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What is the capacity of

tong-term memory?

Our capacity for storing long-term
memeories is. essentially fimitless.
One research team, after studying the brain’s,
. neural connections, estimated its storage

capacity as “in the same ballpark as the
‘Wortd Wide Web." -

(Sejnowski, 2016}

lLearning Targets

"N 32-1 Discuss the capacity of and location
of our long-term memories.

™. 32-2 Describe the roles of the frontal lobes

and hippocampus in memory processing.

Module . 32-3 Describe the roles of the cerebellum
32 and basal ganglia in memery processing.
™ 32-4 Discuss how emotions affect our
. memaory processing.
Storing and . 32-5 Explain how changes af the synapse
Retrieving level affect cur memory processing.

Memories % 32-6 Analyze how external cues, internal
emaotions, and order of appearance
influence memory retrieval.

Where is long-term memory stored?

Psychologist Karl Lashley (1950) trained rats to find
their way out of a maze, then surgically removed
~pieces of lhelr brain’s cortex and retested Ihelr

No matter whtch smail bral nh he
rals reta:ned atleasta paulal memory of how to :
. nawgate the maze, i 2

Memones are bram-based but the bram dlstnbules
the components of & memory across a network of .
T focations, -

TRYIT

Tatk with your partner:

Which is more important—
your experiences or
your memories of them?

What role do the frontal lohes play in

processing explicit memories?

‘Remember from Module 31 that explicit memory is
retention of facts and experiences in the long-term
memory that one can conscrously know and "declare

: Expilcat memones are e:ther
semarmc (facts and generai know!edge)
such as George Washmgton was our f' rst pres:dent
PR DT BT o
ep:sodtc (expenenced events)
such as/ had a.clown at my &" birthday party
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d What does the research show about

What role do the frontal lobes play in
the subregions of the hippocampus?

semantic and episodic memory?

- 'One subregion is active as people . "
and mice Jearn social information.
(Okuyama ef al., 2016; Zeineh ol ai,, 2003)

semantic memory episodic memory

- Part of the hippocampus is active as memory
Calling up a visual party champions engage in spatial mnemonics.
scene would more {Maguire et al., 2003a)
likely activate the right e -
frontal lobe. The rear hippocampal region, which processes spatiail
memaory, grows bigger as London cabbies navigate

the city’s complicated maze of streets.
" (Waoleft & Maguire, 2011)

Recaliing a password and
holding it in working
memoyy, for
example, would activate
the left frontal lcbe,

. PP
ihe hippocampus What is memory consolidation®

' Memorres are e not permanent[y stored in ihe '
: : htppocampus ’

Explicit memories for
facts and episodes

are processed in the Instead thls structure seems to act as a Ioadlng dock

where the brain registers and: temporamy holds the -

hippocampus
(oran’;g stmcf,res in elements of ato-be-remembered episode—its smell
image to the right) feei sound and Iocatlon :
and fed to other brain . S .
regions for storage. Hippacampus: a subcortical Then, Irke older ﬁles shlﬂed toa. basement storeroom
= fimbic system structure in the . ."memories migrale for storage elsewhere.
temporal lcbes Thls process is catled memory. consohdatron.

\!er What is the role of the hippocampus
in memory processing?

How does sleep aid memory consolidation?

" - Durrng deep sleep, the hrppocampus processes
Cogf]atlve neuroscientists have found that the : b memones for Iater retrreval )
hippocampus, a temporal-iobe neural R P :
center located ’f;he E'mfb e Syslt.e;’" can be likened to. Researchers have watéhed the luppocampus
a “save” button for explict memories. and brain cortex displaying simutaneous actmty
. . R “thythins during sleep, as iftalkin
Brain scans reveal activity in the hippocampus and - j Lo -y (Eusm,, of argzgo7 f,e:: lzoto?) g
nearby brain networks as people form explicit :
memories of names, images, and events, - The brain may be replaying the days expenences as
(Squire & Wixfed, 2011; Wang et al, 2014) .. .. - it transfers them fo the cortex for: tong-term storage
R (Squrre & Zofa»Morgan, 1991)
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Bringing it ail together... the cerebetlum

When our learning is distributed over days rather the “littie brain"at the .
than crammed into a single day, we experience more ) rear
sleep-induced memory consolidation. - of the brainstem;
. . “functions
And that helps explain the spacing effect. include processing

N ) . sensory input,

Given time to consolidate new fearning over many coordinating movement

sieep cycles makes recall easiert output and balance, and o
" enabling nonverbal Soina ot~
fearning and mamory.

What role does the cerebellum

how are implici mori ? - .
So ho plicit memories processed play in memory processing?

