The Memory System:Sensory Memory and
Short-Term or Working Memory

* 1960s Many models of memory
proposed

 Atkinson & Shiffrin (1968)-Modal Model

—Sensory Memory
—Short-term Memory

—Long-term Memory

William James

* Primary Memory

* Secondary Memory




Atkinson & Shiffrin Model of Memory (1968)
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Properties of the Different Memory Stores

TABLE 4.2 Properties of the Sensory Register, Short-Term Store, and Long-Term Store,
According to the Early Modal Model

Sensory Register Short-Term Store Long-Term Stor
Storage duration 02 230s 30 s and longer
Preferred encoding format Literal copy Phonological Semantic
Capacity Large/Small 712 chunks Indefinitely larg
Forgetting mechanism Decay Interference Interference

Notes
1. Forgtting inthe ShortTerm Store involvesboth inteference an decay
2. The capaciy of the sensory egistes vary forth diferent modaitie: 5. the visual sensory stoe s very large

the auditory sensory store is small (perhaps only 2 0 4 items)

Research on the A & S Model

* Serial Position Effect
* Recency Effect

* Behavioral Neuroscience Evidence




Serial Position Effect Demo

Serial Position Effect Results

Serial Position Effect Graph

The U-Shaped Serial Position Curve

Primacy
/ Effect

Recency
Effect

Percentage of words recalled
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Questions

* How could we test the idea that the last few
items are in STS?

* How can we test that the primacy effect
represents LTS?

Rundus (1971)
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Primacy
Effect

Where’s the
recency effect ?

Why is our serial position curve different than the predicted shape?
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Behavioral Neuroscience Evidence for the
STM-LTM Distinction

* H.M. - Epileptic

- Temporal Lobes / Hippocampus
- STM ---> LTM disrupted

* K.F.- Damage to Left Cerebral Cortex
- LTM Normal

- STM capacity severely limited
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Behavioral Neuroscience Evidence for the
STM-LTM Distinction
The dog bit the man and the man
died.
vs.
The man the dog bit died.
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Atkinson & Shiffrin Model of Memory (1968)

Extomal input

Sensory register__(SF)
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Longtem storage _(LTS)
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The Sensory Store
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Lightning

17

How long does the lightning last?
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Lightning Demonstration

19
Sensory Memory
* Sensory memory or sensory register
* Visual, auditory, touch, taste, smell
* Relatively raw, unprocessed form
20

Why Do We Need Sensory Memory?

« Stimuli change

* Maintain for selection and further
processing

* Integrate fragments of a stimulus into a

single unitary perception
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Classic Studies on lconic Memory

* Sperling (1960)

* Averbach & Sperling (1961)
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A Tachistoscope

23

Whole Report Procedure
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Partial Report Procedure
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36
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Schematic of Typical Sperling Exp

>
. CFPY
Trial . JMBX (blank) > (blank)
events SGRL .

Fixation point Letter array Postfield dura- Tone cue for Written or ver-
appears for  appears for tion of Oto 5 report bal report
500 msec msec nds
k i

Nrimer s

running here

A schematic diagram of a typical trial in Sperling’s (1960) experiments. After  fixation point
appears for 500 msec, the letter array is displayed. The visual field after the display is blank.
The tone cue can occur at the same time as the postfield, or it can be delayed up to 5 sec-
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Number of Letters Recalled as a Function of
Technique & Delay

NUMBER OF LETTERS RECALLED, AS A FUNCTION OF TECHNIQUE AND DELAY
IYPICAL RESULTS)

10

Parcial-report technique (estimated recall)

. ‘Whole-report technique

015 03 05 0
Delay between disappearance of stimuli and presentation of tone
(in seconds)

39
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Examples of Iconic Memory
in Our Everyday Experience

40

Examples of Sensory Memory

EXAMPLES OF SENSORY MEMORY

Visual Sensory Memory. Hold your hand in front of your eyes and quickly wave
it back and forth. If your hand motion is quick enough, you will be able to
“see” your hand in one position for a fraction of a second after it has moved
on to a different position.

