the number of responses required 
to obtain the next reinforcement: thus, the postreinforcement pause when an 
animal is on an FR 50 schedule is longer than when the animal is on an FR 5 
schedule. In effect, the rat is behaving like a human teenager who does a short 
chore (say, taking out the trash) the first time his mother asks but procrastinates 
for hours before starting a really time-consuming chore (mowing the lawn).

Examples of fixed-ratio schedules in human life include factory workers who 
get paid a flat fee for every 100 pieces they turn out and migrant farmworkers 
who get paid a fixed amount for every bushel of apples picked. In fact, such 
workers tend to show behavior similar to that of rats on an FR schedule—steady 
bursts of responding followed by postreinforcement pauses: the workers com-
plete a batch, take a few minutes for a coffee break, and then start in again. A 
similar phenomenon occurs in readers, who may complete a chapter or a fixed 
number of pages before putting the book aside. Novelists often try to combat 
this “post reinforcement pause” by ending each chapter with an exciting cliff-
hanger so that readers will keep turning pages to see what happens next.
2. Fixed-interval (FI) schedule. Whereas an FR schedule provides reinforce-
ment after a fixed number of responses, an FI schedule reinforces the first 
response after a fixed amount of time. For example, on an FI 10-sec schedule, the 
rat is reinforced for the first response it makes after an interval of 10 seconds 
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Figure 5.6  
Reinforcement schedules In 
each figure, data show cumula-
tive responding by a hypotheti-
cal rat; arrows indicate food 
delivery (reinforcement). (a) An 
FR 5 schedule (reinforcement 
after every fifth response) 
produces a pattern of steady 
responding leading up to each 
reinforcement, with a short 
postreinforcement pause (flat 
line) following each delivery 
of food. A VR 5 schedule 
(reinforcement after every fifth 
response, on average)  produces 
fast and steady responding, 
with little or no postreinforce-
ment pause—because the 
next response could produce 
another reinforcement. (b) An 
FI 10-sec schedule (reinforce-
ment for the first response 
after a 10-second interval) 
produces a scalloped curve. 
After each postreinforcement 
pause, the response rate grad-
ually increases until the next 
reinforcement arrives. A VI 
10-sec schedule (reinforcement 
for the first response after a 
10- second interval, on average) 
produces steady responding, 
with no postreinforcement 
pause, as the rat keeps check-
ing to see whether a new rein-
forcement is available yet.

What kind of learning is going on 
here?
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Which one?



PARTIAL REINFORCEMENT SCHEDULES
– 4 BASIC TYPES

4. Variable-interval (VI) schedule
Ex) A VI schedule reinforces the first response after an interval that averages a particular length of time.
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Figure 5.2c), which is one reason why some researchers continue to display data 
in this format. Figure 5.6a shows the hypothetical behavior of a rat trained to 
respond on an FR 5 schedule: steady response rates leading up to each reinforce-
ment, followed by a brief pause before another round of responding begins in 
order to obtain a new reinforcement.

During the postreinforcement pause, it seems almost as if the animal is paus-
ing to take a breath before its next bout of responding. And in fact, the length 
of the postreinforcement pause is related to the number of responses required 
to obtain the next reinforcement: thus, the postreinforcement pause when an 
animal is on an FR 50 schedule is longer than when the animal is on an FR 5 
schedule. In effect, the rat is behaving like a human teenager who does a short 
chore (say, taking out the trash) the first time his mother asks but procrastinates 
for hours before starting a really time-consuming chore (mowing the lawn).

Examples of fixed-ratio schedules in human life include factory workers who 
get paid a flat fee for every 100 pieces they turn out and migrant farmworkers 
who get paid a fixed amount for every bushel of apples picked. In fact, such 
workers tend to show behavior similar to that of rats on an FR schedule—steady 
bursts of responding followed by postreinforcement pauses: the workers com-
plete a batch, take a few minutes for a coffee break, and then start in again. A 
similar phenomenon occurs in readers, who may complete a chapter or a fixed 
number of pages before putting the book aside. Novelists often try to combat 
this “post reinforcement pause” by ending each chapter with an exciting cliff-
hanger so that readers will keep turning pages to see what happens next.
2. Fixed-interval (FI) schedule. Whereas an FR schedule provides reinforce-
ment after a fixed number of responses, an FI schedule reinforces the first 
response after a fixed amount of time. For example, on an FI 10-sec schedule, the 
rat is reinforced for the first response it makes after an interval of 10 seconds 

Cumulative
number of
responses

Time

Cumulative
number of
responses

Time

FR 5

VR 5

(b) Fixed-interval (FI) and
variable-interval (VI) schedules

(a) Fixed-ratio (FR) and
variable-ratio (VR) schedules

VI 10-sec

FI 10-sec

Figure 5.6  
Reinforcement schedules In 
each figure, data show cumula-
tive responding by a hypotheti-
cal rat; arrows indicate food 
delivery (reinforcement). (a) An 
FR 5 schedule (reinforcement 
after every fifth response) 
produces a pattern of steady 
responding leading up to each 
reinforcement, with a short 
postreinforcement pause (flat 
line) following each delivery 
of food. A VR 5 schedule 
(reinforcement after every fifth 
response, on average)  produces 
fast and steady responding, 
with little or no postreinforce-
ment pause—because the 
next response could produce 
another reinforcement. (b) An 
FI 10-sec schedule (reinforce-
ment for the first response 
after a 10-second interval) 
produces a scalloped curve. 
After each postreinforcement 
pause, the response rate grad-
ually increases until the next 
reinforcement arrives. A VI 
10-sec schedule (reinforcement 
for the first response after a 
10- second interval, on average) 
produces steady responding, 
with no postreinforcement 
pause, as the rat keeps check-
ing to see whether a new rein-
forcement is available yet.

What kind of learning is going on 
here?

©
 K

in
g 

Fe
at

ur
es

 S
yn

di
ca

te
, I

nc
.

Gluck2e_CH05NEW.indd   185Gluck2e_CH05NEW.indd   185 10/12/12   10:09 AM10/12/12   10:09 AM



CHOICE BEHAVIOR

Key A

VI 2-min schedule

Key B

VI 1-min schedule

Concurrent reinforcement schedule:
The organism can make any of several possible responses, each leading to a different outcome.

What should the pigeon do?



VI SCHEDULE AND MATCHING LAW

188 | CHAPTER 5 Learning Module ■ OPERANT CONDITIONING

on A and about 67% of its time pecking on B—or about twice the time on B as 
on A (Herrnstein, 1961). Note that this ratio is identical to the relative rate of 
reinforcement on the two keys since B is reinforced twice as often as A. 

