Memory in the brain
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What is memory, memory classifications

Memory by type of retrieaval
— Non-declarative memory
— Declarative memory

Memory by time of storage
— Sensory memory

— short-term memory

— long-term memory

Brain areas
Memory processes
— Encoding, consolidation and retrieval

Memory by time temporal direction
— retrograde, anterograde memory
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m A change in behaviour resulting from
individual’s behavioural experience

m the ability to store, retain and retrieve
learned information
— a hypothetical store of information
— a content of that store

m 3 subjective experience of remembering
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m to remember something
m to know something
m to have some skill or ability

m to react to something
— in a specific way
— emotionally
— more or less than before
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m by the type of retrieval

— declarative (explicit), non-declarative (implicit)
m by the duration of the memory trace

— sensory, short term, long term

m by temporal direction
— retrograde, anterograde

m by function
— working, reference
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What is memory, memory classifications

Memory by type of retrieval
— Non-declarative memory
— Declarative memory

Memory by time of storage
— Sensory memory

— short-term memory

— long-term memory

Brain areas
Memory processes
— Encoding, consolidation and retrieval

Memory by time temporal direction
— retrograde, anterograde memory




declarative (explicit)

episodic

semantic

long-term
memory

skills
and
habits

non-declarative (implicit)

priming

simple
classical
conditioning

non-associative
learning
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m Habituation

—decrease In response g,

to repeated stimulus

m Sensitization

— INncrease In response
to repeated stimulus
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1. Before conditioning 2, Before conditioning
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#:&E' : response

Food Salivation Tuning Farlk Mo salivation

Unconditioned Unconditioned Meutral Mo conditioned
stimulus response stimulus response

3, During conditioning 4, After conditioning
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1 849 - 1 9 3 6 Turing Fiond Salivation Tuning Fark Salivatio

Fork Unconditioned Conditioned Conditioned

response stimulus response

Conditioned Stimulus = Sound Unconditioned Stimulus = Food
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B. Skinner
1904 - 1990

Skinner box

Reward

A

Action

— Organism —— Action ___

Action
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1920s — 1950s
Stimulus response model
Organism as a black box

All behaviour is just conditioned
response to a stimulus (in both
human and animals)

Learning of social behaviour,
language ... everything

Terrell smiles Father picks Terrell keeps
up Terrell smiling

A

. b
AR (accidental R (reinforcement) DR (deliberate
response) response)




walking
writing
driving
swimming
playing piano

No conscious recall
required
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Declarative

In 1953 his hippocampus
and Medial temporal lobe
were bilaterally resected

for untreatable epilepsy
m global amnesia

m he could not recall any
new events, any names ..

MRI scan of "H.M."

' ."/. .

hippocampus




m The patients could learn
skills like mirror drawing

m He could not remember
learning it

number of errors in each attempt

10 1 10 1
attempts each day




dot target DBCACBDCBA

pattern

[ contols
. H.M.

Priming for dot pattern Learning of sequence
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Implications o

m Two types of memory
— sensitive to amnesia = declarative memory
— insensitive to amnesia = non-declarative

m Evidence against the behaviorist schema
of Stimulus -> Response
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The criterium of consciousness and internal representation

m HOW? = Non-declarative = implicit

— Habitution, senzitization, classical and operant
conditioning, skills, emotional memory

m WHAT? = Declarativ (explicit)
— semantic and episodic memory
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Events

semantic memory

Facts
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What is memory, memory classifications

Memory by type of retrieval
— Non-declarative memory

— Declarative memory
Memory by time of storage
— Sensory memory

— short-term memory

— long-term memory

Brain areas
Memory processes
— Encoding, consolidation and retrieval

Memory by time temporal direction
— retrograde, anterograde memory
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sensory registers short-term store long-term store

? temporary working
- visual | memory

environmental input auditory permanent memory
haptic control processes 4 store
descisions :

retrieval strategies

. >
- 15_

response output

m Atkinson-Shiffrin memory model 1968
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m Visual, auditory, haptic
— when you close your eyes ..
m Helps to move the sensory

information into short-term
memory

conrad shawcross

the steady states
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m Average number of
remembered digits is
6to 7/

m visual and verbal
memory

9754

3B25

6514

94318
68259
38147
913825
648371
596382
7058423
5316842
7918546
86951372
51739826
21398247
7189384261
163874952
625943826
9152438162
7154856193
1528467318




Test screen
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Is short-term different
from long-term memory?

