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Our ability to learn seems boundless. We continue to learn new things every day,
and we continually use the products of our past learning. Our learning affects how

we perceive, remember, think, and behave. In this chapter, we will focus on what
psychologists have learned about how we learn

In general, two types of psychologist
psychologists—have studied learning,

s—behavioral psychologists and cognitive
and they have gone about their research

. nt emory system, store it over time, and later
retrieve it for use. A cognitive Psychologist would be interested in how you learn

the information in this textbook and what type of study technique would lead to
the best memory for this information.

In this chapter, we will first focus on what behavioral psychologists have dis-

lassical conditioning and operant

: : e biological constraints upon such
learning and also begin a discussion of the cognitive approach to learning (cov-

ered in detail in the next chapter, on how we remember),

Learning Through Classical Conditioning

Does the name “Pavlov” ring a bell? If you understand this really bad joke, then
you are already somewhart familiar with classical conditioning learning that
one stimulus signals the arrival of another stimulus. A stimulus (plural: stimuli)
is any sight, sound, smell, taste, or body sensation that a human or animal can
perceive. You know from Chapter 1 that Pavlov’s dogs salivated to the sound of a
tone (the first stimulus) because they learned to expect food in their mouth (the
second stimulus) after hearing the tone. This may not sound like the research of a
Nobel Prize-winning scientist, but it was important work that had a great impact
on our understanding of how we learn. Classical conditioning is sometimes
referred to as Pavlovian conditioning because Pavlov was the first researcher to
study this type of learning systematically. So, let’s take a closer lc?ok'at Pavlov's
tesearch to gain an understanding of classical conditioning and its importance

in learning,

classical conditioning Acquiring
The Elements and Procedures a new response (the conditioned
of Classical Conditioning response) to a previously neutral

' ; i : stimulus (the conditioned stimulus)
30 Pavlov was 5 Russian physiologist who won a Nobel Prize that reliably signals the arrival of an

' 1904 for his earlier work on the physiology of digestion. Kunconditioned stimulus.
Pavloy studied the digestive processes of dogs. During these
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experiments, the dogs were strapped into hy,.
nesses and had tubes inserted in their cheeks ¢,
measure salivation, the initial step in the diges.
(Ve process. Pavlov had cleverly found a way ¢,
divert the saliva so that it was excreted through
the dogs’ cheeks. As part of this research, the
dogs were given food (meat powder), and thep
the amount of saliva excreted was measured.
During this research, Pavlov made an acciden.
tal discovery. He noticed that the dogs started
to salivate before the meat powder was even
put in their mouths. For example, the dogs
salivated when they heard the footsteps of his
assistants bringing the meat powder. Pavlov
wanted to know why, and this became the focus
of his research for the remainder of his career.

Scrence Sou

This is a photograph of Pavlov's experimental labora-
tory. Look at the dog's left cheek. Pavlov devised a
surgical insert that diverted the dog's saliva to exit its
cheek so the saliva could be measured accurately.

So what exactly did he do?

Unconditioned stimulus (UCS) and unconditioned response (UCR). First, let’s
consider why the dogs salivated when the meat powder was put in their mouths
This is a reflexive response—when food is put in your mouth, you salivate. Dogs
do it, I do it, you do it. This is called a reflex—a sumulus-response pair (food in
the mouth and salivation) in which the stimulus automatically elicits the
response. The reflexive stimulus (food in the mouth) that elicits the automanc
response (salivation) is referred to as the unconditioned stimulus (UCS), and
the response automatically elicited by the UCS is referred to as the uncondi-
tioned response (UCR). The key word is “unconditioned.” This means that no
learning was necessary for this stimulus (the food, in our example) to elicit the
response (salivation, in our example). It's a naturally occurring reflex. Now let’s
examine how such reflexes are used to achieve conditioning.

Conditioned stimulus (CS) and conditioned response (CR). Pavlov began with
a neutral stimulus, a stimulus that does not naturally elicit the to-be-conditioned
response. Pavlov used various neutral stimuli, such as a ton¢
generated by a tuning fork, a light, and a touch on the leg, in
his conditioning research on dogs (Pavlov, 1927/1960).
Before conditioning, his dogs did not automatically salivate

reflex A stimulus-response pair in
which the stimulus (the uncondi-
tioned stimulus) automatically elicits
the response (the unconditioned

response).

unconditioned stimulus (UCS) The
stimulus in a reflex that automatically
elicits an unconditioned response.

unconditioned response (UCR) The
response in a reflex that is auto-
matically elicited by the unconditioned

stimulus. J

to these stimuli. They had to learn (be conditioned) to do
this. To achieve such conditioning, the neutral stimulus (for
example, a tone) is presented just before the UCS (the food).
What does “just before” mean? This can mean a few seconds,
but the optimal time interval between the onsets of the W0
stimuli is usually very brief, only a half-second to a full sec:
ond (Mazur, 1998). In addition, the two stimuli usually need
to be paired together for several trials. Nevertheless, there ar¢
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put think about the Little Albert study by

was a white rat so the generalization stimuli could not be varied symmetrically
around it. What do you think they used to test for generalization? The main
objects that they used were other animals—a rabbit, as you can see in the photos
of the experiment, and a dog (neither was white)—and Rayner’s furry sealskin
coar (also nonwhite), but they also used some less similar inanimate objects—for
example, a white-bearded Santa Claus mask, a package of white cotton, and some
wooden toy blocks. Even though the generalization stimuli did not vary sym-
metrically around the white rar and the reporting of the generalization data was
somewhat imprecise given that it was descriptive (e.g., “pronounced withdrawal
of the body and whimpering”) and not quantitative, the characteristic pattern of
generalization results was by and large observed—as the generalization test stim-
uli became less similar to the CS (the white rat), the strength of the CR (the fear-
avoidance response) decreased. Albert’s responses to the animals and the sealskin
coat (furry stimuli) were all strongly negative. He showed a much weaker negative
response to the bearded Santa Claus mask and only a mild negative response to
the white cotton, indicating that Albert generalized his fear more to furry stimuli
than to white stimuli (at least the ones used in the study). As would be predicted
because of their dissimilarity to the white rat, Albert showed no fear of the toy
blocks and actually played with them.

Sometimes we overgeneralize and need to narrow our responding to a specific
sumulus or smaller set of stimuli. In the case of the dog bite, we might overgen-
eralize and fear any dog. This wouldn’t be rational, so we would need to learn to
discriminate dogs that might bite us from those that would not. Such discrimina-
tion learning can be thought of as the opposite of generalization. Generalization
leads to the CR being given to a broader set of stimuli; discrimination leads to the
CR being given to a narrower set of stimuli. In classical conditioning, stimulus
discrimination is the elicitation of the CR only by the CS or only by a small set
of highly similar stimuli that includes the CS. In the dog bite example, this would
be learning only to fear potentially dangerous dogs. - o

Discrimination training is used to teach stimulus discrim‘m_anon. We \.wl_l dis-
cuss the simplest case—learning to give the CR only to the °rfg'"al O This mehe
same procedure used to determine the sensory abilities of animals. In this type of
discrimination training, the UCS follows only the origil.lal CS, the one snm:lll:s
t© which you want the animal or human to respond (give the CR). None ot the
other stimuli used in the training are followed by the UCS. During discr ‘8’({2“;‘0'"
raining, you present many different stimuli numerous tmes, butl:l'ul‘1 . té’
follows the original CS. Whar do you think happt‘ns? W'hat normally happe |
the CR when the UCS is removed in classical conditioning? | i tus discrimination (in classical

Watson and Rayner. Their original CS

: ; oig ? e icitation of the
Itis extinguished. This is what discrimination training does; cg:g:::g::!":::::oz's':'?g;: b:; i snn:
it dias - e c

"t diminishes the responding to the other stimuli. ditioned stimulus or only by a small set

Idealized results of stimulus discrimination training | o highw_s.imi'a'St,im"::l;hamc'uaes
f 2 CS tone of 1,000 Hz in our Pavlovian classical con- | - the conditioned stimulus.
. » .