The cerebellum plays a key role.in forming and
stonng the implicit memories created by
Your hippocampus and frontal lobes are processmg : o : IR c!ass:cal conditlonmg
sites for your explicit memones :
C Wth a damaged cerebellum peop!e cannot deveEop
But you could lose those areas and stifl, thanks to /certain condifioned reflexes, such as associating a

automatic processing, lay down implicit memories. tone with an impending puff of air~-and thus do not
for skills and newly conditioned associations. - - N blmk In antlcipatlon of lhe pufr -

{Daum & Schugens 1996 Green & Woudruff -Fak, 2000}

Consider this story... What role do the basal ganglia

play in memory formation?

A brain-damaged patient had amnesia which left her The basal ganglia, deep bran structures mvolved in
unable to recognize her physician as, each day, he . motor movement, facilitate formation of our
shook her hand and introduced himself. © - procedural memones (nondeciaralwe or lmpilcﬂ)

One day, she yanked her hand back, forthe - L - for skilis:- o
physictan had pricked her with a tack in his palm. Lo (Mfsh!m 1962, Mlshfﬂn et af 1997)
The next time he returned to introduce himself she .- ' e
refused to shake his hand but couldn’t explain why. - The basal gangha receive input from lhe coriex but do

Having been classically conditioned, - - " not return the favor of sending-information
she just wouldn’t do it. . : - back fo the conex for conscious awareness of
Having an implicit long-term memory, she felt what o7 - -procedural learning.

she could not explain.




What is infantile amnesia?
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What role does the amygdala play

in memeory processing?

As adults, our conscious memory of our first four
vears is largely blank, an experience called
infantite amnesia.

In one study, events that children experienced and
discussed with their mothers at age 3 were 60
percent remembered at age 7 but only 34 percent
remembered at age 9.

{Baueret al., 2007)

" Stress hormones focus memory,
Stress provokes the amygdala to initiate a memory
. trace that boosts activity in the brain's memory-

forming areas. .
- (Buchanan, 2007; Kensinger, 2007)

Its as if the amygdala says, "Brain, encode this
moment for future reference!” The resuit? Emotional
arousal can sear certain events into the brain, while

disrupting memory for irrelevant events.
(Brewin et 2l, 2007; McGaugh, 2015)

What are two infiuences that

contribute to infantile amnesia?

TRYIT

First, we index much of our explicit memory with a

command of language that young children do not ]

possess.

Second, the hippocampus is one of the last brain
structures to mature, and as it does, more gets

retained.
(Akers et al, 2014)

What rofe do each of the pictured structures
play in memory formation andrecall?

Frontsl
labes

5

{.

/ !
Hayppdala Corebsilum

the Amygdala

1. What Would You Answer?

two
lima-bean-sized
neural clusters
in the limbic
system,; linked to
emotion

s
Hypathalumis
Pilekary gland [ ,‘

FArygdala Wpptesnpus

What two pafts of the bram are most mvolved in
lmpilctt memory?

A, frontal Eobes and basal ganglla
B.:amygdala’ and. hsppocampus :
C. amygdala and cerebellum .
D. cerebellum and basal gangha

E. frontal Eobes and htppocampus
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How do emotions affect our

memory processing?

Emotional events produce tunnel vision memory.

They focus our attention and recall on high priority

information, and reduce our recall of irrelevant details.
(Mather & Sutherfand, 2012)

Whatever rivets our attention gets well
recalled, at the expense of the surrounding context.

How can a sea slug

help us understand
memory?

‘Lof leamning and memory.

Aplysia, the California -
-gea slug, which -
" newroscientist Eric
Kandel studied for 45 -
_years, has increased -
our understanding of
the neural basis

TRYIT

Where were you when....

Daonald Trump won the
2016 presidential
election?

Did that event trigger emotional responses for you'?_ } :
Fears of happiness or perhaps, despair? - ..~
i 50, that memary may be a flashbulb memory.

How does serotonin release at the
synapse impact memory processing?

Eric Kandel and James Schwartz observed synaptic
changes dunng Ieammg in the neurons of Aplys:a

When Ieamlng occurs the siug releases more of the
neu lran mllter seroromn mto cerlaln neurons.

These ceIEs synapses then become rnore eﬁ" crent at
transmimng sngnais : .

Expenence and learnlng can mcrease——even

doubie——lhe number of synapses, even in s!ugs
o {Kandsl, 2012).

What is a flashbulb memory?

How does Kandel’s research impact human

Memory processes?

A flashbulb memory is a clear, sustained long-term
memory of an emotionally significant moment or
event,

» Forinsiance, those born in the 1940's and 50's can
usually remember exactly where they were when .
President Kennedy was shot.