Auditory Sensory Memory. With your hands, beat a quick thythm on the
desk. Can you still hear the echo after the beating is finished?

Tactil (Touch) Sensory Memory. Quickly rub the palms of your hands along
2 horizontal edge of your desk, moving your hands so that the heels touch
first and the fingertips touch last. Can you still feel the sharp edge, even
after your hand is off the desk?
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Demo: Unitary Perception from Fragments

HOW SENSORY MEMORY CREATES A UNITARY PERCEPTION FROM
FRAGMENTS. BASED ON COWAN, 1995.

Take an index card and cut a narrow slit (about 1/8” wide) in the middle of
the card, orienting the slit lengthwise and making it as long as possible.
Then hold the slit in front of the cover of this textbook, at a distance that al-
lows you to see both the top and the bottom edges of the book. Now, begin
with the slit toward the left edge of the textbook and move it toward the
right. In reality, you are seeing a sequence of fragmentary views of the
photo. However, sensory memory allows you to incorporate these fragments
into one single perception of the photo.

42
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Videos & Movies

&l

%
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Auditory Sensory Memory
* Neisser (1967) - Echoic memory and the echo
 Darwin, Turvey, & Crowder (1972)
« Differences from iconic memory
* Crowder (1982)
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An Echoic Memory Study
/A PERSON PARTICIPATING IN AN ECHOIC MEMORY STUDY
45
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Properties of the Different Memory Stores

TABLE 4.2 Properties of the Sensory Register, Short-Term Store, and Long-Term Store,
According to the Early Mod;

Sensory Register Short-Term Store Long-Term Stor,
Storage duration 02 2-30s 30 s and longer
Preferred encoding format Literal copy Phonological Semantic
Capacity Large/Small 7+ 2 chunks Indefinitely larg
Forgetting mechanism Decay Interference Interference
Notes
1. Foretting Stoe involves boh i

2. The capacity of the sensory registers vary for the different modalities: o . the visual sensory store is very large:
the auditory sensory store is small (perhaps only 2 0 4 items)
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Short-Term Memory

47

Properties of the Different Memory Stores

TABLE 4.2 Properties of the Sensory Register, Short-Term Store, and Long-Term Store,
According to the Early Modal Model

Sensory Register Short-Term Store Long-Term Stor,
Storage duration 02s 230s 30 s and longer
Preferred encoding format Literal copy Phonological Semantic
Capacity Large/Small 7+ 2 chunks Indefinitely larg
Forgetting mechanism Decay Interference Interference

involes both interference and de

sters

ry for the different modalites:
the auditory sensory store is small (perhaps only 2 0 4 items)

fsual sensory store is very large:

48
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Short-Term Memory

* Duration
* Nature of Forgetting
* Nature of Code

* Capacity

49

Short Term Memory

* Brown/Peterson & Peterson (1959)

* Trigram task

KHR

|

4 istrz (947,946,945
Delay / Distractor 50

0-18
seconds

Recall Trigram

50

Trigrams

51

17



Brown-Peterson Results

Relative Accuracy of Recall in the Brown-Peterson Task

Relative Accuracy

Recall Interval (sec.)
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STM--Nature of the code

* Conrad (1964)
* Visual display of letters

* Phonological confusions: ( ‘D’ for
‘E’ butnot ‘F’ for ‘E’)

* Wickelgren (1965)
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Wickelgren (1965)

KZLF

l

distractor tasks
(copy down 4 new letters)

CBGD l XMI W

recall original 4 letters

54
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STM Capacity Limited

Sensory Short-Term Long-Term
Memory Memory Memory

55

Capacity of STM

* Limited Capacity (7 +2)

* Digit Span Task

56

Listen to the following digit sequence and try
to recall it when | say “Go”...

The digits I read: 1,4,9,2,1,7,7,6,2,0,1,9

Did you notice? 1492 1776 2019

57
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By the way...