Immediate recall Recall delayed by 30 seconds

10 word sequence
g 20 word sequence 10 word sequence

30 word sequence 20

60
50

40

e, Y 20 word
\ N T 30 word seguence

RVAA

Percentage recalled correctly
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m In 1974 suggested by Baddeley and Hitch

m To the visual and verbal short-term memory
they added the central executive

central
executive

- BB .
sy N SRR

visuo-spatial phonological
sketchpad loop




m The long-term memory is based on semantic relations

m Learning of semantically organized material is much easier
than of unorganized

Animal

Has wings

Can fly

Has feathers
Canary

Ostrich

Can sing
Is yellow

Has long thin legs
Is tall

Can't fly Can bite

Has skin

Can move around
Eats

Breathes

Has fins
Has gills
Can Swim

Salmon

is pink

Is edible

Swims upstream
to lay eqgs

Is dangerous

minerals

metals

common alloys

platinum aluminium bronze

silver copper steel

gold lead brass

stones

precious

sapphire

emerald

diamond

ruby

masonry

limestone

granite

marble

pine elm pansy garden wild

delphinium  conifers  dandelion

violet  daisy tropical chestnut

buttercup trees deciduous mango

banyan

redwood  palm

flowers  spruce

willow  rose

plants
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ong-term memo

m The material is stored both verbally and
SELLY,




m ... iS not stored exactly
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What is memory, memory classifications

Memory by type of retrieval
— Non-declarative memory
— Declarative memory

Memory by time of storage
— Sensory memory

— short-term memory

— long-term memory

Brain areas
Memory processes
— Encoding, consolidation and retrieval

Memory by time temporal direction
— retrograde, anterograde memory




The Brain and Memory

Striatum (not shown)
(procedural memory)

Prefrontal Cortex
(working memory)

Thalamus —

Mammilary Body—" .
(declarative memory)
Amygdala—"

{fE'Er Eﬂnd|t|ﬂn!ﬂg} C'E rEbEl!Um \
Hippncam pus {Eﬂndﬂlﬂﬂing}
(memory acquisition)

Basal Ganglia &
e, Other Subcortical
N Motor Areas

-
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Reflcular Formafion

HOTE: THE DIZTAMGE BEETWEEN THE THALAMUZ
AND THE EASAL GANGLIA ABOYE IZ
EHAGGERATED FOR FURFOSES OF
ILLUZTRATION. THEZE STRUCTURES ARE MUCH
CLOSER TOGETHER THAM THE FIGURE
DIZFLAYE.




NMAarm cAc
Miemao SES

m Encoding

— the information is stored in the brain, transferred from short-
term to long-term memory

— medial temporal lobe and hippocampus seem to be essential
(anterograde amnesia)
m Consolidation

— during several days (months?) after the encoding the memory is
vulnerable to electric shock or photosynthesis inhibitors

— retrograde amnesia
m Retrieval

— consolidate memory is no longer dependent on the hippocampus
— frontal lobes seem to be essential (aging, frontal lobe disorders)




rAtriAy /Al
1CLiICvdl

II\ Ve f‘l
LEAINING and

m The encoding and retrieval are different processes
m HERA — Hemispheric Encoding/Retrieval Asymmetry

Encoding

Retrieval
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m Consolidation can be observed both on a
cellular and system level

m Sleep deprivation impairs system
consolidation

RECOGHNITION PERCENTAGE

Cellular System

| | | | | | | | | | | | | | | | | |
0 30 60 ap 1 7 14 28
Minutes Days WORD PRESENTATION MINUTES BEFORE SLEEP ONSET




m Retrograde memory — before present time
m Anterograde memory — after present time

Retrograde amnesia Anterograde amnesia

Percentage of
normal memory
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What is memory, memory classifications

Memory by type of retrieval
— Non-declarative memory

— Declarative memory
Memory by time of storage
— Sensory memory

— short-term memory

— long-term memory

Brain areas
Memory processes
— Encoding, consolidation and retrieval

Memory by time temporal direction
— retrograde, anterograde memory




Thank you for your attention