The matching law of choice behavior states that, given two responses 
that are reinforced on VI schedules, an organism’s relative rate of making each 
response will (approximately) match the relative rate of reinforcement for that 
response (Herrnstein, 1961):

  rate of response A  ________________  rate of response B   !   rate of VI reinforcement for A   __________________________   rate of VI reinforcement for B  

Figure 5.7 shows data from one pigeon responding on a range of reinforce-
ment schedules for two keys, A and B (Herrnstein, 1961). The horizontal axis 
shows the relative rate of reinforcement on A. If the relative rate of reinforcement 
on A is 20%, then the relative rate of reinforcement on B is 80%, and B is 
reinforced four times as often as A; if the relative rate of reinforcement on A is 
50%, then the relative rate of reinforcement on B is also 50%, and so on. The 
matching law predicts that the rate of responding on A should be approximately 
equal to the relative rate of reinforcement on A; this behavior would result in 
the yellow line in Figure 5.7. The pigeon’s actual behavior (green line) is quite 
similar: the rate of pecking on A is approximately equal to the relative rate of 
reinforcement on A for a whole range of possible VI schedules.

Of course, even within a lab experiment, a rat or pigeon has more options 
than just pecking one of two keys: it will spend some of its time eating the food it 
earns, and it can even take a break and spend some of its time grooming, explor-
ing, or sitting quietly. Nevertheless, as Figure 5.7 illustrates, the matching law is 
a fairly good description of how the animal will allot its time and effort among 
a set of possible responses.

Behavioral Economics and the Bliss Point
A pigeon confronted with two keys is the simplest possible example of a choice 
situation. Outside the laboratory, choices are far more complicated. A college 
student has to divide her allotted studying time among different classes accord-
ing to how that studying is likely to pay off best, and she has to divide her 
total time among studying, sleeping, eating, socializing, and so forth. Farmers 
have to decide how to distribute their acreage between stable crops that will 
survive rough weather and higher-risk, higher-payoff specialty crops in order 

to maximize expected profit. A dieter who 
is allowed a fixed number of calories per 
day must decide whether to eat several low- 
calorie meals or splurge on a bowl of ice 
cream (and then survive on water and lettuce 
for the rest of the day).

Behavioral economics is the study 
of how organisms allocate their time and 
resources among possible options. For 
example, a worker who makes $3,000 a 
month after taxes can distribute this income 
on rent, food, new clothes, savings, and so 
on. If she lives in a very expensive apartment, 
there is less money available for fancy food 
and new clothes; if she rents a less expensive 
apartment, she has more money to spend on 
other things. How does she choose?
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Rate of reinforcement on A (in percent)
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Actual behavior

Figure 5.7 Choice behav-
ior A pigeon is presented with 
two keys, A and B, each reinforced 
on a different variable-interval 
(VI) schedule. The matching law 
predicts that the rate of respond-
ing (pecking) on A versus B should 
approximately equal the relative 
rate of reinforcement on A versus B 
for a whole range of possible rein-
forcement schedules. The  actual 
behavior of the pigeon closely 
approximates this  prediction. 
[Adapted from Herrnstein, 1961.]
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Matching law of choice behavior

188 | CHAPTER 5 Learning Module ■ OPERANT CONDITIONING

on A and about 67% of its time pecking on B—or about twice the time on B as 
on A (Herrnstein, 1961). Note that this ratio is identical to the relative rate of 
reinforcement on the two keys since B is reinforced twice as often as A. 

The matching law of choice behavior states that, given two responses 
that are reinforced on VI schedules, an organism’s relative rate of making each 
response will (approximately) match the relative rate of reinforcement for that 
response (Herrnstein, 1961):

  rate of response A  ________________  rate of response B   !   rate of VI reinforcement for A   __________________________   rate of VI reinforcement for B  

Figure 5.7 shows data from one pigeon responding on a range of reinforce-
ment schedules for two keys, A and B (Herrnstein, 1961). The horizontal axis 
shows the relative rate of reinforcement on A. If the relative rate of reinforcement 
on A is 20%, then the relative rate of reinforcement on B is 80%, and B is 
reinforced four times as often as A; if the relative rate of reinforcement on A is 
50%, then the relative rate of reinforcement on B is also 50%, and so on. The 
matching law predicts that the rate of responding on A should be approximately 
equal to the relative rate of reinforcement on A; this behavior would result in 
the yellow line in Figure 5.7. The pigeon’s actual behavior (green line) is quite 
similar: the rate of pecking on A is approximately equal to the relative rate of 
reinforcement on A for a whole range of possible VI schedules.

Of course, even within a lab experiment, a rat or pigeon has more options 
than just pecking one of two keys: it will spend some of its time eating the food it 
earns, and it can even take a break and spend some of its time grooming, explor-
ing, or sitting quietly. Nevertheless, as Figure 5.7 illustrates, the matching law is 
a fairly good description of how the animal will allot its time and effort among 
a set of possible responses.

Behavioral Economics and the Bliss Point
A pigeon confronted with two keys is the simplest possible example of a choice 
situation. Outside the laboratory, choices are far more complicated. A college 
student has to divide her allotted studying time among different classes accord-
ing to how that studying is likely to pay off best, and she has to divide her 
total time among studying, sleeping, eating, socializing, and so forth. Farmers 
have to decide how to distribute their acreage between stable crops that will 
survive rough weather and higher-risk, higher-payoff specialty crops in order 

to maximize expected profit. A dieter who 
is allowed a fixed number of calories per 
day must decide whether to eat several low- 
calorie meals or splurge on a bowl of ice 
cream (and then survive on water and lettuce 
for the rest of the day).

Behavioral economics is the study 
of how organisms allocate their time and 
resources among possible options. For 
example, a worker who makes $3,000 a 
month after taxes can distribute this income 
on rent, food, new clothes, savings, and so 
on. If she lives in a very expensive apartment, 
there is less money available for fancy food 
and new clothes; if she rents a less expensive 
apartment, she has more money to spend on 
other things. How does she choose?
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Figure 5.7 Choice behav-
ior A pigeon is presented with 
two keys, A and B, each reinforced 
on a different variable-interval 
(VI) schedule. The matching law 
predicts that the rate of respond-
ing (pecking) on A versus B should 
approximately equal the relative 
rate of reinforcement on A versus B 
for a whole range of possible rein-
forcement schedules. The  actual 
behavior of the pigeon closely 
approximates this  prediction. 
[Adapted from Herrnstein, 1961.]
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on A and about 67% of its time pecking on B—or about twice the time on B as 
on A (Herrnstein, 1961). Note that this ratio is identical to the relative rate of 
reinforcement on the two keys since B is reinforced twice as often as A. 