S . p . Sce.
toning example are shown in Figure 4.3. As you can
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Before Conditioning

Uncondit}ongiVS!i‘mﬂus(UCS) ‘ elicits ’ Unconditioned Response (UCR)

Neutrél _Stimulus {NS) )

Does not elicit to-be-conditioned response

During Conditioning Trials

s
Present | Neutral Stimulus (NS) | just before

'I Unconditioned Stimulus (UCS) ‘(which automatically elicits UCR)

After Conditioning

A &nditioned Stimulus (CS; former NS) ] elicits @nditioned Response (Cm

Figure 4.1 | The Elements of Classical Conditioni
you start with a reflex—an unconditioned stimulus (

ng | In classical conditioning,
unconditioned response (UCR). To condition a new

UCS) that automatically elicits an

ings, the neutral stimulus elicits a new response

The neutral stimulus is now referred to as the conditioned stimulus (CS).

as effective if the trace interval between stimu
& MacDonald, 2002). It also a

both the cerebellum and hi
whe

li is very short (Powell, Symbaluk,
ppears that for trace conditioning, processing by
ppocampus is essential for successful
reas for delayed conditioning, only processing by the cerebellum is necessary
(Clark & Squire, 1998). In trace conditioning, processing by the hippocampus is
necessary to establish a memory trace of the CS so that it can be associated with
the UCS following the trace interval (Bangasser, Waxler, Santollo, & Shors, 2006).
In addition, i appears thar delayed conditioning can be accomplished without
conscious awareness of the temporal relationship between the CS and UCS, burt
trace condntioning cannot (Clark & Squire, 1998).

The entire classical conditioning process is diagrammed in Figure 4.1. Stuc.ly
the diagram to make sure you understand the four elements that are involved in
classica] conditioning—the UCS, UCR, CS (the former neutral stimulus), and CR~
To ensure thar you understand, next we'll consider another famous example of
classica) conditioning, the Little Albert study.

The Little Albert stuq
“ly parg of the twe
atson, 1913

conditioning

y. John Broadus Watson, an American psychologist in the
ntieth century, was the founder of behav:grgl Psychology
» 1919). He was very impressed with classical cqndmomng ;}nd :s
Potential use o make psychology an objective science of behavior. To exammcft e
Possible role of such conditioning in human emotional responses such‘a.s ear,
tson and his research assistant, Rosalie Rayner, conducted a fear-condmm:lﬂg
"udy on an infant they referred to as Albert B. (Watson & Rayner, 1920). \Xd ;‘n

 Study began, Albert was about 9 months old, and when the study ended, he
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Strong
Acquisition trials Extinction trials Extinction trials
(CS followed (CS only) (CS only)
5 by UCs) continued
k)
£
g Spontaneous
& recovery of CR
Weak
(a) (b) Break (c)
Time

Figpre 4.2 | Acquisition, Extinction, and Spontaneous Recovery | Panel (a)
depicts the acquisition of the CR

extinction training, there is a tem
lowing the break, depicted in pa
recovery. The amount of recove

e, however, that when a break is taken during
porary partial recovery in strength of the CR fol-
nel (c). This partial recovery is called spontaneous
Ty lessens as extinction training continues.

following a rest interval. This is called spontaneous recovery,
strength of the CR following a break during extinction trials
extinction continues, however, the recovery obse

a partial recovery in
(see Figure 4.2¢). As

rved following the rest intervals
continues to decrease until it is minimized. For example, the dog would salivare

very little or not art all to the tone. The spontaneous recovery that occurs during
the extinction process indicates, as Pavlov had concluded, that the CR may not
be totally lost during extinction, but only greatly weakened or inhibited. Research

since Pavlov’s time has demonstrated that this is indeed the case (Bouton, 1994;
Rescorla, 1996).

Stimulus generalization and discrimination. In addition
to acquisition, extinction, and spontaneous recovery, there

: : : spontaneous recovery (in classical
are two other general learning processes involving the CR—

‘ conditioning) A partial recovery in
stmulus generalization and discrimination. Let’s consider strength of the conditioned response
. - . v . . . H N ' 2
generalization first. After acquisition of a CR (salivating) to | following a break during extinction

: i A training.
4 CS (a tone), we observe generalization. In stimulus gener-

izati i T o > > stimulus generalization (in classical
alization, stimuli similar to the CS elicit the CR. The more conditoning) The elcitation o th
similar the stimulus is to the CS, the stronger the response | ¢onditioned response 1o stimuli that
are similar to the conditioned stimulus.
| £ e A imilar the stimulus is to the
ditioning would not be a very useful type of learning if it | The moresim

3 7 conditioned stimulus, the stronger the
only allowed us to learn relationships between specific stim- k

will be. Generalization is an adaptive process. Classical con-

response.
uli. Ifa dog bites you, isn’t it more adaptive to generalize the




LEARNING THROUGH OPERANT CONDITIONING | 163

response (UCR). The optimal way to pair the two stimuli together in classical condi-
tioning is called delayed conditioning. The CS is presented shortly before the UCS,
but the CS continues so that the two stimuli occur together (the tone is turned on and
left on until the meat powder is put in the dog’s mouth). The learning is the acqui-
sition of a new response, the conditioned response (CR) to the CS (the dog starts
salivating to the sound of the tone).

Once this new response is acquired, it will be generalized to stimuli similar to the
CS (tones similar in frequency to the particular tone used as the CS in conditioning).
Although this generalization of the CR is an adaptive process, we can learn to dis-
criminate the CS (the particular tone used in conditioning) from other stimuli (tones)
except those highly similar to the CS. In discrimination learning, we learn that the
CS is the only stimulus that is followed by the UCS. When the UCS no longer fol-
lows a stimulus, the CR (salivation) is extinguished (no longer given). However, the
CR temporarily increases in strength following breaks during the extinction process.
This is known as spontaneous recovery and indicates that the CR may still be avail-
able in a weakened or inhibited form.