«  Those who experienced the explosion of the
Chalienger space shuftle in January 1986, can typ!caliy
recail exactly where they were.

= And sadly, many Americans can recount precisely.
where they were and what thay were domg onthe .-
morning of September 11, 2001. L

In experiments with-people, rapidly stimulating certain
. memory-circuit connectmns has increased thelr |
- .sensitivity for hours creven weeks to come.’
The sending neuron now needs less prompllng to .
- Teléase its neurotransmitter, and more
" conngctions exisl between netrons. -
Thls increased efficiency of: potential neural f nng. :
called long-term potentiation (LTP), prowcfes :
-2 neural basis for learning and :
- “remembering associations.”

- {Lynch, 2002 Whitlock et al, 2_096)_ SR
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What is long-term potentiation(LTP)?

TRY IT

an increase in a cell's
firing potential after brief, rapid
stimutation; a neural basis for

learning and memory

Review the diagram below, then look away
and see how much of it you can recreate.
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How does LTP impact receptorsites?

How do cues help with memory retrieval?

An electron microscope image (a) shows just one receptor
site (gray) reaching toward a sending neuron before
long-term potentiation.

Image (b) shows that, after LTP, the receptor sites
have doubled.

(From Toni et al.,, 1998}

" When you encode into memory a target piece of

information, such as the name of the person sitling -

next to you in class, you associate with it other bits of
mformation about your surroundmgs mood seatmg

i . position, and so on, : :

These bats can serve as retrieval cues that you can -]

later.use to.access the mformatlon The more retrieval
cues you have, the better your chances of fi nd:ng a

; route tothe suspended memory :

What research confirms LTP as a physical
basis for memory?

What are the best retrieval cues?

Drugs that block LTP interfere with Ieammg
(Lynch & Staubl, 1997) e

Drugs that mimic what happens during learning "
increase LTP. (Harward et al, 2016)

Rats given a drug that enhanced LTP learned a maze

with half the usual number of mistakes.
{Service, 1594}

‘The best retrieval cues come from associations we
“form at the time weencode a memory-msmells,
tastes, and snghls that can ‘evoke our memory of the

: associated person ar event

To call up wsual c es when trylng to recail somethlng.
we may mentai!y place ourselves in the orlgmai :
: coniexi :
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Can you explain the relationship?

What is priming?

ey ertani g

L

Arttrgtenet
-

the activation, ofien ;
unconsciously, of particular RS
associations in long-term implicit memory Ppae

. 'How does your understanding of 'ldng—terr'n implicit
memory help you understand priming?
. Explain the relationship.

What is an example of priming?

AP? Exam Tip

priming Ef waikmg down a hailway, you see a poster ofa -
fissing ‘child, you may then unconsciously be pnmed
to interpret an ambiguous adult-child interaction

‘asa possmte kidnapping. -.
(J&mes 1986) :

perceptual set

the implicit memary effect S _ N
' Allhough you ro Ionger have lhe posterln mmd i

a tendency to perceive or . in which exposure o & .
notice some aspects ofthe ] |7 e isﬂuenoes :
ava“abilgeni?zzﬂt?eff fa and response fo a later ‘predisposes your interpretation.” Implicit memory of
stimulus the poster impacts your later response to the .
' SR P situation.

What is context-dependent memory?

How does priming

work?

Putlmg yourself back in the conlext where you earher
: expenenced_ somelhmg can, pnme your memury

i o relﬁeval -

i Remembenng, in many ways depends on
our enwronment (Palmer 1939) o

After seeing or hearing | | cizorma
the word rabbit, we aref |
later more likely to
spelf the spoken word

When you wsn your chtldhood home or nelghborhood

hair/hare as "

h-a-r-e, even if we - &g

don't recall seeing or vimcius Old memories surface T
vrard had e 3 .

hearing rabbit. Whare
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What is the encoding specificity principle?

How does context enahle recall?

When scuba divers listened {¢ a word list in two different
settings (either 10 feet underwater or sitting on the beach}, _ :
they recailed more words if tested in the same place. ’ Sl :
(Godden & Baddeley, 1975) <o the idea that cues and
* ‘contexts specific to a particular
memory will be most effective in
helping us recall it

2. What Would You Answer? What is state-dependent memory?

John noticed that he did better on his chemistry What we learn in one physiological stale—be it drunk
exams when he takes them in the same seatf that he or sober—-may be more easily recalied when we are.
sits in during class. If he is properly prepared for. - i aga ln that state S
each exam, then may explam hrs diﬁerence 3 o

Whal people Iearn when drunk ihey dont recatl well _m

ln SCOres.
i any state {alcohol disrupts memory storage).
A, recall - But they recall it shghtiy better when agam drunk
B. context effects
C. explicit memary U If you study while on the treadmill mcreasmg your
EE)' ;Z:ﬁ:;g :;Sr:fn effect - heart-rate, you willlikely have better recall of the
. 4 : mater:al when your heari rate s accelerated agam