The matching law of choice behavior states that, given two responses 
that are reinforced on VI schedules, an organism’s relative rate of making each 
response will (approximately) match the relative rate of reinforcement for that 
response (Herrnstein, 1961):

  rate of response A  ________________  rate of response B   !   rate of VI reinforcement for A   __________________________   rate of VI reinforcement for B  

Figure 5.7 shows data from one pigeon responding on a range of reinforce-
ment schedules for two keys, A and B (Herrnstein, 1961). The horizontal axis 
shows the relative rate of reinforcement on A. If the relative rate of reinforcement 
on A is 20%, then the relative rate of reinforcement on B is 80%, and B is 
reinforced four times as often as A; if the relative rate of reinforcement on A is 
50%, then the relative rate of reinforcement on B is also 50%, and so on. The 
matching law predicts that the rate of responding on A should be approximately 
equal to the relative rate of reinforcement on A; this behavior would result in 
the yellow line in Figure 5.7. The pigeon’s actual behavior (green line) is quite 
similar: the rate of pecking on A is approximately equal to the relative rate of 
reinforcement on A for a whole range of possible VI schedules.

Of course, even within a lab experiment, a rat or pigeon has more options 
than just pecking one of two keys: it will spend some of its time eating the food it 
earns, and it can even take a break and spend some of its time grooming, explor-
ing, or sitting quietly. Nevertheless, as Figure 5.7 illustrates, the matching law is 
a fairly good description of how the animal will allot its time and effort among 
a set of possible responses.

Behavioral Economics and the Bliss Point
A pigeon confronted with two keys is the simplest possible example of a choice 
situation. Outside the laboratory, choices are far more complicated. A college 
student has to divide her allotted studying time among different classes accord-
ing to how that studying is likely to pay off best, and she has to divide her 
total time among studying, sleeping, eating, socializing, and so forth. Farmers 
have to decide how to distribute their acreage between stable crops that will 
survive rough weather and higher-risk, higher-payoff specialty crops in order 

to maximize expected profit. A dieter who 
is allowed a fixed number of calories per 
day must decide whether to eat several low- 
calorie meals or splurge on a bowl of ice 
cream (and then survive on water and lettuce 
for the rest of the day).

Behavioral economics is the study 
of how organisms allocate their time and 
resources among possible options. For 
example, a worker who makes $3,000 a 
month after taxes can distribute this income 
on rent, food, new clothes, savings, and so 
on. If she lives in a very expensive apartment, 
there is less money available for fancy food 
and new clothes; if she rents a less expensive 
apartment, she has more money to spend on 
other things. How does she choose?
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Figure 5.7 Choice behav-
ior A pigeon is presented with 
two keys, A and B, each reinforced 
on a different variable-interval 
(VI) schedule. The matching law 
predicts that the rate of respond-
ing (pecking) on A versus B should 
approximately equal the relative 
rate of reinforcement on A versus B 
for a whole range of possible rein-
forcement schedules. The  actual 
behavior of the pigeon closely 
approximates this  prediction. 
[Adapted from Herrnstein, 1961.]

Gluck2e_CH05NEW.indd   188Gluck2e_CH05NEW.indd   188 10/12/12   10:09 AM10/12/12   10:09 AM



WHAT’S THIS EXAMPLE?

Time scheduler

How would you arrange your time?



BEHAVIORAL ECONOMICS AND THE BLISS POINT

Subjective value (utility): it differs from person to person.

What is the ‘bliss point’?



BLISS POINT

Music albums vs. Dinner

How can you make an example?



BEHAVIORAL ECONOMICS AND THE BLISS POINT

BEHAVIORAL PROCESSES | 189

Economic theory predicts that each consumer will allocate resources in a 
way that maximizes her “subjective value,” or relative satisfaction. (In micro-
economics, the word “utility” is used instead of “subjective value.”) The value 
is subjective because it differs from person to person: one individual may find 
much subjective value in an expensive apartment, but another may find more 
subjective value in having extra money to buy clothes and food. The particular 
allocation of resources that provides maximal subjective value to an individual 
is called the bliss point (Allison, 1983; Timberlake, 1980). We determine an 
individual’s bliss point simply by recording what that individual chooses to do. 
For example, suppose Jamie, a college student, has a part-time job and takes 
home about $100 a week. Assuming that Jamie has no other expenses, he can 
spend this money on his hobby of collecting new music (downloading albums at, 
say, $10 apiece from an online store) or going out to dinner (say, $20 at a local 
restaurant). Each week, he can spend the full $100 on 10 albums or he can eat 
out 5 times—or any other combination that adds up to $100.

Figure 5.8a shows Jamie’s possible options. So, given these options, what does 
Jamie actually do? Most weeks, he eats out twice and downloads six albums. This 
point (shown in Figure 5.8a) is Jamie’s bliss point—the distribution of expendi-
tures that (apparently) results in maximum subjective value for this individual: 
he gets plenty of new music and also gets to eat out frequently. Of course, both 
the curve and the bliss point can shift if economic conditions change: if the res-
taurant raises its prices ($50 for dinner), then Jamie may shift to one dinner out 
and five albums per week—resulting in the new bliss point shown in Figure 5.8b.

Animals show similar patterns of compromise between existing options. 
For example, a pet cat can distribute its time among eating, drinking, sleeping, 
grooming, and playing with its favorite toys. The amount of time it spends on 
each behavior defines that animal’s bliss point. An untrained rat in a Skinner 
box will spend some amount of time grooming, exploring, sitting quietly—and 
a very small amount of time pressing the lever. However, after the rat learns 
that lever pressing results in food (and assuming that the animal is hungry), it 
will begin to spend more of its time on lever pressing (and eating) and propor-
tionately less on other activities, because the subjective value of pressing the 
lever has been increased. From the behavioral economics perspective, then, 
operant conditioning is not so much training an organism to execute a specific 
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Figure 5.8 Behavioral 
economics (a) A student with 
$100 income per week may choose 
to distribute it between download-
ing new albums ($10 apiece) and 
eating out ($20 per meal); any 
point on the line will satisfy the 
budgetary criteria. The bliss point 
is the point at which this particular 
student gets maximum subjec-
tive value for his money. (b) The 
bliss point may shift as conditions 
change—for example, if the cost 
of eating out increases to $50. 
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say, $10 apiece from an online store) or going out to dinner (say, $20 at a local 
restaurant). Each week, he can spend the full $100 on 10 albums or he can eat 
out 5 times—or any other combination that adds up to $100.

Figure 5.8a shows Jamie’s possible options. So, given these options, what does 
Jamie actually do? Most weeks, he eats out twice and downloads six albums. This 
point (shown in Figure 5.8a) is Jamie’s bliss point—the distribution of expendi-
tures that (apparently) results in maximum subjective value for this individual: 
he gets plenty of new music and also gets to eat out frequently. Of course, both 
the curve and the bliss point can shift if economic conditions change: if the res-
taurant raises its prices ($50 for dinner), then Jamie may shift to one dinner out 
and five albums per week—resulting in the new bliss point shown in Figure 5.8b.