ConceptCheck | 1

At about the same time that Pavlov accidentally discovered classical condition-
ing and began studying it, an American graduate student at the University

of Pennsylvania, Edwin Twitmyer, was conducting his doctoral research (see
Twitmyer, 1974). Twitmyer was examining the strength of the knee-jerk reflex
and how this reflex might be affected by other physiological factors, such as
clenching one’s fists. During some of his trials, a bell would ring to signal to
the participant to clench his fists, then a hammer would strike the participant’s
knee, the knee would jerk, and the amount of knee jerk would be measured.
After many of these trials, Twitmyer noticed that a participant’s knee might jerk
before the hammer hit it. It jerked in response to the bell! Like Pavlov, he had
accidentally discovered a case of classical conditioning. Identify the UCS, UCR,
CS, and CR in this strange case of classical conditioning.

Explain why Watson and Rayner's Little Albert study is an example of the
delayed conditioning procedure, not the trace conditioning procedure.

Explain why generalization and discrimination can be thought of as opposites.

Explain which other general learning process is used in discrimination training.

I-eiirning Through Operant Condltloqmg
h.] the Previous section, we described classical conditioning—learning about asso-

. . , S o . % ]‘ ) .
“ations between stimuli in our environment. _ln [hlbl S.LC(fll opocaet conditioning Loaming o
ol consider another important type of conditioning, associate behaviors with their conse-
; nin iate behaviors with yences. Behaviors that are reinforced
[Nmt Wi g~learning o lead to ﬂead to s;atistying consequences) will

= ‘Onsequences. Behaviors that are reinforced (Io.a 2 e . and bahwiors ot
sfyi > shavior : /
Sansfymg consequences) will be strengthened, and behav | e punished (Ieadlltg unws:::g‘ngg
4 are Punished (lead to unsatisfying consequences) W1 \consequencelel e -
> e . 2
R o shed 1s
Weakened, The behavior that 1s reinforced or punlsh
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law of effect A principle developed
by Edward Thorndike that says that
any behavior that results in satisfying
consequences tends to be repeated
and that any behavior that results in
unsatisfying consequences tends not
to be repeated

referred to as the operant response because it “operates” on

the environment by bringing about certain consequences. We

are cnn\l.lnlly "opvr.mng” on our environment
For c.\.lmp]v. In meet-

and learning

from the consequences of our behavior.
ing someone whom you like and want to date, your behavior

(what you say and how you act) will either lead to sausfying

consequences (a date) or unsatisfying consequences (no date).

Satisfying consequences will lead you to act that way again in the future; unsatisfy-

ing consequences will lead you to change your behavior

Research on how we learn associations between behaviors and their conse-

quences started around the beginning of the twentieth century. American psy-
chologist Edward Thorndike studied the ability of cats and other animals to learn

to escape from puzzle boxes (Thorndike, 1898, 1911). In these puzzle boxes, there

was usually only one way to get out (for example, pressing a lever would open
the door). flmmdnkc would put a hungry animal in the box, place food outside
the box (but in sight of the animal), and then record the animal’s behavior. If the
animal pressed the lever, as a result of its behavior it would manage to escape the
box and get the food (satisfying effects). The animal would tend to repeart such
successful behaviors in the future when put back into the box. However, other
behaviors (for example, pushing the door) that did not lead to escaping and get-
ting the food would not be repeated.

Based on the results of these puzzle box experiments, Thorndike developed
what he termed the law of effect—any behavior that results in satisfying con-
sequences tends to be repeated, and any behavior that results in unsatisfying
consequences tends not to be repeated. In the 1930s, B.F. (Burrhus Frederic)
Skinner, the most influental of all behaviorists, redefined the law in more
objective terms and started the scientific examination of how we learn through

Edward Thorndike used puzzle boxes like the one shown here

in his classic learning studies with

cats. The boxes varied in how difficult they were for the cats to escape from. The puzzle box

was one of the easier boxes— pulling on a looped string raised the bolt to open the door. More
difficult boxes required the cat to make more than one response. The results of these pu.zzle box
experiments led Thorndike to develop the law of effect.

uscriots &

5
b3
s
s

1822-19865 (in

Vives, Yole University
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i copdmunu!az (Skinner, 1938). Let’s move on to Skinner’s redefinition
and a description of how operant conditioning works.

Learning Through Reinforcement and Punishment
To “"d"f“""d how operant conditioning works, we first need to learn Skinner's
redefinitions of Thorndike’s subjective terms, “satisfying” and “unsatisfying”
consequences. A reinforcer is defined as a stimulus that increases the prol)ai)ility
of a prior response, and a punisher as a stimulus that decreases the probability
of a prior response. Therefore, reinforcement is defined as the process by which
the probability of a response is increased by the presentation of a reinforcer fol-
lowing the response, and punishment as the process by which the probability of
a response is decreased by the presentation of a punisher following the response.
“Reinforcement” and “punishment” are terms that refer to the process by which
certain stimuli (consequences) change the probability of a behavior; “reinforcer”
and “punisher” are terms that refer to the specific sumuli (consequences) thac are
used to strengthen or weaken the behavior.

Let’s consider an example. If you operantly conditioned your pet dog to sit by
giving her a food treat each time she sat, the food treat would be the reinforcer,
and the process of increasing the dog’s sitting behavior by using this reinforcer
would be called reinforcement. Similarly, if you conditioned your dog to stop
jumping on you by spraying her in the face with water each time she did so, the
spraying would be the punisher, and the process of decreasing your dog’s jumping
behavior by using this punisher would be called punishment.

Just as classical conditioning is best when the CS is presented just before the
UCS, immediate consequences normally produce the best operant con'dirioning
(Gluck, Mercado, & Myers, 2011). Timing affects learning. lfthcr'c 1sa sxgqlﬁcant
delay between a behavior and its consequences, conditioning is very difficult.
This is true for both reinforcing and punishing consequences. The lcalfner tends
to associate reinforcement or punishment with recent bel?avior; apd if there 1s
a delay, the learner will have engaged in many other behawors during the delay.
Thus, a more recent behavior is more likely to be associa{cd with the consequcrllo
¢s, hindering the conditioning process. For instance, th'mk about tbe examples
we described of operantly conditioning your pet dog to sit or to stop Jumpmfg 03
you. Whar if you waited 5 or 10 minutes after she sat before giving her the foo
‘reat, or after she jumped on you before spraying her. Doyou | oinforcer A stimulus that increases

think your dog would learn to sit or stop jumping on you the probability of a prior response.
very easily? i > unisher should be present- unisher A stimulus that decreases
y? No, the reinforcer or p rh e o 16 rsponse

ed right after the dog’s behavior for successful conditioning,

Normall)' then, immediate consequences produce the uiqforchemcntb:;\i: tstgfc:sr::gonse

* learning. However, there are exceptions. For ex3 3 ::ti'rlucc':;age%r%v the presentation of a
ik abou studying now for a psychology exam I WO 4 gingo gy
¥eeks. The consequences (your grade on the exam) do not punishment The process by which the
1mmedia‘°‘)' follow your present study behavior. They come probability of a response is decreased

s | ’ . tion of a punisher.
,0: ‘l*'eeks later. Or think about any job that _yoll; hay :uh:fc by the presentation of a p
tkely didn'e get paid immediately. Typically, ¥
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Morris. Ohman, & Dolan, 1998; Olsson & Phelps, 2004). Using
delayed conditioning, Clark and Squire, for example, success-
l'ull\(' conditioned the eyeblink response in both nm‘"\g] .\mﬁi_
amnesic participants who were not aware of the tone-air puft
relationship. Participants watched a movie du.rmg the condi-
tioning trials, and postconditioning testing indicated that they
had no knowledge of the CS-UCS association.