Try to recall all 12 digits now:

1,4,9,2,1,7,7,6,2,0,1,9
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Capacity of STM (cont.)

* Recoding: (14 9 2 -—--> ‘1492’ Columbus)

e Chunking

* Chase & Ericsson (1982)
59

SF DIGIT SPAN Experiment

60

20



SF Digit Span Experiment — 3 Sessions

Session 1 (Initial): (8 digits) Session 3 (Much Later): (22 digits):
Digits: 10531874 Digits: 4131778406034948709462
SF'sRecall: 105 SF'sRecall: 413.1  77.84 0603
ELe 494 870 9462
SF’s Report:  Blocked 1% set & rehearsal
SF’s 4131 mile time
Session 2 (Later): (11 digits): s 06:03  mile time

N 9:46.2  2-mile time
Digits: 90756629867

SF’s Recall: 907

s Click to move on to next slide...
20867

SF’s Report: 9:07 a 2-mile time

61

SF’s Digit Span as a Function of Practice

80

60

Digit Span

40

20

10 20 30 40
Practice (5-day Blocks)
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Do the SF results challenge the 7 plus or minus
2 idea about STM?

63
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SF’s Retrieval Structure

64

Properties of the Different Memory Stores

TABLE 4.2 Properties of the Sensory Register, Short-Term Store, and Long-Term Store,
According to the Early Modal Model

Sensory Register Short-Term Store Long-Term Stor
Storage duration 02 230s 30 s and longer
Preferred encoding format Literal copy Phonological Semantic
Capacity Large/Small 712 chunks Indefinitely larg
Forgetting mechanism Decay Interference Interference

Notes:

1. Forg:

2. The capacity of the sensory registers vary for the different modalitis: .. the visual sensory store is very large:
the auditory sensory store is small (perhaps only 2 0 4 items)

¢ ShortTerm Store involves both interference and decay

65

Revisions to the STM Idea

66
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Brown & Peterson - Revisited

* Decay vs. Interference

* Time and Interference Confounded in the
Counting Backwards Task

* How to dis-entangle?
* Waugh & Norman (1965) - Digit Probe task

* Varied Time and Interference Independently

Digit Probe Experiment: Waugh & Norman (1965)
1. Participants hear a series of 16 digits...
5351964373286734
2. The last digit
3. As soon as they hear the they hear is the
probe digit, they must recall the probe.
last instance of the probe digit
and the digit that followed it.

Trial Type 1: Vary the Time While Holding the
Number of Intervening Digits Constant

l 8 seconds
1 digit/sec 5351964(3732867 3|4

l 2 seconds

4digits/sec 5 3519643732867 3|4
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Effect of Presentation Rate vs. Number of Interfering
Items on Recall (Waugh & Norman, 1965)

10

o8
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Trial Type 2: Vary the Number of Intervening
Digits While Holding Time Constant
l 2 seconds
4digitslsec 5 3519643732867 3|4
l 2 seconds
Ldigivsee 5 351964373286[736
71

Effect of Presentation Rate vs. Number of Interfering
Items on Recall (Waugh & Norman, 1965)

10

o8
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Properties of the Different Memory Stores

TABLE 4.2 Properties of the Sensory Register, Short-Term Store, and Long-Term Store,
According to the Early Modal Model

Sensory Register Short-Term Store Long-Term Stor,
Storage duration 02 2-30s 30 s and longer
Preferred encoding format Literal copy Phonological Semantic
Capacity Large/Small 7+ 2 chunks Indefinitely larg
Forgetting mechanism Decay Interference Interference

Notes:
1. Forgetting in the Short-Term Store involves both interference and decay
2. The capacity of the sensory registers vary for the different modalities: o . the visual sensory store is very large:

the auditory sensory store is small (perhaps only 2 0 4 items)
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Working Memory

* Revision of STM

¢ 3-part system

* Baddeley

* Dual task paradigm

74

Baddeley Working Memory Model

Central Executive

- Plans & coordinates but does not store information

- Focuses attention, selects strategies, transforms
information, coordinates behavior