Animals show similar patterns of compromise between existing options. 
For example, a pet cat can distribute its time among eating, drinking, sleeping, 
grooming, and playing with its favorite toys. The amount of time it spends on 
each behavior defines that animal’s bliss point. An untrained rat in a Skinner 
box will spend some amount of time grooming, exploring, sitting quietly—and 
a very small amount of time pressing the lever. However, after the rat learns 
that lever pressing results in food (and assuming that the animal is hungry), it 
will begin to spend more of its time on lever pressing (and eating) and propor-
tionately less on other activities, because the subjective value of pressing the 
lever has been increased. From the behavioral economics perspective, then, 
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“decision” is made in your frontal cortex, and signals 
from both the visual cortex and the frontal cortex 
travel to the motor cortex, which integrates these 
signals and produces the appropriate instructions, 
resulting in your picking up the book.

Information from the sensory cortex to the motor 
cortex can also travel via an indirect route, through the 
basal ganglia. The basal ganglia are a collection of 
ganglia (clusters of neurons) that lie at the base of the 
forebrain. One part of the basal ganglia is the dorsal 
striatum (Figure 5.9), which can be further subdivid-
ed into the caudate nucleus and the putamen. The dorsal 
striatum receives highly processed stimulus informa-
tion from sensory cortical areas and projects to the 
motor cortex, which produces a behavioral response. 

The dorsal striatum plays a critical role in operant 
conditioning, particularly if discriminative stimuli are 

involved. Rats with lesions of the dorsal striatum can learn a simple R-O associa-
tion (e.g., lever-press R to obtain food O) as well as control rats can. But if dis-
criminative stimuli are added (e.g., lever-press R is reinforced only in the pres-
ence of a light S), then the lesioned rats are markedly impaired (Featherstone 
& McDonald, 2004). In humans, too, individuals with damage or disruption to 
the striatum due to Parkinson’s disease or Huntington’s disease show deficits in 
the ability to associate a stimulus with a correct response (Ashby & Waldron, 
2000; Robbins, 1996). In short, the dorsal striatum appears necessary for learn-
ing S-R associations based on feedback about reinforcement and punishment 
(McDonald & White, 1994; O’Doherty et al., 2004).

S-R associations that depend on the dorsal striatum tend to be relatively 
automatic or habitual (Balleine, Daw, & O’Doherty, 2008). Remember the well-
trained rats, discussed earlier in this chapter, who would run right through a pile 
of food on their way to a goal box in the maze? That behavior probably reflects 
S-R learning in the striatum, making the maze running automatic even when 
other behaviors (such as pausing to eat) would have resulted in reward. Similarly, 
the Protestant ethic effect, when children and rats continue making a learned 
response even if they no longer need to work to obtain a desired outcome, may 
reflect habitual responding based on S-R associations in the dorsal striatum. 
In both cases, the actions are based on a history of learning in which those 
responses resulted in desirable outcomes, but after a long period of training, the 
responses are performed even though the outcome is no longer contingent on 
that action.

The Orbitofrontal Cortex and Learning to 
 Predict Outcomes
S-R learning is, of course, only half the picture in operant conditioning. 
Organisms learn to predict that particular responses R will result in particular 
outcomes O. For example, you read about the negative contrast effect in the 
Behavioral Processes section earlier in this chapter: monkeys may shriek in 
annoyance if their response earns them a less preferred food than the one they 
expected, and trick-or-treaters may feel cheated if they receive pennies rather 
than the expected candy. Such results show that organisms don’t make responses 
blindly but make them in anticipation of particular outcomes. 

Orbitofrontal
cortex

Dorsal striatum

Figure 5.9 Some 
brain  substrates of operant 
 conditioning During operant 
conditioning, the dorsal striatum 
may help create links between 
the sensory cortex and the motor 
cortex so that stimuli can elicit 
appropriate motor responses (S-R 
learning). Parts of the frontal 
cortex, including the orbitofrontal 
cortex, may play a role in learning 
that specific responses lead to par-
ticular outcomes (R-O learning).
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from both the visual cortex and the frontal cortex 
travel to the motor cortex, which integrates these 
signals and produces the appropriate instructions, 
resulting in your picking up the book.
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basal ganglia. The basal ganglia are a collection of 
ganglia (clusters of neurons) that lie at the base of the 
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motor cortex, which produces a behavioral response. 
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criminative stimuli are added (e.g., lever-press R is reinforced only in the pres-
ence of a light S), then the lesioned rats are markedly impaired (Featherstone 
& McDonald, 2004). In humans, too, individuals with damage or disruption to 
the striatum due to Parkinson’s disease or Huntington’s disease show deficits in 
the ability to associate a stimulus with a correct response (Ashby & Waldron, 
2000; Robbins, 1996). In short, the dorsal striatum appears necessary for learn-
ing S-R associations based on feedback about reinforcement and punishment 
(McDonald & White, 1994; O’Doherty et al., 2004).

S-R associations that depend on the dorsal striatum tend to be relatively 
automatic or habitual (Balleine, Daw, & O’Doherty, 2008). Remember the well-
trained rats, discussed earlier in this chapter, who would run right through a pile 
of food on their way to a goal box in the maze? That behavior probably reflects 
S-R learning in the striatum, making the maze running automatic even when 
other behaviors (such as pausing to eat) would have resulted in reward. Similarly, 
the Protestant ethic effect, when children and rats continue making a learned 
response even if they no longer need to work to obtain a desired outcome, may 
reflect habitual responding based on S-R associations in the dorsal striatum. 
In both cases, the actions are based on a history of learning in which those 
responses resulted in desirable outcomes, but after a long period of training, the 
responses are performed even though the outcome is no longer contingent on 
that action.

The Orbitofrontal Cortex and Learning to 
 Predict Outcomes
S-R learning is, of course, only half the picture in operant conditioning. 
Organisms learn to predict that particular responses R will result in particular 
outcomes O. For example, you read about the negative contrast effect in the 
Behavioral Processes section earlier in this chapter: monkeys may shriek in 
annoyance if their response earns them a less preferred food than the one they 
expected, and trick-or-treaters may feel cheated if they receive pennies rather 
than the expected candy. Such results show that organisms don’t make responses 
blindly but make them in anticipation of particular outcomes. 
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 conditioning During operant 
conditioning, the dorsal striatum 
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that specific responses lead to par-
ticular outcomes (R-O learning).
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“decision” is made in your frontal cortex, and signals 
from both the visual cortex and the frontal cortex 
travel to the motor cortex, which integrates these 
signals and produces the appropriate instructions, 
resulting in your picking up the book.
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the ability to associate a stimulus with a correct response (Ashby & Waldron, 
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(McDonald & White, 1994; O’Doherty et al., 2004).