General Learning Processes

in Operant Conditioning

Now that we have a better understanding of how we learn
through reinforcement and punisluncnt. let’s consider the

five general learning processes in operant conditioning that we discussed in the

context of classical conditioning—acquisition, extinction, spontaneous recov-

ery, generalization, and discrimination. Because some of the examples of these

processes are concerned with operant conditioning of animals, it’s important to
know how such animal research is conducted. It’s also important to learn how

to read cumulative records because they are used to measure and depict operant

B. F. Skinner and one of his operant
conditioning chambers, a “Skinner
box.” When the rat presses the
lever, an electrical relay system is
activated and reinforcement (such
as a food pellet) is delivered. In
addition to a lever, operant cham-
bers may contain other response
mechanisms, such as a key for a
pigeon to peck.

responding in the general learning processes.

For control purposes, behavioral psychologists conduct
much of their laboratory research on nonhuman animals. In
conducting their experiments with animals, operant condi-
tioning researchers use operant chambers, which resemble
large plastic boxes. These chambers are far from simple boxes,
though. Each chamber has a response device (such as a lever for
rats to press or a key for pigeons to peck), a variety of stimu-
lus sources (such as lamps behind the keys to allow varying
colors to be presented on them), and food dispensers. Here,
“key” refers to a piece of transparent plastic behind a hole in
the chamber wall. The key or other response device 1s con-
nected to a switch that records each time the animal responds.
Computers record the animal’s behavior, control the delivery
of food, and maintain other aspects of the chamber. Thus, the
operant chamber is a very controlled environment for study-
ing the impact of the animal’s behavior on its environment.
Operant chambers are sometimes referred to as “Skinner
b‘_’-“l‘S" because B. F. Skinner originally designed this type
of chamber. ‘ )

What if the animal in the chamber does not make the
response that the researcher wants to condition (for example,
what if the pigeon doesn’t peck the key)? This does happen, but
behavioral researchers can easily deal with this sicuation. They
use what they call shaping; they train the animal to make the
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anq when they needed to use it (when reinforcement became
available), they did. This e
blocking the optim

would use their ¢o

: observational learning (modeling)
Xplanation was tested further by Learning by observing others and

al route to the goal box to see if the rats imitating their behavior.

. gnitive map to take the next best route.
The racs did.

How Would such 3 map be created in the rat’s brain and how would it allow
the rat to navigate 1ts way through a complex environment, such as a maze? A few
decades CIJP?SL’d after Tolman’s research before these questions were answered.
The answer m\'ol\'cs. the tWo types of neurons in the brain, place cells
and gnc! cells. ?11)'51010gica1 psychologist John O’Keefe identified the place cells
located 1{1 the hlppocampus that function to build an inner map of the environ-
ment (Q ch{c, 1976; O’Keefe & Dostrovsky, 1971), and May-Britt and Edvard
Moser identified the grid cells located in the entorhinal cortex, a cortical region
next to the hippocampus, that generate a coordinate system and allow precise
positioning and pathfinding, a sort of inner GPS (Fyhn,l Molden, Witter, Moser,
& Moser, 2004; Hafting, Fyhn, Molden, Moser, & Moser, 2005; Moser and Moser,
2016; Sargolini et al., 2006). For their key contributions to our understanding
of this system, John O’Keefe and May-Britt and Edvard Moser shared the 2014
Nobel Prize in Physiology or Medicine. Brain imaging research along with studies
of patients undergoing neurosurgery have provided evidence that place and grid
cells also exist in the human brain and work as in the rat brain to provide us with
an inner GPS (Ekstrom er al., 2003; Jacobs et al., 2013). Other research has shown
that this is true also for bats and monkeys (Finkelstein et al., 2014), suggesting
that this navigational system arose early in mammalian evolution and that similar
neural positional algorithms are used across various mammalian species.

discovery of

Observational learning. Much learning by humans is more cognitive in nature
and does not involve conditioning through direct experience. Observational
learning, sometimes called modeling, is a good example. By watching a model, we
learn through vicarious reinforcement and punishment without bcin.g cogdi-
tioned directly. We learn to anticipate a behavior’s consequences in situations
like those that we have observed. Observational learning
(modeling)- learning by observing others and imitating their
behavior— plays a major role in human learning (Bandura,
1973). For example, observational learning helps us lca.rn
how to play sports, write the letters of the alphabet, ‘and dmte
dcar. We observe others and then do our best to imitate tI.mr
behavior, We also often learn our attitudes and appropriate
"5 to act out our feelings by observing good and bad models.
Toda)”s sports and movie stars are powerful models for such
“ming. n sum, imitation is pervasive in humans, even
Nfangs (Jones, 2007). _ _—
bert Bandura’s famous experiments on learning thlougd
modeling involved a Bobo doll, a large inflated clown doll, an

Albert Bandura

s

Courtesy of Albernt Bandura
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Lggressively toward t.he doll than the children v
consequences for acting aggressively toward the
Jffected by the consequences witnessed in the fi
the children if they could imitate the behavio
(snacks). Essentially, all of the children could do
means that the children all learned the behavio
of whether the behavior was reinforced, punish
According to Lansford (2012), researchers s
alizability of Bandura’s findings both with res
conducted in a laboratory setting) and the ¢,
dren’s observation of the adult model’s aggre
was a close temporal proximity in the studie
in other settings and after lengthier delays? It turns our that they do. More recent
studies have found that Bandura’s finding of children imitating aggression does
hold in a variety of nonlaboratory settings and after lengthy delays between obsery-
ing the aggression and then acting aggressively (Bushman & Huesmann, 2010;
Guerra, Huesmann, & Spindler, 2003; Slater, Henry, Swaim, & Anderson, 2003).
Much of the research on observational learning since Bandura’s pioneering
studies has focused on the question of whether exposure to violence in media
leads people to behave more aggressively. There is clearly an abundance of violence
on television and in other media. It has been estimated that the average child has
viewed 8,000 murders and 100,000 other acts of violence on television alone by the
ume he finishes elementary school (Huston et al., 1992), and more recent research
indicates that the amount of violence on television and in other media has
increased since Huston et al.’s study. For example, the Parents Television Council
(2007) found that violence in prime-time television increased 75% between 1998
and 2006, and the National Television Violence Study evaluated almost 10,000
hours of broadcast programming from 1995 through 1997 an‘d found that 6 1% of
the Programming portrayed interpersonal violence, much of it in an entertaining
or glamorized manner, and that the highest proportion of violence was in chil-
dren’s shows (American Academy of Pediatrics, 2009). l.iut do we learn to be m)ore
aggressive from observing all of this violence on television fand in other media? 5
Literally hundreds of studies have addressed this QUESHIOR, and ol i
"‘RCCt, the ﬁndings are both complicated and contmvgmlal. lxai;ng SClle::::
ewing  this literature, however, came to the following gener alcou[::e 5
Research on violent television and films, video games, and music reveals . jolent
@l evidence thar media violence increases the likelihood of aggressive an
R » (Anderson et al., 2003).
—“Vor in both immediate and long-term contexts” (Anc ¥ e play
S‘milarly, the authors of a recent meta-analysis of over 130 studies of video gan p
With 130 ‘s d Western cultures concludgd that expo-
296 participants across Eastern an _ ssive behavior,
e to yig) i i al risk factor for increased aggresst _
i Violent Yldeo games is a causal 11 d for decreased empathy and prosocial
g SIVe cognition, and aggressive affect an 010. p. 179) argues that this meta-
“f" (Anderson et al,, 2010). Huesmann (2010, p- re to video game violence
SIS “Droves beyond a reasonable doubt that exposu