TRY 'T What is mood-

congruent
Has this happened to you? memory? 5
5
H into a former teacher i the. 4
e e eacher endenoytorecal| |18
pace, such a re.or patl . expenences ihat §"§
. are consistent wath 2
Perhaps you recognized the person but struggled to ‘one s current %3
figure out whao it was and how you were acquainted. gmd or bad. - EH
’ » A ean’t revnemter wbad re're angid
emoltona! state : b, chton Lot kg gt
(mood) ! aanybeivvedll sime luekso 1"

Experiencing something outside the usual settmg
can he confusing. ’
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How does mood-congruency impact the

duration of our moods?

Mood effects on retrieval help explain
why our moods persist.

When happy, we recall happy events and therefore
our good mood.

When depressed, we recall sad events, which
darkens our interpretations of current events.

For those of us predisposed to depression, this
process can help maintain a vicious, dark cycle.

see the world as a happy place, which helps prolong

Why does the serial position effect

infiluence memory retrievai?

" “Subjects briefly.recalled the last items especially
-quickiy and well (a recency effecl), perhaps because
those last items were still in working memory. Recall
that echoic information remains in the sensory
memory for about 4 seconds.

But after a defay, when their attention was elsewhere,
their recall was best for the first items (a primacy
effect). This is likely due to enhanced rehearsal of

-+ the first items,

What is the serial position effect?

our tendency to recall best the last
{recency effect) and first (primacy eﬁecf)
items in a list :

What does research show about the

serial position effect?

fras
£t dnhies

3. What Would You Answer?

Wh[ch of the followmg is an exampie ofthe -
;.- serial position, effect? . o
A remembermg the most important asmgnment you
have to complete for:schook fomorraw - :
'B remembering the sksi!s you |earned early m In’e such
as walking :
C. remembenng the begmnmg anci encé ot‘ your grocery
tist, but not the |tems in the middle . .

D. remembenng the: ‘rames of the: ﬂrst two co~workers
you met on the fi rst day of your new job BN
E. remembering where you feﬂ your cell phone when
you-cannot find it - . sEl

l.earning Target 32-1 Review

Discuss the capacity of and
location of our long-term memories.

In experiments, when pecple viewed a list of items (words,

names, dates, even experienced odors) and immediately
tried to recall them in any order, they fell prey fo tha. °
serial position effect. (Reed, 2000)

= QOur long-term memory capaciy is essentially
unfimited.

= Memories are nof stored intact in the brain in single
spots. Many parts of the brain interact as we form
and refrieve memories.
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Learning Target 32-2 Review

\*é: Describe the roles of the frontal fobes
and hippocampus in memory processing.

Learning Target 32-5 Review

Explain how changes at the synapse
level affect our memory processing.

= The fronial iobes and hippocampus are paris of the
brain netwerk dedicated to explicit memaory formation.
= Many brain regions send information to the frontal
fobes for processing,

* The hippccampus, with the help of surrounding
araas of cortex, registers and temporarity holds
glements of explicit memories before moving them
to other brain regions for long-term storage
{memory consolidation).

= Long-term potentiation (LTP) appears fo be the
neural basis for learning and memory. In LTP,
neurons become more efficient at reteasing and
sensing the presence of neurofransmitiers, and
more connections develop between neurons,

Learning Target 32-3 Review

e Describe the roles of the cerebellum
= and basat ganglia in memory processing.

v The cerebellum and basal ganglia are parts of the brain
network dedicated to implicit memory formation.
= The cerebellum is important for storing classically
conditioned memories.
* The basal ganglia are involved in motor movement
and help form procedural memories for skiils.
= Many reactions and skills learned during our first four
years continue into our adult lives, but we cannot
congclously remember learning these associations and
skilis— infantile amnasia.

Learning Target 32-6 Review

\@ Analyze how external cues, internal
: emofions, and order of appearance
influence memory refrieval,

= External cues activate associations that help us retrieve
memories; may occur without our awareness, as it does
in priming.

= Returning to the same physical context or emotional

state (mood congruency) in which we formed a

memary can help us retrieve it.

The serial position effect accounts for cur tendency to

recalf best the last items and the first ifems in a list.

l.earning Target 32-4 Review

\!@ Discuss how emofions affact
OUT memary processing.

* Emotional arousal causes an outpouring of stress
hormones, which lead to activity in the brain's
memory-forming areas.

= Slignificantly emotional events can frigger very clear
explicit, episodic, long-term Hashbulb
memories.

10