S-R associations that depend on the dorsal striatum tend to be relatively 
automatic or habitual (Balleine, Daw, & O’Doherty, 2008). Remember the well-
trained rats, discussed earlier in this chapter, who would run right through a pile 
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S-R learning in the striatum, making the maze running automatic even when 
other behaviors (such as pausing to eat) would have resulted in reward. Similarly, 
the Protestant ethic effect, when children and rats continue making a learned 
response even if they no longer need to work to obtain a desired outcome, may 
reflect habitual responding based on S-R associations in the dorsal striatum. 
In both cases, the actions are based on a history of learning in which those 
responses resulted in desirable outcomes, but after a long period of training, the 
responses are performed even though the outcome is no longer contingent on 
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The Orbitofrontal Cortex and Learning to 
 Predict Outcomes
S-R learning is, of course, only half the picture in operant conditioning. 
Organisms learn to predict that particular responses R will result in particular 
outcomes O. For example, you read about the negative contrast effect in the 
Behavioral Processes section earlier in this chapter: monkeys may shriek in 
annoyance if their response earns them a less preferred food than the one they 
expected, and trick-or-treaters may feel cheated if they receive pennies rather 
than the expected candy. Such results show that organisms don’t make responses 
blindly but make them in anticipation of particular outcomes. 
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conditioning, the dorsal striatum 
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the sensory cortex and the motor 
cortex so that stimuli can elicit 
appropriate motor responses (S-R 
learning). Parts of the frontal 
cortex, including the orbitofrontal 
cortex, may play a role in learning 
that specific responses lead to par-
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of the orbitofrontal cortex may process information about reinforcers, and the 
lateral portion may process information about punishers (Kringelbach & Rolls, 
2004). For example, in one study, Dana Small and colleagues used PET to scan 
the brains of volunteers while they ate pieces of chocolate. After eating each 
piece, the volunteers gave ratings of how much they liked the chocolate and 
how much they wanted another piece (using a scale from “I really want another 
piece” to “Eating more would make me sick”). Volunteers who reported want-
ing the chocolate had heightened activity in the medial area of the orbitofrontal 
cortex, but those who reported satiety had heightened activity in the lateral 
orbitofrontal cortex (Small, Zatorre, Dagher, Evans, & Jones-Gotman, 2001). 
Remember the Premack principle, in which the reinforcement value of an activ-
ity can change, depending on whether access to that activity is restricted? Here, 
just the opposite occurs: even chocolate can cease to be rewarding if you’re 
forced to consume enough of it.

The responses of orbitofrontal neurons don’t only code whether the upcom-
ing outcome is expected to be generally pleasant or generally aversive; some 
neurons appear to code the actual identity of the expected outcome. Thus, 
monkeys can be trained with a set of pictures that predict whether the upcoming 
reward will be grape juice or orange juice. Figure 5.10b shows the responses of 
a single neuron that became active whenever pictures that predicted grape juice 
were presented but not when pictures predicting orange juice were presented 
(Tremblay & Schultz, 1999). This same neuron also fired during the actual 
delivery of grape juice but not orange juice.

Orbitofrontal cortex neurons may also play a role in helping us select between 
potential actions based on their expected consequences. When monkeys are 
trained to choose between two responses that result in different outcomes (say, 
water vs. Kool-Aid), most individual monkeys have a preference for one beverage 
over another. Given a choice between licking to obtain water or Kool-Aid, a par-
ticular monkey will alter his responses based on the amount of each he will get. 
If response R1 produces 1 cc of water and response R2 produces 1 cc of Kool-
Aid, he may choose to lick to obtain the sugary Kool-Aid. But if R1 produces 
6 cc of water, he may choose that option instead. In fact, the likelihood that the 
monkey will make response R1 depends on the trade-off between his individual 
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Figure 5.10 Orbitofrontal 
neurons code expected out-
comes (a) Responses of a single 
neuron in orbitofrontal cortex of 
a rat learning that responding to 
odor 1 produces sucrose while 
responding to odor 2 produces 
quinine. Responses are shown 
during the delay between response 
and outcome. This neuron shows 
very little increase above baseline 
(100%) after the rat has responded 
to odor 1 but a strong increase 
after the rat has (mistakenly) 
responded to odor 2. Thus, this 
neuron appears to code for expec-
tation of quinine. (b) A single 
neuron in orbitofrontal cortex of a 
monkey trained that some pictures 
predict rewarding of a response 
by grape juice but others predict 
that the response will be rewarded 
by orange juice. The figure shows 
four sample pictures, each pre-
sented for 1 second, with juice 
delivered 4 seconds later. Below 
each picture is a histogram in 
which the height of the bars indi-
cates strength of neural respond-
ing. This neuron responds strongly 
while grape-juice-predicting stim-
uli appear and again when grape 
juice is delivered, but not while 
orange-juice-predicting pictures 
appear or when orange juice is 
delivered. Thus, this neuron codes 
not only expectation of reward but 
expectation of a specific outcome: 
grape juice. 
[(a) Adapted from Schoenbaum et al., 1998, 
Figure 3a. (b) Adapted from Tremblay & 
Schultz, 1999, Figure 3b, Courtesy of Wolfram 
Schultz.]
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WHAT’S THE WANTING & LIKING?

1954, James Olds’ experiment…

As many as 700 times per hour!!

Pleasure center?



https://www.youtube.com/watch?v=wbx341A49jY (24:22)
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1954, James Olds’ experiment… Pleasure center?
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preference of beverage and the relative amount of each he would obtain, result-
ing in choice behavior very much like that of the pigeon of Figure 5.7. Neurons 
in the monkey’s orbitofrontal cortex respond with a strength proportional to the 
perceived value of each choice (Padoa-Schioppa & Assad, 2006). 

Remember college student Jamie, who could spend his weekly income by 
distributing it among choices such as music purchases and restaurant dinners? 
Possibly, neurons in Jamie’s orbitofrontal cortex were helping him to evaluate 
the potential outcomes of his actions and to choose between them. When din-
ners were cheap, certain of these neurons may have responded strongly, indicat-
ing that dinners were the preferred choice. But when the cost of dining out rose, 
the same neurons may have responded more weakly, leading Jamie to prefer the 
opposite alternative for spending his money. 

Mechanisms of Reinforcement Signaling 
in the Brain
The previous section suggested that neurons in the orbitofrontal cortex code 
not only the identity of an outcome (e.g., grape juice vs. orange juice) but also 
whether that outcome is reinforcing or not (e.g., water flavored with sucrose 
vs. quinine). This distinction is critical: if an outcome is reinforcing, the S-R 
association should be strengthened, increasing the likelihood that S elicits R in 
the future; if it is a punisher, the association should be weakened, decreasing the 
likelihood of R. What signals in the brain determine whether an outcome is a 
reinforcer or a punisher?

“Wanting” and “Liking” in the Brain
In 1954, James Olds was experimenting with delivering electrical stimulation to 
the rat brain. He inserted an electrode into an area that researchers now believe 
to have been the lateral hypothalamus. Olds waited until the rat wandered into 
one corner of the experimental chamber, and then he applied a brief electrical 
current. After a few minutes of wandering around the chamber, the rat came back 
to the same corner, where Olds gave it a second stimulation. The rat caught on 
quickly and began to hang around that corner of the chamber, apparently hoping 
for more electrical stimulation (Olds, 1955). Thus, electrical stimulation to this 
area of the brain seemed to be acting much like a reinforcer: increasing the prob-
ability of certain responses (in this case, hanging around the correct location).