ho had not been exposed to any
doll. The children’s behavior was
Im. Then Bandura cleverly asked
rin the film for reinforcement
s0. This is an important point. It
r through observation regardless
ed, or neither,

ubsequently questioned the gener-
Pect to the context (the studies were
emporal proximity between the chil-
ssion and their own aggression (there
s). Would children imitate aggression
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schedules as i1t would be with a continuous schedule. Obviously, it is easier to
exunguish the response if the reinforcement had been given continuously for
every response in the past. If a response is made and doesn’t get reinforced, the
responder knows immediately something is wrong because they have always
been reinforced after each response. With partial schedules, if a response is made
and doesn’t get reinforced, the responder doesn’t know that anything is wrong
because they have not been reinforced for every response. Thus, it will take longer
before extinction occurs for the partal schedules because it will take longer to
realize that something 1s wrong.

Do you think there are any differences in this resistance to extinction between
the various partial schedules of reinforcement? Think about the fixed schedules
versus the variable schedules. Wouldn't it be much more difficult to realize that
something 1s wrong on a variable schedule? On a fixed schedule, it would be easy
to notice that the reinforcement didn’t appear following the fixed number of
responses or fixed time interval. On a vanable schedule, however, the disappear-
ance of reinforcement would be very difficult to detect because it’s not known
how many responses will have to be made or how much nme has to elapse.
Think about the example of a variable-ratio schedule with the rat pressing a
lever. Because there is no fixed number of responses that have to be made, the
rat wouldn’t realize that its responding was being extinguished. It could be that
the number of lever presses necessary to get the next reinforcement 1s very large.
Because of such uncertainty, the variable schedules are much more resistant to
extinction than the fixed schedules.

Motivation, Behavior, and Reinforcement
We have just learned about how reinforcement works and that partial-reinforcement
schedules are powerful. But what initiates our behavior and guides it roward obtain-
ing reinforcement? The answer is motivation, the set of internal and extcm:q factors
that energize our behavior and direct it toward goals. Its origin is Fhe Latin word
Movere, meaning to set in motion. Motivation moves us toward reinforcement A
'Mitating and guiding our goal-directed behavior. There are several cxle““‘?“s;
OW motivation works. We will first consider a few general theones of mouvar
vior and then a distinction between two types of morivation and reinforcement,
€Xmnsic versus intrinsic.

Theories of motivation. One explanation of motivaton, dﬂWt motivation The set of internal and

reduction theory, proposes that first, a bodily need (such as external factors that ene,g,z: ou,l
unger) creates a state of bodily tension called a drive; thén- behavior and direct it toward goals.

Motivated behayior (seeking food) works to reduce this drive | 4ioq reduction theory A theory of

- that our
Vo : : ‘minate need and motivation that proposes
4 bta"""g reinforcement (food) to eliminate this T wior ts motivated to reduce drives

B L o .s-
eturn the body to a balanced internal state. Drives ar:. 'dl (bodily tension _statesl created Iwth
"UPtions of this balanced bodily state. We are “pushed” Inf@ | pcansfied b°“"":‘.’:(‘:’ﬂ:‘;l'::;': :
L<tion by these unpleasant drive states. They motivate our { bodytoa balanced ! '

- \ : oes a
1o to reduce the drive. Drive-reduction theory d
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good job of explaining some of our mot
cerned with biological needs, such as hung o
motivated behavior. Our behaviors are clearly mouvate
drive reduction. Even eating and drinking_arc
motivation. What if you accidentally run 1n
date and she/he asks you to lunch, but you ha
carlier? You would probably eat anot
other than hunger. Similarly, I'm sure that you 0
being truly thirsty. And is it rea ‘ g
study behavior? A complementary theory, the incentiv
been proposed to account for such behavior.
In contrast to being “pushed” into action
tive theory of motivation proposes that we
external environmental sumuli that do
of the motivation, according fo incentive
is an incentive for almost all of us. Goo
likely motivate much of your behavior to stu
is much like operant con

reinforcement.

vated behaviors, especially those con-
er and thirst; but it cannot explain all
d by factors other than

't always cases of drive-reduction
to someone thar you really want to
d eaten a full lunch 15 minutes
her lunch, wouldn’t you? We eat for reasons
fren drink beverages withour

lly a “chirst” for knowledge that motivates your
ory of motivarion, has

by internal drive states, the incen-
are :‘pullcd" into action by incentives,
not involve drive reduction. The source
theory, is outside the person. Money
d grades and esteem are incentives that
dy and work hard. Incentive theory
ditioning. Your behavior is directed toward obraining

Another explanation of motivation, arousal theory, extends the importance

of a balanced internal environment in drive-reduction theory to include our level
of physiological arousal and its regulation. According to aro'._lsal th'eory,' our
behavior is motivated to maintain an optimal level of arousal, which varies within
individuals (Zuckerman, 1979). When below the optimal level, our behavior 1s
morivated to raise our arousal to that level. We seek stimulation. We might, for
example, go see an action movie. If overaroused, then our behavior is morivated
to lower the arousal level. We seek relaxation, so we might take a nap or a quiet
walk. So in arousal theory, motivation does not always reduce arousal as in drive-
reduction theory, but rather regulates the amount of arousal (not too much, not

incentive theory A theory of motiva-
tion that proposes that our behavior
is motivated by incentives, external
stimuli that we have learned to asso-
ciate with reinforcement.

arousal theory A theory of motivation

that proposes that our behavior is

motivated to maintain an optimal level

of physiological arousal

Yerkes-Dodson law A law describing

the relationship between the amount

of arousal and the performance qual-

ity on a task—increasing arousal
up to some optimal level increases
performance quality on a task, but
increasing arousal past this point is
detrimental to performance.

i

too little).

In addition, arousal theory argues that our level of arous-
al affects our performance level, with a certain level being
optimal. Usually referred to as the Yerkes-Dodson law
because Robert Yerkes and James Dodson (1908) originally
proposed it, this relationship between level of arousal and
performance quality is rather simple. Shown in Figure 4.9,
it is an inverted U-shaped relationship. Increased arousal
will aid performance to a point (the optimal amount of
arousal), after which further arousal impairs performance.
Think about exams. You need to be aroused to do well on
them; but if you are too aroused, your performance will be
negatively affected.

To solidify your understanding of these three theories of
mouvation, they are summarized in Table 4.4.



Figure 4.9 | The Yerkes-Dodson Law | The
yerkes-Dodson law is very straightforward. As

arousal increases, the quality of performance
increases —up to the point of optimal arousal.

Further increases in arousal are detrimental to

performance.

