LEARNING & MEMORY
OPERANT CONDITIONING
SKKU GBME GRAD CLASS
KIM HF

The “Discovery” of Operant Conditioning

In Chapter 1, you read about Edward Thorndike and his studies of how cat
| CHAPTER
5 Learning
Module
OPERANT
CONDITION
learned to escape from puzzle168
boxes,
such as
the one
shown
in Figure
5.1a
The puzzle boxes were made from fruit crates, each with a door that could b
opened from the inside if the animal executed the correct sequence of pressin
dancing,
levers, pulling ropes, and stepping on pedals (Thorndike,singing,
1898, 1911,
1932o
on
operant
conditi
When Thorndike would put a cat in such a box for the first time, the anima
the Fasti
would hiss, claw at the walls, and generally try to fight its “Priscilla,
way free. Eventually
included
turning
o
the cat would accidentally perform the movements needed to open the door an
dirtyand
clothe
get out. Thorndike recorded how long it took the animaling
to up
escape
the
vacuum
cleaner,
returned the cat to the box to try again. After a few experiences
in the
box, a an
ca
pig chow
(Brela
typically learned the sequence of moves that allowed it toofescape.
Figure
5.1
shows the data from one cat; after a dozen or so trials in theter,
box,you
the should
cat was hav
abl
pig to do the same
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), the
■

OPERANT CONDITIONING : DISCOVERY
Figure 5.1 Thorndike’s

studies of animal learning
(a) One of Thorndike’s puzzle
boxes. (b) Data from one cat that
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box efficiently after a few
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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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OPERANT CONDITIONING

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.

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.

FREE OPERANT LEARNING

Discrete trial paradigm

Skinner’s idea…
Free Operant Paradigm
Why?
To automate data collection (a part of reasons)
A side effect?
Controlled its own rate of responding.

BEHAVIORAL PROCESSES
BEHAVIORAL PROCESSES
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Then, what are the varieties of responses?

Lever

Food reservoir

Light
Researchers and animal trainers rarely rely on accidents…
They use a process called shaping!
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How can you use the ’shaping’ to train the rat in Skinner box?
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RESPONSE - SHAPING
BEHAVIORAL PROCESSES
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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!”
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REINFORCER: NEGATIVE CONTRAST
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2 than the infants who received
plain water all along.
[Data from Kobre and Lipsitt, 1972.]

Sweetened
water
Plain water
Sweetened,
then plain water

1

2

Session

[Data from Kobre and Lipsitt, 1972.]

Sweetened
water
Plain water
Sweetened,
then plain water
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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?

Pain, noises, exposure to predators.

Common punishers for humans?

Monetary fines, social disapproval, and jail time…

What’s the effect?

만화위인전: 백범 김구 중에서

FOUR OF THE MOST IMPORTANT FACTORS IN
PUNISHMENT
1.
2.
3.
4.

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

An example of a speeding driver…

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.)

LEARNING AND MEMORY IN EVERYDAY LIFE

The Problem with Punishment

I

n 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 controversial. Many people believe that hitting a
child is never justifiable. Some studies have
suggested that children who are spanked
can develop emotional problems, including aggression and stress (Gershoff, 2002),
although other studies have found that occasional mild spanking does not cause any lasting 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 punishment is hard to apply effectively. Let’s take
a hypothetical example. Shawn has two
busy working parents, and he has to compete 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 reinforcement of alternative 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.

What’re the side effects of spanking?
How can you explain the example of Shawn with concurrent reinforcement theory?
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Stimuli

Response

Outcome

The rules determining when outcomes are delivered in an experiment are called
Reinforcement schedules

W.indd 180

(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 associate 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

TIMING AFFECTS LEARNING

Figure 5.5 The delay

between response and outcome 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 cumulative 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,
an organism’s willingness to forgo a small immediate reward in favor of a larger future reward.
Button A => immediate food reinforcement
Or
Button B => a larger food reinforcement that arrives 6 seconds later
Which one does a pigeon choose more?