Olds was intrigued, to say the least. He rigged a Skinner box so that the rats 
could press a lever to turn on the electrical stimulation. The rats were soon lever 
pressing at a furious rate: as many as 700 times an hour (Olds, 1958). If allowed, 
rats would press the lever continuously for up to 48 hours, until they collapsed 
from physical exhaustion! Given a choice between electrical stimulation and 
food, the rats would literally starve themselves, preferring the 
stimulation (Routtenberg & Lindy, 1965).

Later studies identified that rats would work for electrical 
stimulation in several brain areas, including the ventral teg-
mental area (VTA), a small region in the midbrain of rats, 
humans, and other mammals (Figure 5.11). The electrodes 
in Olds’s original studies were probably stimulating hypotha-
lamic neurons that project to the VTA, so that the electrical 
current was indirectly activating this area. Because VTA 
stimulation was such a powerful reinforcer, some researchers 
inferred that the rats “liked” the stimulation, and the VTA 
and other areas of the brain where electrical stimulation was 
effective became informally known as “pleasure centers.”

Frontal
cortex

Ventral tegmental
area (VTA)

Dorsal striatum

Substantia nigra
pars compacta
(SNc)

Figure 5.11 The ventral 
tegmental area (VTA) and sub-
stantia nigra pars compacta 
(SNc) The VTA (part of the mid-
brain) and the SNc (a part of the 
basal ganglia) are small regions 
containing neurons that project 
dopamine to many brain areas, 
including the dorsal striatum and 
frontal cortex. 
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As many as 700 times per hour!!

Were they really enjoying?
Or just excited?
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A good example of this is seen in experiments where rats can choose to work 
for different types of food. For example, most healthy rats prefer sugar pellets 
to rat chow, and they will work for the pellets by lever pressing, even if chow is 
freely available (Figure 5.13, green bars). Rats given a dopamine antagonist also 
prefer sugar to rat chow if both are freely available. But if they have to work for 
the sugar pellets by lever pressing, they mostly settle for the free chow instead 
(Salamone et al., 2002). You can think of this as an inversion of the Protestant 
ethic effect: animals with normal dopamine levels prefer to work to obtain their 
preferred food; animals with reduced dopamine prefer not to work, even if this 
results in inferior food.

Dopamine seems to affect incentive salience in humans, too. For example, the 
drug amphetamine can produce pleasurable feelings in humans, and these plea-
surable feelings are not altered if the human is also given the dopamine-blocker 
pimozide (Brauer & de Wit, 1996, 1997). But the pimozide does suppress crav-
ings for the amphetamine high. In other words, interfering with the dopamine 
system reduces “wanting” but not “liking” of amphetamine.

Conversely, increasing brain dopamine levels can increase craving. For exam-
ple, in one study, humans with cocaine addiction volunteered to participate in 
a study where they were given the drug pergolide, which increases brain dopa-
mine levels; the participants reported an increased craving for cocaine but no 
increase in the self-reported “high” from cocaine (Haney, Foltin, & Fischman, 
1998). Thus, stimulating the dopamine system increases “wanting” but not “lik-
ing” of cocaine.

In addition to evidence that dopamine signals “wanting,” there is also con-
siderable evidence that dopamine helps strengthen learning of S-R associa-
tions during operant conditioning (Wickens, 2009). Although dopamine isn’t 
required for new learning, studies show that increases in brain dopamine levels 
(through drug administration or by presenting a reward) do tend to enhance 
new S-R learning (Wise, 2004). Dopamine generally promotes synaptic plastic-
ity, possibly by increasing the ability of the presynaptic neuron to activate the 
target neuron, and since (as you read in Chapter 2) neurons that fire together 

Figure 5.13 Dopamine 
and incentive salience If rat 
chow is freely available but sugar 
pellets (which rats prefer) have to 
be “earned” by pressing a lever, 
control rats will spend most of 
their time working for sugar pel-
lets and eating relatively little 
free chow. Rats given a dopamine 
antagonist are much less willing 
to work for the sugar pellets and 
instead settle for eating the freely 
available chow. 
[Adapted from Salamone et al., 2002.]
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preference of beverage and the relative amount of each he would obtain, result-
ing in choice behavior very much like that of the pigeon of Figure 5.7. Neurons 
in the monkey’s orbitofrontal cortex respond with a strength proportional to the 
perceived value of each choice (Padoa-Schioppa & Assad, 2006). 

Remember college student Jamie, who could spend his weekly income by 
distributing it among choices such as music purchases and restaurant dinners? 
Possibly, neurons in Jamie’s orbitofrontal cortex were helping him to evaluate 
the potential outcomes of his actions and to choose between them. When din-
ners were cheap, certain of these neurons may have responded strongly, indicat-
ing that dinners were the preferred choice. But when the cost of dining out rose, 
the same neurons may have responded more weakly, leading Jamie to prefer the 
opposite alternative for spending his money. 

Mechanisms of Reinforcement Signaling 
in the Brain
The previous section suggested that neurons in the orbitofrontal cortex code 
not only the identity of an outcome (e.g., grape juice vs. orange juice) but also 
whether that outcome is reinforcing or not (e.g., water flavored with sucrose 
vs. quinine). This distinction is critical: if an outcome is reinforcing, the S-R 
association should be strengthened, increasing the likelihood that S elicits R in 
the future; if it is a punisher, the association should be weakened, decreasing the 
likelihood of R. What signals in the brain determine whether an outcome is a 
reinforcer or a punisher?

“Wanting” and “Liking” in the Brain
In 1954, James Olds was experimenting with delivering electrical stimulation to 
the rat brain. He inserted an electrode into an area that researchers now believe 
to have been the lateral hypothalamus. Olds waited until the rat wandered into 
one corner of the experimental chamber, and then he applied a brief electrical 
current. After a few minutes of wandering around the chamber, the rat came back 
to the same corner, where Olds gave it a second stimulation. The rat caught on 
quickly and began to hang around that corner of the chamber, apparently hoping 
for more electrical stimulation (Olds, 1955). Thus, electrical stimulation to this 
area of the brain seemed to be acting much like a reinforcer: increasing the prob-
ability of certain responses (in this case, hanging around the correct location).

Olds was intrigued, to say the least. He rigged a Skinner box so that the rats 
could press a lever to turn on the electrical stimulation. The rats were soon lever 
pressing at a furious rate: as many as 700 times an hour (Olds, 1958). If allowed, 
rats would press the lever continuously for up to 48 hours, until they collapsed 
from physical exhaustion! Given a choice between electrical stimulation and 
food, the rats would literally starve themselves, preferring the 
stimulation (Routtenberg & Lindy, 1965).