Extrinsic motivation versus
intrinsic motivation. Motivation
rescarchers make a distnction
between extrinsic motivation,
the desire to perform behavior
to obtain an external reinforcer
or to avoid an external aversive
sumulus, and intrinsic motiva-
tion, the desire to perform a
behavior for its own sake. In
cases of extrinsic motivation,
reinforcement is not obrained
from the behavior, but is a result
of the behavior. In intrinsic
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Point of optimal

arousal
High /
z
=
=2
o
8
c
o
:
(=}
€
@
a
Low
Low Arousal level High
Table 4.4 BRI ROA AT B0
Theory Explanation
Drive-reduction Our behavior is motivated to reduce
theory drives (bodily tension states) created by
unsatisfied bodily needs to return the
body to a balanced internal state
Incentive Our behavior is motivated by incentives
theory (external stimuli that we have learned to
associate with reinforcement)
Arousal theory Our behavior is motivated to maintain an
optimal level of physiological arousal

motivation, the reinforcement is provided by the activity itself. Think abour what
fouare doing right now. What is your motivation for studying this material? Li}ce
most students, you want to do well in your psychology class. You are studying for
A external reinforcer (a good grade in the class), so your behavior is extrinsically
motvated. If you enjoy reading about psychology and studying it for its own sake
d not to earn a grade (and I hope that you do), then your studying would be
"tnnsically motivated. It is not an either-or situation. Both

TS o motivaion are probably mvolved in your study | et mataton e gesist
“havy . , X : . ‘
or, but the contribution of each type varies greatly for | foineorcoment

Gach studen.

intrinsic motivation The desire to

The pe; : : o -0 . :
¢ reinforcers in cases of extrinsic motivation—such as perform a behavior for its own sake.

» Money, and awards—are called extrinsic reinforcers.
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Figure 5.4 | Results for the

100 i
- . | | ‘ — ‘ ] Short-Term Memory Distractor
l | | 1 Task | This figure shows how
80 I . | forgetting in short-term memory
. | ! 1 | occurs over time. As the length of
= | | the distractor interval increases,
- § 60 Rapid decay forgetting increases very rapidly,
S S = ::':':::ﬂ 1 In less than 30 seconds, recall is
g g | g [ essen(i&"y ZBrO. (Dsta vom Poterscn | 1 s
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Time in seconds between presentation
of consonants and recall request
{no rehearsal allowed)

It enters your conscious short-term memory. You start to concentrate on it so
you can dial the number. Now what would happen to that number if you heard
someone screaming outside and you ran to see what had happened? Chances
are that you would forget the phone number (just like participants forget the
three consonants in studies using the distractor task), and then have to look it
up again. Information in short-term memory is in a temporary storage state, and
we need to concentrate on it to prevent it from being lost. Usually we use main-
tenance rehearsal to accomplish this. Maintenance rehearsal 1s repeating the
information in short-term memory over and over again in order to maintain it
For example, in the case of the phone number, we rehearse it over and over again
to ourselves until we dial it.

Maintenance rehearsal is just one type of work (processing and manipulating
information) performed in short-term memory. As we pointed out earlier, because
of all of the various types of work done in short-term memory, it is now often
referred to as working memory. For our purposes here, you can think of working
memory as a more detailed description of short-term memory that includes
the mechanisms thar allow short-term memory to accom-

maintenance rehearsal A type of
rehearsal in short-term memory in
which the information is repeated over
and over again in order to maintain it.

working memory A more detailed
version of short-term memory that
includes the mechanisms that allow
short-term memory to accomplish

its tasks. P

plish its tasks. To explain how working memory does this,
researchers have proposed differing models of the mecha-
nisms in working memory (Miyake & Shah, 1999). The
most influential explanatory model is that of Alan Baddeley
(2007, 2012; Baddeley & Hitch, 1974). In brief, Baddeley pro-
poses that there are four components of working memory:
(1) a phonological loop, (2) a visuospatial sketchpad, (3) an
episodic buffer, and (4) a central executive. The phonological
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loop allows you to work with verbal information for a short period of time. It is
what allows us to repeat the phone number in the maintenance rehearsal example
over and over in order to maintain it Similarly, the visuospatial sketchpad works
with visual and spatial information, such as the figures and illustrations on a page
in this book, as well as their spatial positions on the page. The episodic buffer
integrates informartion from the phonological loop, the visuosparial sketchpad,
and long-term memory, such as the integration of the visual information of your
teacher writing on the blackboard, the verbal input from his lecture, and the
meaning of all of this input from long-term memory. Itis called the episodic buf-
fer because it represents a temporary storage place (a buffer) for the integrated
representation of what is happening at any moment in time (an episode). Lastly,
the central executive component is responsible for coordinating the activities of
and distributing resources to the other three components so that the work (the
processing and manipulation of information) can be optimally accomplished. It is
also the mechanism for controlling our attention and communicating with long-
term memory. In brief, it is the CEO of working memory.

Now that we have a better understanding of how
need to think about what our goal is when we are trying to learn. It is not merely
to maintain information in short-term memory. Our goal is to put that informa-
ton into long-term storage so that we can retrieve and use it in the future, and our
short-term memory plays a large role in this task. In the last two major sections of
this chapter, we will look at the process of encoding information from short-term
memory into long-term memory and of retrieving that information from long-term
memory back into short-term memory at some later time. But first we need to get
an overview of long-term memory, the last memory stage in the three-stage model.

short-term memory works, we

Long-Term Memory

When we use the word “memory,” we normally mean what psychologists call long-

term memory. Long-term memory (LTM) allows storage of information for a

long period of time (perhaps permanently), and its capacity is essentially unlim-

ited. Remember the trillions of possible synaptic connections in the brain that we

discussed in Chaprer 2? They represent the capacity of long-term memory. The

brain’s memory storage capacity has been estimated to be around 2.5 prbytgs (a

million gigabytes), which would be enough to hold 3 million hours of television

shows if your brain worked like a video recorder (Reber, 2010). You would have

to leave the television running continuously for more than 3()0.)"ca‘rs to use up

all chat storage. We will consider the duration or permanence of information in

long-term memory in more detail later in this chapter when |

We consider theories of forgetting. i " long-term memory (LTM) The memory

The durations and capacities for all three stages of memory stage in which information is stored

are summarized in Table 5.1 (page 210). Review these so thar :)Oe'r:] 'aon"egngs;'::doil:'::e(22'“30;
' . s cpamne-dif . pacity is
You have a better understanding of how these three stages dif essentially unfimited.