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 supermarket 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
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 disapproval (O). Note that in both these examples, the outcome is something “added”
to Annie’s environment:
S (potty present)
S (potty absent)

R (emptying bladder)
R (emptying bladder)

O (praise)
O (disapproval)

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

But there
areBE
alsoADDED
learning situations
in which the outcome is taken away fr
OUTCOMES
CAN
OR SUBTRACTED

or “subtracted” from the environment. In negative reinforcement, behavio
encouraged (reinforced) because it causes something to be subtracted from
environment. Thus, if you have a headache, you can take aspirin to make
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
is subtracted!!
have a headache, so Outcome
this scenario
is an example of reinforcement. The outco
though, is not something added but something subtracted: the headach
Negative
taken away. Similarly,
a ratreinforcement
can be placed in a chamber with an electrified fl
grid from which it receives electric shocks. The rat can escape these shock
climbing onto a wooden platform. In this case, the response is climbing, and
outcome is escape from shock—shock has been subtracted (negative) from
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 fut
In other words, the climbing response has been reinforced. Because the o
come involves a subtraction (shock is taken away), this is an example of nega
reinforcement. Negative reinforcement is sometimes called escape or avoid

CATEGORY OF REINFORCEMENT LEARNING
Behavior (response)

Good

Increase

Decrease

(+)

(-)

Positive reinforcement

Outcome
Bad

(-)
Negative reinforcement

Negative punishment

(+)
Positive punishment

Positive: added!
Negative: subtracted!

BEHAVIORAL PROCE

Table 5.1
Operant conditioning paradigms

Outcome is
added (positive)

Outcome
is removed
(negative)

Response increases
(reinforcement)

Response decreases
(punishment)

Positive reinforcement

Positive punishment

Example: Clean room
weekly allowance

get

Example: Tease little sister
receive parental scolding

Negative reinforcement
(escape/avoidance training)

Negative punishment
(omission training)

Example: Take aspirin
headache goes away

Example: Fight with other
children
time-out from
play

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

What’s what?

Positive punishment

Negative reinforcement

encouraged (reinforced)
because
it causes something
to be subtracted
from
reinforcement.
Negative
reinforcement
is sometimes
called escape
or the
avoidance
environment.
Thus,
you havecauses
a headache,
you can
take
to make
the
training
because
theifresponse
an escape
from,
oraspirin
avoidance
of, something
headache go away:
aversive
(such as headache or shock).
S (headache) R (take aspirin) O (no more headache)
Just as behavior can be reinforced by taking bad things away, so behavior
result isby
that
you are
more
likely away.
to takeThis
aspirin
again
time you
canThe
be net
punished
taking
good
things
kind
of next
paradigm
is called
have a headache, so this scenario is an example of reinforcement. The outcome,
negative punishment because something is subtracted (negative) from the
though, is not something added but something subtracted: the headache is
environment,
and thisa rat
subtraction
punishes
the behavior.
Again,
as with
negative
taken
away. Similarly,
can be placed
in a chamber
with an
electrified
floor
EXAMPLE
reinforcement,
word “negative”
does The
not mean
means
“subtraction”
grid from whichthe
it receives
electric shocks.
rat can“bad”;
escapeitthese
shocks
by
in
a
mathematical
sense.
(Negative
punishment
is
also
sometimes
called
climbing onto a wooden platform. In this case, the response is climbing, and theomission
outcome because
is escapethe
from
shock—shock
has been
subtractedbeing
(negative)
from from”
the
training
response
R results
in something
“omitted
the
rat’s immediate environment:
environment.)
For example, if Becky displays aggressive behavior toward other
this?while the other
S (shock)
R (climb)
O teacher
(no moremay
shock)
children
during
recess, the
make Becky sit What’s
by herself
The net
result is that the rat is more likely to climb the platform in the future.
children
play:
In other words, the climbing response has been reinforced. Because the outS (recess) R (aggressive behavior) O (loss of playtime)
What’s this?
come involves a subtraction (shock is taken away), this is an example of negative
The net effect
is thatreinforcement
Becky may beis less
likely to
display
aggressive
behavior
reinforcement.
Negative
sometimes
called
escape
or avoidance
training
becauseThis
the response
an escape
from, or is
avoidance
of, something
in
the future.
kind ofcauses
negative
punishment
sometimes
called a “timeaversive
(such is
as headache
out”:
Becky
punishedorbyshock).
time
away
from
a normally
reinforcing
activity.
How
can you
make
this one to positive
punishment?
Just
as
behavior
can
be
reinforced
by
taking
bad
things
away,
so
behavior
Time-outs work only if the activity being restricted is something reinforcing. A
can be punished by taking good things away. This kind of paradigm is called
time-out
from an activity the child doesn’t like may actually serve to reinforce,
negative punishment because something is subtracted (negative) from the
rather
than reduce,
bad behavior
that
theAgain,
time-out!
environment,
and thisthe
subtraction
punishes
theearned
behavior.
as with negative
Negative punishment
is widely
applied
in human
teenagers may be
reinforcement,
the word “negative”
does
not mean
“bad”; itsociety:
means “subtraction”
grounded
for staying
too late,
drivers may
have
their licenses
for
in a mathematical
sense.out
(Negative
punishment
is also
sometimes
called suspended
omission
training because
the response
R results
in something
being
the their
speeding,
and people
who don’t
pay their
credit card
bills“omitted
on timefrom”
may have
environment.)
For example,
if Beckytheir
displays
aggressive
behavior
otherIn each
credit
rating reduced,
decreasing
ability
to get credit
in toward
the future.
children
recess,behavior
the teacher
make Becky
sit by herself
while the
otherhope of
case,
an during
undesirable
ismay
punished
by revoking
privileges
in the
children play:

decreasing the likelihood that such behavior will occur again in the future.
S (recess) R (aggressive behavior) O (loss of playtime)
Table 5.1 summarizes the four types of training. Keep in mind that the terms
The net effect and
is that
Becky may bedescribe
less likely
to display
behavior (rein“reinforcement”
“punishment”
whether
theaggressive
response increases
in the future. This kind of negative punishment is sometimes called a “timeforcement)
or decreases (punishment) as a result of training. The terms “positive”
out”: Becky is punished by time away from a normally reinforcing activity.

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 headache 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:

PARTIAL REINFORCEMENT SCHEDULES

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.
What
is this
In other
words,
theschedules?
climbing response has been reinforced. Because the outcome involves a subtraction (shock is taken away), this is an example of negative
Continuous
reinforcement
schedules,
meaning that
eachescape
response
R is always followed by the outcome O
reinforcement.
Negative
reinforcement
is sometimes
called
or avoidance
training because the response causes an escape from, or avoidance of, something
aversiveThen,
(suchhow
as headache
or shock).
about this?
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
S => Rpunishment
R R R R R =>
O!
negative
because
something is subtracted (negative) from the
environment, and this subtraction punishes the behavior. Again, as with negative
Partial reinforcement
schedules
intermittent
reinforcement
schedules)
reinforcement,
the word “negative”
does(or
not
mean “bad”;
it means “subtraction”
What’s yoursense.
example?
in a mathematical
(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 “timeout”: Becky is punished by time away from a normally reinforcing activity.

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
(a) Fixed-ratio (FR) and
2. Postreinforcement pause
variable-ratio (VR) schedules
Cumulative
number of
responses

VR 5
FR 5

Cumulative
number of
responses

Time

Figure 5.2c), which is one reason why some researche
in this format. Figure 5.6a shows the hypothetical b
respond on an FR 5 schedule: steady response rates lea
ment, followed by a brief pause before another roun
order to obtain a new reinforcement.

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.

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

(a) Fixed-ratio (FR) and
variable-ratio (VR) schedules
Cumulative
number of
responses

VR 5
FR 5

BEHAVIORAL P

Cumulative
number of
responses

VI 10-sec

What caused the “scalloped” cumulative response curve?
FI 10-sec

Time

Time

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 reinforcement, followed by a brief pause before another round of responding begins in

Figur

Reinfor
each fig
tive resp
cal rat; a
delivery
FR 5 sch
after eve
produce
respond
reinforce
postrein
line) foll
of food.
(reinforc
response
fast and
with litt
ment pa
next res
another
FI 10-se
ment for

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 “postreinforcement pause” by ending each chapter with an exciting cliffhanger so that readers will keep turning pages to see what happens next.
2. Fixed-interval (FI) schedule. Whereas an FR schedule provides reinforcement 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

© King Features Syndicate, Inc.

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.
(a) Fixed-ratio (FR) and
variable-ratio (VR) schedules
Cumulative
number of
responses

VR 5
FR 5

Cumulative
number of
responses

Time

Figure 5.2c), which is one reason why some researche
in this format. Figure 5.6a shows the hypothetical b
respond on an FR 5 schedule: steady response rates lea
ment, followed by a brief pause before another roun
order to obtain a new reinforcement.

Which one?

PARTIAL REINFORCEMENT SCHEDULES
– 4 BASIC TYPES
4.Variable-interval (VI) schedule
BEHAVIORAL
Ex) A VI schedule reinforces the first response after an interval that averages a particular length of time.
(b) Fixed-interval (FI) and
variable-interval (VI) schedules

(a) Fixed-ratio (FR) and
variable-ratio (VR) schedules
Cumulative
number of
responses

VR 5
FR 5

Cumulative
number of
responses

VI 10-sec

FI 10-sec

Time

Time

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 reinforcement, followed by a brief pause before another round of responding begins in
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CHOICE BEHAVIOR
Key A

Key B

VI 2-min schedule

VI 1-min schedule

What should the pigeon do?