Later studies identified that rats would work for electrical 
stimulation in several brain areas, including the ventral teg-
mental area (VTA), a small region in the midbrain of rats, 
humans, and other mammals (Figure 5.11). The electrodes 
in Olds’s original studies were probably stimulating hypotha-
lamic neurons that project to the VTA, so that the electrical 
current was indirectly activating this area. Because VTA 
stimulation was such a powerful reinforcer, some researchers 
inferred that the rats “liked” the stimulation, and the VTA 
and other areas of the brain where electrical stimulation was 
effective became informally known as “pleasure centers.”

Frontal
cortex

Ventral tegmental
area (VTA)

Dorsal striatum

Substantia nigra
pars compacta
(SNc)

Figure 5.11 The ventral 
tegmental area (VTA) and sub-
stantia nigra pars compacta 
(SNc) The VTA (part of the mid-
brain) and the SNc (a part of the 
basal ganglia) are small regions 
containing neurons that project 
dopamine to many brain areas, 
including the dorsal striatum and 
frontal cortex. 
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Free condition to get RWD

1. More chewing than lever pressing
2. Salience and value coding in dopamine neurons



ENDOGENOUS OPIOID:  LIKING?

Opioids are substances that act on opioid receptors to produce morphine-like 
effects. Opioids are most often used medically to relieve pain.

•opioids—usually prescribed to treat pain
•central nervous system [CNS] depressants (this category 
includes tranquilizers, sedatives, and hypnotics)—used to treat 
anxiety and sleep disorders
•stimulants—most often prescribed to treat attention-deficit 
hyperactivity disorder (ADHD)



LIKING –WANTING INTERACTION
& NEW IDEAS

1. Neuromodulator theory? It could not be always true
2. Depending on a specific circuit the function could be different (Matsumoto & Hikosaka, 2009)



BEYOND THE CLASSICAL OPERANT 
CONDITIONING – COOPERATION & CREATION

https://www.youtube.com/watch?v=QKSvu3mj-14 (7:18-cooperation)



BEYOND THE CLASSICAL OPERANT 
CONDITIONING – COOPERATION & CREATION

https://www.youtube.com/watch?v=erhmslcHvaw (10:21-creativity?)
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Midbrain dopamine (DA) neurons are proposed to signal reward prediction error (RPE), a fundamental param-
eter in associative learningmodels. This RPE hypothesis provides a compelling theoretical framework for un-
derstandingDA function in reward learning and addiction. New studies support a causal role for DA-mediated
RPE activity in promoting learning about natural reward; however, this question has not been explicitly tested
in the context of drug addiction. In this review, we integrate theoretical models with experimental findings on
the activity of DA systems, and on the causal role of specific neuronal projections and cell types, to provide a
circuit-based framework for probing DA-RPE function in addiction. By examining error-encoding DA neurons
in the neural network in which they are embedded, hypotheses regarding circuit-level adaptations that
possibly contribute to pathological error signaling and addiction can be formulated and tested.

Introduction
Drugs of abuse enhance dopamine (DA) function by directly or
indirectly acting upon midbrain DA neurons to transiently in-
crease extracellular concentrations of DA (Di Chiara and Imper-
ato, 1988; Nestler, 2005; Sulzer, 2011). This DA enhancement
has been considered to mediate multiple effects of addictive
drugs, such as behavioral andmotor activation, and, most prom-
inently, the rewarding effects of these drugs. ‘‘Rewarding ef-
fects’’ maymeanmany things therefore more specific definitions
are required (Berridge and Robinson, 2003). Indeed, in addition
to producing positive hedonic reactions, rewards (both natural
and pharmacological) engage motivational systems involved in
the initiation and invigoration of action, as well as learning sys-
tems responsible for the reinforcement of the events (cues and
actions) leading to the receipt of the rewarding outcome.
Contemporary ideas of how DA is related to a drug’s rewarding
effect emphasize DA’s role in motivation and/or reward learning
(Berke and Hyman, 2000; Berridge, 2012; Berridge and Robin-
son, 1998; Bromberg-Martin et al., 2010; Everitt and Robbins,
2005; Salamone and Correa, 2012; Schultz, 2007, 2013; Wise,
2004).
In this review, we explore the implications for addiction for one

prominent idea of DA function, namely the signaling of reward
prediction errors (RPEs) by DA neurons (DA-RPE). According
to this view, DA neurons encode the discrepancy between
reward predictions and information about the actual reward
received (the RPE) and broadcast this signal to downstream
brain regions involved in reward learning. Because drugs of
abuse alter DA signaling, this theory has implications for addic-
tion. In a seminal paper, Redish (2004) presented a computa-
tional delineation of how RPEs may play a critical role in addic-
tion that has considerably shaped thinking in this area. In the
ensuing years, theoretical models have been updated and new
information regarding the neurobiology of both RPEs and addic-
tion has accrued, and the time is ripe for a re-examination of DA-
RPE and addiction.

We start from the position that neural computation of an RPE
by DA neurons contributes to learning about predictive cues and
actions that lead to that reward, and ask, if this is true for normal
learning, what role might DA-mediated RPEs play when subjects
learn about drug-related cues and actions? Is there something
different about RPE-mediated learning when the reward is an
addictive drug, and how does that relate to the development of
addiction?
To address these questions, we present recent studies that

confirm signaling of RPEs by DA neurons and discuss the
possible neural bases for RPE computation. We then ask how
the DA-RPE hypothesis might apply to addiction from both the
theoretical and neurobiological perspective. Our position is
that focused study of midbrain DAergic neurons and the neural
networks in which they are embedded is required for complete
understanding of DA both in normal learning and in addiction.
We use the RPEmodel as a tool to formulate specific predictions
regarding DA neural circuit function that can be tested using
contemporary neurobiological techniques. With this goal in
mind, we end with some suggestions of experiments that may
clarify the role of DA-RPE’s in addiction.

Reward-Related Activity in DA Neurons
In a series of seminal studies, Schultz and colleagues reported
that DA neurons in the ventral tegmental area (VTA) and the sub-
stantia nigra pars compacta (SNc) respond to natural reward,
such as palatable food, with a burst of action potentials (Ljung-
berg et al., 1992; Schultz et al., 1993). Notably, the sign
and magnitude of the DA neuron response is modulated by
the degree to which the reward is expected (summarized in
Bromberg-Martin et al., 2010; Schultz, 1998): surprising or
unexpected reward elicit strong increases in firing, whereas
anticipated reward produce little or no change. Conversely, if
an anticipated reward fails to materialize, DA neuron firing is
reduced below baseline. Thus DA neurons do not provide an
invariant readout of the presence of a given reward. Rather, it
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Classical and operant
conditioning differentially modify
the intrinsic properties of an
identified neuron
Fred D Lorenzetti1,2, Riccardo Mozzachiodi1,2, Douglas A Baxter1

& John H Byrne1

A long-standing debate in neuroscience is whether classical
and operant conditioning are mechanistically similar or
distinct. The feeding behavior of Aplysia provides a model
system suitable for addressing this question. Here we report
that classical and operant conditioning of feeding behavior
differentially modify the intrinsic excitability of neuron B51,
a critical element for the expression of the feeding response,
thus revealing that these two forms of associative learning
differ at the cellular level.