. - SRR 5 -te PMOries.
fer, Next, let’s consider different types of long-term memorie
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Table 5.1 JULICUEL and Capacitie

Memory Stage

Sensory memory

Short-term memory

Long-term memory

Types of long-term memories. Memo
between various types of long-term m
tion is between memories that we hav
declarative statements about and those t

explicit (declarative) memory

Long-term memory for factual knowl-
edge and personal experiences. This

s of the Three Memory Stages

Duration Capacity

< 1 sec for iconic memory; Large

4-5 secs for echoic memory

Up to 30 secs without rehearsal 7 = 2 chunks

A long time (perhaps permanentlv) Essentially unlimited

ry researchers make many distinctions
emories (Squire, 2004). The first distine-
e to recall consciously and make
hat don't require conscious recall or
declarative statements (see Figure 5.5). Whar if someone
asked you, “Who was the first president of the United
States?” You would retrieve the answer from your long-term
memory and consciously declare, “George Washington.®

type of memory requires a conscious This is an example of what 1s called explicit (declarative)
effort to remember and entails making memory—long-term memory for factual knowledge and per-

declarations about the information

sonal experiences. Explicit memory requires a conscious

remembered. )
explicit effort to remember.
rl.ono-'l'mn Motyl
(Declarative Mo::vory) Implicit Memory
Memory that requires m&""""’;:"‘dmoﬂ)
' emory that does not
ot require conscious recall
Episodic Memory Semantic Memory Classical Procedural | |  Priming
Personal experiences Factual knowledge Conditioning Memory | influence of
Conditioned Motor and an earlier
'“Wﬂm cognitive presented
automatically skills stimulus
elicited by involving |  onthe
Conqnloood procedures | | response
St | to a later
\ l stimulus

—

BT of Long-T
Figure 5.5 | Types g-Term Memory | Memory researchers make a distinction between two major

types of long-term memory —explicit memory, which requi :

; ’ quires ¢
does not. Each of these two major types of long-term memo onsciou
of long-term memory, as defined in the figure.

- s recall, and implicit memory. which
fy Is further subdivided into more specific types
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Encoding Information into Memory
ory system —encoding, storage, and

There are three essential processes 1n our memory : S ;
retrieval. Encoding is the process of transferring information from one memory

stage to the next (from sensory into short-term memory anq fn-m) shAort-(crm
into long-term memory). Storage refers to the process of maintaining informa-
tion in a particular stage. Storage is temporary except f(?r in long-term memory,
Retrieval is the process of bringing information stored in long-term memory to
the conscious level in short-term memory. Let's go back to the flow chart of the
three-stage model of memory in Figure 5.1. Encoding and retricva.l determine the
flow of information within the three-stage system. Information is first encoded
from sensory memory to short-term memory, where it can be stored temporarily.
Information is then encoded from short-term to long-term memory, where it is
stored more permanently but can be retrieved and brought back into short-term

memory when we need to use it.

In this section, we will cover enco
short-term into long-term memory. Our focus
this transfer. We begin with a consideracion of general encoding strategies.

ding and its role in moving information from
will be on the best ways to achieve

How We Encode Information
The first distinction to consider is automatic versus effortful processing (Hasher &
Zacks, 1979). Automatic processing is processing that occurs subconsciously and
does not require attention. In contrast, effortful processing is processing that occurs
consciously and requires attention. For a particular type of processing to become
automatic, much practice is needed. A good example is reading. At first, learning t©
read is very effortful, but after years of practice it becomes easier and more automatc.
Wouldn’t it be nice if encoding to learn (studying) were an automatic process? Itis
unlikely that studying can become as automatic as reading, but we can get better at
it by using better encoding strategies and practicing these strat-
encoding The process of moving egies. In this section, we’ll discuss some better ways to encode.
information :rom one memory stage . This distinction between automartic and cffor’tful process:
o h et (o sansoy memon | ing can aso be applied to the threc-sage memory o<
and the explicit versus implicic long-term memory differ-

memory to long-term memory).
s en . : 5
storage The process of maintaining ce that we discussed in the last section. The three-stage

information in a memory stage. memory model is an explanation of how we process explicit
retrieval The process of bringing memories, which require conscious effortful processing
information stored in long-term Subconscious automatic processing, however, 1s rcgponsiblt‘
memory'mto short-.term memory. for storing implicit memories. If this automatic processing
automatic processing Memory pro- were to be represented in the three-stage memory model
cessing that occurs subconsciously depicted in Figure 5.1, } £ emor) R
and does not require attention. -1, 1t would be an arrow going straig

effortful processing Memory pro- ggTJ‘T::;ZW I?Put‘to long-term memory, [))-Passilug rht
cessing that occurs consciously and : ry stages and hence our conscious awarenes
requires attention. 9 Tl]c encoding strategies that we will discuss next, however

involve efforcful processing leading to explicit memories, 50
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mood-dependent memory Long-term
memory retrieval is best when a per-
son’s mood state at the time of encod-
ing and retrieval of the information is
the same.

mood-congruence effect Tendency to
retrieve experiences and information
that are congruent with a person’s
current mood.

mnemonic A memory aid.

method of loci A mnemonic in which
sequential pieces of information to be
remembered are encoded by associ-
ating them with sequential locations in
a very familiar room or place and then
the pieces of information are retrieved
by mentally going around the room
(place) and retrieving the piece at
each location.

7

There are similar effects on memof)’.‘hat depend on
the relationship between a person’s emon.onal states, such
as being happy or sad, at time of encoding and retrieva]
Because one’s mood is involved, these etTc;ts are referred
to as mood-dependent memory, the retrieval of a par-
ticular memory is better when a person’s mood at retrieval
is the same as it was during encoding. Like state-dependency
effects, mood-dependency effects furnish support for the
encoding specificity principle—context is important for suc-
cessful memory retrieval. There is also a related phenomenon
called the mood-congruence effect—the tendency to recall
memories that are congruent with a person’s current mood.
A particular mood cues memories that are consistent with
that mood (Eich, 1995). We tend to remember more positive
events when we are feeling good and more negative events
when we are feeling down. These events have been associ-
ated with the accompanying emotions. Thus, the emotions

serve as retrieval cues for the events. This congruence effect may hinder recovery

in depressed people because the
positive ones. In fact, this is the case. De

related to illness, injury, and death than nonde
Think positively, and the mood

attcude.

In summary, elaborative rehearsal is the
ing. Research has found thar actors working
rehearsal including encoding specificity, moo
reference effect (Noice & Noice, 1997) They
just memorize their lines. (Neither s
Elaborative rehearsal is the key to m

practice this type of rehearsal. You should i

y will tend to remember negative events and not
pressed patients report more memories

pressed people (Schacter, 2000).
~congruence effect will help maintain thar positive

most effective strategy for encod-
to learn their lines use elaborative
d-congmence effects, and the self-
. do not use shallow processing and
hould studencs try this in their courses!)
ore effective leaming. It is important o

: ntegrate information that you are try-
ing to learn with as much other info i :

especially relating it to yourself You

on in your knowledge base as you can,
will

rela : get better at this elaboration strategy as
you practice it, and leammg will become &

tors to remember speeches,
The Greek orators yse
“Loci” is the plural of v

easier.

d a mnemonjc called
ocus” which meon. the method of loci (Yates, 1966)-



che sequennal pieces of infor-

;:tmn to be remembered are firse ‘M JWS .
"'\u\”‘“"‘d with sequennal locations L _E_‘ﬂ‘iuu” -
:,zn:n famihar room or place. Then,

;htﬂ retmeving the informanion, one

would merely mentally go around the
om (or place) and retrieve the item
;wmj at each sequenual locarion
The Greek orators would mentally
qore the major points of a speech
x sequential locations in the room
here they were speaking. Then, dur-
o8 the speech an orator would go
fom location to location within the
wom to retrieve the key points of his
h. If you were trying to remem-

ber an ordered list of items for an
gam, you could pair the items system-
ancally wich locations within the classroom and then dunng the exam mentally go
from location to location within the classroom to retrieve them. The method of loci
isa type of elaborative rehearsal using mental imagery. You elaborate upon items
gt you want to remember by visually associating them wath a series of locations
that you already know well or thar will be available at the nme of recall

All mnemonics work by using some type of elaborarion. In another mnemonic.
the peg-word system, you visually associate the items 1n a list with a jingle that
you first memorize. The jingle is “One is a bun, two is a shoe, three is a tree, four
sadoor, five is a hive, six is sticks, seven is heaven, eight is a gare, nine 1s swine
and ten is 2 hen.” You then associate each successive item in the list with the
object for each successive number. For example, the first item on the list would
be associated visually in a mental image with bun. If the word to be remembered
were “dog”, then you might construct an image of a big bun wich a dog 1n 1.
Then, as you go through the peg words, you retrieve the associated image, so you
Ga retnieve the list.