- Integrates information from other parts of the.

system

Phonological Loop
- Processes and stores a limited number of items (3
or 4)for short time
- Maintains information as sounds (esp. specch
sounds) using rehearsal
- Executive resources drained f rehearsal tsk is
difficulc

Visuospatial Sketchpad

- Processes visual and spatial information
- Limited capacity

- Executive resources drained if visual imagery or
spatial task is difficult

75
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‘Working Memory Model with Episodic
Buffer & Long-Term Memory

A simplified version of Alan Baddeley’s (2000b) Model of Worling

, Showing the Phonological Loop, the Visuospatial Sketchpad,
the Central Executive, and the Rehearsal Buffer—as Well as Their
Interactions with Long-Term Memory.

" Central
(B
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Reasoning Task with Letter Recall

AB
‘A’ precedes ‘B’ ? TorF
‘B’ is preceded by ‘A’ . TorF
‘B’ does not precede ‘A’ . TorF
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Reasoning Speed and Letter Recall

Experiment 1:
0, 1, 2 items preloaded
reasoning task
letter recall
Experiment 2:
0 or 6 items
reasoning task

letter recall

78



Reasoning Times & Letter Recall Results

Table4-3  REASONING TIMES AND LETTER RECALL UNDER VARIOUS
MEMORY LOAD CONDITIONS

Experiment 1
'Memory load (number o letters held in memory)
o 1 2
Reasoning times 320500 331 s8¢ 331 sec
Letter rocal Essentilly perfect
Experiment 2
Mermory load
o 6 —
‘Reasoning tmes 327 sec :Aouc} “Equal stress”
Ltor rocal 55 a7
Reasoning tmes 273 473 ] “Memory stross’
Lattr rocall 58 50
Note:In both experiments, a memory load of 0 was a control n these condions,
subjects performed the and ‘Were thay given the set of letters
for
‘where presen
tation followed the reasoning task.

‘Adapted fom Baddeley & Hich, 1974.
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Bradimonte Et al. (1992)

TWO OF THE STIMULI USED IN THE STUDY BY BRANDIMONTE ET AL. (1992)

Original Picture

Specified Part to Be  Image that
Subtracted From the  Should Resule
Mental Image Afcer Subtraction

D
©
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Brandimonte (1992)

Condition 1 Condition 2
1. Study 6 pictures 1. Study 6 pictures while

saying “la, la,la . ..”

2. Create mental image, 2. Create mental image,
subtract a specific part, subtract a specific part
and name it. and name it.
DO 2 O Fih
Result?
3. Number of correct 3. Number of correct
items: 2.7 items: 3.8

81




Pronunciation Time & Memory Span

* Read the following words. When you have
finished look away and try to remember them:

— England, Burma, Greece, Spain, Iceland, Malta,
Laos

* Again read the words, look away and try to
remember them:

— Czechoslovakia, Switzerland, Nicaragua,
Afghanistan, Venezuela, Philippines, Madagascar
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Pronunciation Time & Memory Span

* Read the following words. When you have
finished look away and try to remember them:

— England, Burma, Greece, Spain, Iceland, Malta,
Laos

* Again read the words, look away and try to
remember them:

— Czechoslovakia, Switzerland, Nicaragua,
Afghanistan, Venezuela, Philippines, Madagascar
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Memory Span and Pronunciation Rate

MEMORY SPAN AND PRONUNCIATION RATE FOR NUMBERS IN FOUR DIFFERENT
LANGUAGES. NAVEH-BENJAMIN & AYRES (1986).

. Pronunciation rate

¢ English  Spanish Hebrew ~ Arabic
10 20
Mean syllables per digic

84
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Capacity of STM

* Difficult to Estimate

* Different meanings (storage capacity vs.

processing capacity)
* Digit Span Task

* Miller — “The Magical Number Seven,
Plus or Minus Two .. .”

*7x2

85
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