The ability to associate a predictive stimulus with a subsequent
salient event (classical conditioning)1 and the ability to associate an
expressed behavior with the consequences (operant conditioning)2

allow for a predictive understanding of a changing environment.
Although classical and operant conditioning are operationally distinct,
there has been considerable debate whether, at some fundamental level,
they are mechanistically distinct or similar3,4. Indeed, theoretical
studies have indicated that a cellular mechanism for classical condi-
tioning can support operant conditioning5. However, it has been

difficult to test experimentally the hypothesis that classical and operant
conditioning share common cellular mechanisms. This difficulty has
been due to the lack of a suitable model system that exhibits both
operant and classical conditioning of the same behavior and, at the
same time, is amenable to a detailed cellular analysis. In this report,
these limitations were overcome by using the feeding behavior of
Aplysia. Feeding behavior (biting) can be modified by appetitive
forms of both operant and classical conditioning both in vivo6,7 and
in vitro8–10. Also, the neuronal circuitry (central pattern generator,
CPG) responsible for feeding is well understood and is suitable for
cellular analyses.

A key element of the feeding CPG, which is located in the buccal
ganglia, is neuron B51. B51 exhibits a characteristic all-or-nothing
sustained level of activity (plateau potential)11 during the occurrence of
a certain type of patterned motor activity denoted as an ingestive buccal
motor program (BMP), which is a neural correlate of ingestive
behavior8,12. Furthermore, the recruitment of B51 is pivotal for
the expression of these ingestive BMPs. Direct depolarization of B51
during a BMP leads to the production of ingestive BMPs, whereas
hyperpolarization inhibits ingestive BMPs9. These characteristics mark
B51 as a decision-making neuron critical for the elicitation of feeding
and as a putative site of plasticity following associative learning. Indeed,
B51 is a cellular locus for the associative memory produced by operant
conditioning. Both in vivo and in vitro operant conditioning alter the
intrinsic excitability of B51 by increasing the input resistance and
decreasing the threshold for eliciting a plateau potential7–9. Because
feeding behavior can also be classically conditioned6, the goal of the
present study was to explore the possibility that B51 is also a site for the
associative memory produced by classical conditioning. These results
would provide a comparative analysis of classical and operant
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Figure 1 In vivo and in vitro classical conditioning of feeding behavior. (a,b) Schematic representation of (a) in vivo and (b) in vitro classical conditioning.
(c) The difference in the number of CS-evoked bites (post-test minus pre-test) was significantly greater following in vivo classical conditioning. (d) The
difference in the number of CS-evoked BMPs (post-test minus pre-test) was significantly greater following in vitro classical conditioning. (e) In vivo classical
conditioning significantly increased the number of CS-evoked plateau potentials in B51. (f) The difference in the number of CS-evoked plateau potentials
(post-test minus pre-test) was significantly greater following in vitro classical conditioning. In all figures, data are displayed as means ± s.e.m. and all
statistical tests are two-tailed Mann-Whitney U tests.
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Classical and operant
conditioning differentially modify
the intrinsic properties of an
identified neuron
Fred D Lorenzetti1,2, Riccardo Mozzachiodi1,2, Douglas A Baxter1

& John H Byrne1

A long-standing debate in neuroscience is whether classical
and operant conditioning are mechanistically similar or
distinct. The feeding behavior of Aplysia provides a model
system suitable for addressing this question. Here we report
that classical and operant conditioning of feeding behavior
differentially modify the intrinsic excitability of neuron B51,
a critical element for the expression of the feeding response,
thus revealing that these two forms of associative learning
differ at the cellular level.

The ability to associate a predictive stimulus with a subsequent
salient event (classical conditioning)1 and the ability to associate an
expressed behavior with the consequences (operant conditioning)2

allow for a predictive understanding of a changing environment.
Although classical and operant conditioning are operationally distinct,
there has been considerable debate whether, at some fundamental level,
they are mechanistically distinct or similar3,4. Indeed, theoretical
studies have indicated that a cellular mechanism for classical condi-
tioning can support operant conditioning5. However, it has been

difficult to test experimentally the hypothesis that classical and operant
conditioning share common cellular mechanisms. This difficulty has
been due to the lack of a suitable model system that exhibits both
operant and classical conditioning of the same behavior and, at the
same time, is amenable to a detailed cellular analysis. In this report,
these limitations were overcome by using the feeding behavior of
Aplysia. Feeding behavior (biting) can be modified by appetitive
forms of both operant and classical conditioning both in vivo6,7 and
in vitro8–10. Also, the neuronal circuitry (central pattern generator,
CPG) responsible for feeding is well understood and is suitable for
cellular analyses.

A key element of the feeding CPG, which is located in the buccal
ganglia, is neuron B51. B51 exhibits a characteristic all-or-nothing
sustained level of activity (plateau potential)11 during the occurrence of
a certain type of patterned motor activity denoted as an ingestive buccal
motor program (BMP), which is a neural correlate of ingestive
behavior8,12. Furthermore, the recruitment of B51 is pivotal for
the expression of these ingestive BMPs. Direct depolarization of B51
during a BMP leads to the production of ingestive BMPs, whereas
hyperpolarization inhibits ingestive BMPs9. These characteristics mark
B51 as a decision-making neuron critical for the elicitation of feeding
and as a putative site of plasticity following associative learning. Indeed,
B51 is a cellular locus for the associative memory produced by operant
conditioning. Both in vivo and in vitro operant conditioning alter the
intrinsic excitability of B51 by increasing the input resistance and
decreasing the threshold for eliciting a plateau potential7–9. Because
feeding behavior can also be classically conditioned6, the goal of the
present study was to explore the possibility that B51 is also a site for the
associative memory produced by classical conditioning. These results
would provide a comparative analysis of classical and operant
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Figure 1 In vivo and in vitro classical conditioning of feeding behavior. (a,b) Schematic representation of (a) in vivo and (b) in vitro classical conditioning.
(c) The difference in the number of CS-evoked bites (post-test minus pre-test) was significantly greater following in vivo classical conditioning. (d) The
difference in the number of CS-evoked BMPs (post-test minus pre-test) was significantly greater following in vitro classical conditioning. (e) In vivo classical
conditioning significantly increased the number of CS-evoked plateau potentials in B51. (f) The difference in the number of CS-evoked plateau potentials
(post-test minus pre-test) was significantly greater following in vitro classical conditioning. In all figures, data are displayed as means ± s.e.m. and all
statistical tests are two-tailed Mann-Whitney U tests.
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NEXT CLASS…

Various types of bell sounds…

Generalization
&

Discrimination



OPERANT CONDITIONING IN APLYSIA



APLYSIA BITING BEHAVIOR

https://www.youtube.com/watch?v=NDu9l5cqt1E
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CLASSICAL CONDITIONING IN APLYSIA
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