One might think that these mnemonic techniques require much more effort

Just memornizing the information that we want to remember. But research-
& have found that people using mnemonics demonstrate much better memon
than those who have just attempted to memornize a list. Why? As we discussed

tather, elaborative rehearsal is betrer for encoding into long-

"You simply associate each number with a word, such as ‘table
and 3,476,029."

term memory. Professional memory experts do not have
Sieptional intelligence or scructural brain differences but
havc their own umque mnemonic Lcd‘.xm;uc» and
.'sup*’nor at using them (Maguire Valennne, Wilding, &
ur, 2003). Their techniques, like the ones thar we have
nibed, are all essentially based on elaborative encoding

peg-word system A mnemonic

n ch the tems in a list to be
Emembered are associated with the
seguennai tems in a memarized jingle
nd then the ist 1s retneved b going

uy

through the jingle and retrieving the
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the key to superior memory. For a fascinating journey ingo

spacing (di : i
p g (distributed study) che world of these memory cxpcr[s, you should read _[()shu3

effect Superior long-term memory for
spaced study versus massed study

(cramming).

walking with Einstein: The Ar

Foer’s engaging book, Moonwa :
and Science of Remembering Everything (2011). Under the

tutelage of some of these experts, Foer went.from being a
journalist with an average memory to winning thff U.S. Mcmory Ch"‘"‘P“’“~‘>""p
in 2006, testifying to the effectiveness of mnemonic techniques.

Mnemonics that involve little elaboration have not been found to be very effec.
tive. A good example is the first-lecter technique (Gruneberg & Herrmann, 1997)
In the first-letter technique, you compose a word, acronym, or sentence from the
first letters of the words you want to remember. This is the mnemonic that we
suggested in Chapter 3 to use to remember the colors of the spectrum (the name
ROY G. BIV—Red, Orange, Yellow, Green, Blue, Indigo, Violet). This mnemonic
helps, but it is not as effective as the other, more elaborative mnemonics, espe-
cially for more complex information.

So what else—in addition to elaborative rehearsal and the use of mnemonics—
improves encoding and retrieval? There are three concepts that will help:
(1) distributed study is better than cramming, (2) practice makes perfect, and
(3) testing enhances memory. The superior memory for spaced study versus cram-
ming is called the spacing (distributed study) effect. Your memory will improve
if you distribute your studying for an exam over the entire preparation interval
and not just the few days before the exam (Payne & Wenger, 1996). Hundreds
of experiments have shown the benefits of distributed study (Cepeda, Pashler.
Vul, Wixted, & Rohrer, 2006). In fact, for best results, distribute your studying
and cram. The more you study, the more you learn. Overlearning, contunuing
to study material past the point of initial learning, improves memory (Rohrer
& Taylor, 2006). Remember what we said abour practice and automaric process-

ing. Continued practice will make retrieval more automaric. Such practice may
not make you “perfect,” but you'll definitely do better. Lastly, don’t just study.
Incorporate repeated self-testing during your distributed study periods. Such
testing will enhance your memory by allowing you to practice retrieval, which 15
whar exams require (Roediger & Karpicke, 2006). Don’t wait for an exam to test
your retrieval; test it regularly during study. It will not only help you to pracuce
retrieval but also help you to guide your study by pointing out what you have

Jearned and what you have not learned.

Section Summary

In this section, we discussed the most effective encoding strategy elaborativé
rehearsal, which is relating new information to well-known informa;ion in long
term memory. Elaboration is most effective when we relate the new information ©
ourselves, the self-reference effect. Elaborative rehearsal leads to better memo™
because we create good retrieval cues when we integrate the new informatio”
with older, well-known information. This relates to the encodin specificity Pri"
ciple, which states that the best retrieval cues are those p’esentgduring encoding
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T'o understand, let’s consider the following

You will read a bricfdvscrip(iun of Linda, and then you will be asked to

make a judgment about her. Here’s the description:

Li"""_ is 31 years old, single, outspoken, and very bright. She majored
mn P'.’"‘?SOP.")" As a student, she was deeply concerned with issues of
discrimination and social justice, and also participated in antinuclear

demonstrations.
Which of the following alternatives is more likely?
Linda is a bank teller.

Lindais a bank teller and active in the feminist movement.

The representativeness heus To decide which alter-
native is more probable, most people would use what is
called the representativeness heuristic—a rule of thumb

for judging the probability of membership in a category by

people, including undergraduates, graduate students,
and professors, judge that the second alternative
(Linda 1s a bank teller and active in the feminist
movement) is more likely than the first alternative
(Tversky & Kahneman, 1983). Why? Linda resembles
someone active in the feminist movement more than
she resembles a bank teller. However, it is impossible
for the second alternative to be more likely than the
first. Actually the description of Linda is rotally irrel-

evant to the probability judgment!

Let's look at the set diagram in Figure 6.1. This dia-
gram illustrates what is known as the conjunction rule
for two different uncertain events (in this case, being
a bank teller and being acave in the feminist move-
ment). The conjunction rule is that the likelihood of

representativeness heuristic A
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heuristic for judging the probability of
membership in a category by how well
an object resembles (is representative

of) that category (the more

representative, the more probable)

how well an object resembles (is representative of) that category. Simply put, the
rule is: the more representative, the more probable. Using this heuristic, most

All people

active
in feminist All bank
movement tellers

I/
People who are both active
in feminist movement and
bank tellers

the overlap of two uncertain events (the green section
of the diagram) cannot be greater than the likelihood
of either of the two events because the overlap is only
Part of each event. This means that all of the tellers
whoare active in the feminist movement make up only
Part of the set of all bank tellers. Because the set of
bank tellers i larger and includes those tellers who are
dtve in the feminisc movement, it is more likely that
*omeone is a bank teller than that someone is a bank
teller and active in the feminist movement. Judging
thar j¢ ;s more likely thar Linda is a bank teller and

Figure 6.1 | The Overlapping Set
Diagram for the Linda Problem | The
overlap (the green area) of the two sets
(all bank tellers and all people active in
the feminist movement) indicates the
probability of being both a bank teller
and active in the feminist movement
Because this area is a subset (part) of
each of the two sets, its probability has
to be less than that for either of the two
sets. This is the conjunction rule