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

($20 each)

($50 each)
4

4
Bliss point

3

3

2

2

New bliss point

BEHAVIORAL ECONOMICS AND THE BLISS POINT
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Figure 5.8 Behavioral

Economic
theory predicts that each consumer will allocate resources in a
Bliss point
way that maximizes her “subjective value,” or relative satisfaction. (In microeconomics, the word “utility” is used 3instead of “subjective value.”) The value
3
is subjective because it differs from person to person: one individual may find
New bliss point
much subjective value in an expensive apartment, but another
may find more
2
2
subjective value in having extra money to buy clothes and food. The particular
allocation of resources that provides maximal subjective value to an individual
1
1 Timberlake, 1980). We determine an
is called the bliss point (Allison, 1983;
individual’s bliss point simply by recording what that individual chooses to do.
For example, suppose Jamie, a college0 student, has a part-time job and takes
0
2
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6
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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
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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 subdivided into the caudate nucleus and the putamen. The dorsal
striatum receives highly processed stimulus information 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 association (e.g., lever-press R to obtain food O) as well as control rats can. But if discriminative stimuli are added (e.g., lever-press R is reinforced only in the presence 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-
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WANTING & LIKING

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)

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
Figure 5.11 The ventral
area of the brain seemed to be acting much like a reinforcer: increasing the probtegmental area (VTA) and substantia nigra pars compacta
ability of certain responses (in this case, hanging around the correct location).
(SNc) The VTA (part of the midOlds was intrigued, to say the least. He rigged a Skinner box so that the rats
brain) and the SNc (a part of the
could press a lever to turn on the electrical stimulation. The rats were soon lever
basal ganglia) are small regions
pressing at a furious rate: as many as 700 times an hour (Olds, 1958). If allowed,
containing neurons that project
rats would press the lever continuously for up to 48 hours, until they collapsed
dopamine to many brain areas,
from physical exhaustion! Given a choice between electrical stimulation and
including the dorsal striatum and
Pleasure
center?
frontal
cortex.
food,1954,
the rats
would
literally
starve themselves, preferring the
James
Olds’
experiment…
stimulation (Routtenberg & Lindy, 1965).
Frontal
Dorsal striatum
As many
as 700
times per
Later
studies
identified
thathour!!
rats would work for electrical cortex
Substantia nigra
stimulation in several brain areas, including the ventral tegpars compacta
mental area (VTA), a small region in the midbrain of rats,
(SNc)
humans, and other mammals (Figure 5.11). The electrodes
in Olds’s original studies were probably stimulating hypothalamic 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 Ventral tegmental
area (VTA)
and other areas of the brain where electrical stimulation was
effective became informally known as “pleasure centers.”

CH05NEW.indd 195

WHAT’S THE WANTING & LIKING?

Were they really enjoying?
Or just excited?
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Figure 5.11 The ventral

tegmental area (VTA) and substantia nigra pars compacta
(SNc) The VTA (part of the midbrain) 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.

DOPAMINE : MORE WANTING?
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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 pellets 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.

■

Free condition to get RWD

OPERANT CONDITIONING

Lever presses 2000
for sugar
pellets 1800

Intake of freely 7
available chow
(in grams)
6

1600
5

1400
1200

4

1000
3

800

[Adapted from Salamone et al., 2002.]

600

2

400
1
200

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

0

Control

Dopamine
antagonist

(a)

0

Control

Dopamine
antagonist

(b)

10/12/12 10:09 AM

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 pellet
to rat chow, and they will work for the pellets by lever pressing, even if chow i
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 fo
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 Protestan
ethic effect: animals with normal dopamine levels prefer to work to obtain thei

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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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
Neuron 88, October 21, 2015 ª2015 Elsevier Inc.
247 modify the intrinsic excitability of neuron B51,
differentially
a critical element for the expression of the feeding response,
thus revealing that these two forms of associative learning
differ at the cellular level.
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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
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OPERANT CONDITIONING IN APLYSIA

APLYSIA BITING BEHAVIOR

https://www.youtube.com/watch?v=NDu9l5cqt1E

OPERANT CONDITIONING IN APLYSIA
Feeding behavior of Aplysia: A model system for comparing
cellular mechanisms of classical and operant conditioning
Douglas A. Baxter1 and John H. Byrne
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Feeding behavior of Aplysia: A model system for comparing
cellular mechanisms of classical and operant conditioning
Douglas A. Baxter1 and John H. Byrne

