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118 Section [1: Basic Arcas of Research

irmlyv entrenched in the memaory literature. We
vill uge this distinction to continue cuF eXamina-
ion of memory Processing

Storing and Retrieving Infor
from Short-Term Memory

Information processing models of memory Suggest
that sensory information is perceived and held
briefly in @ sensory register, before being passed 1o
STM. Wi apacity and duration of the sen-
sory registers! Do they differ by sensory modality?!
Mew experimental techniques were desipned o ad-

Storing Sensory Information

cerling (1960) tested the amount of information
vailable in very brief visual displays by using a vari-
ant of the probe rechnigue, with presentation of a

lerter matrix consisting of three rows of four letrers
gach (eg., SOHM). The matrix was presented for a
few hundred msec and then remnoved, followed by a
high-, medium- or low pitched tone, indicating
which tow of letters was o he recalled, Mote that
the tone serves as a poststimubs cuz because the sub-
ject does not know what is to be tested untl after all
iterns have been presented. The results, using this
partial report pracedure, mdicane thar subjects have
mare informaricn available immediately after pre-
senraticn than they are able to produce hefore los-
ing part of it. Sperling found average recall of
slightly mese than 3 lerrers aut of a line of 4 leters,
supgesting thar 9 to 10 irems are available in mem-
oty from the three by fout matrix immediately after
p;;-_m-hl:an-.m. This numhber contrasts with the whole
report procedure of approximarely 3 irems recilled
when subjects are asked for all 12 letters and shows
the rapid loss of information while subjects are at-
Templing |_:r|.'bdu-;.'l.' their TesponSeS [somelimes re-
ferred 1o as curput intetference]. However, the in-
formation retained in visual sgensory memory, o
iconic memaory, is held for only a very brief perced.
Within approximately 500 msec, one-half of a sec-
and, the partial report method falls to abour 1.5
items, equivalent to the 5 items chserved with the

patently, during the

whole report proced AT
short f‘"'i'"'-l* of time thar an itemn or sct of irems is
armation must be

main-

held in the iconic store, the
ransformed into a representation that can be
ained in 5T

[xaes a similar process Goour with auditory sen-
win, Turvey, and Crowder
{1972} answered this guestion by constructing an

sary information? |

auditory analogy to Sperling’s experiment They
presented sers of four rapidly spoken single-digit
|'|.|,|1:'1|:(:]'.‘~ !

ot each of three speakers located to the
left, directly in front of, and o the righe of the sub-
jeces, The spatial locations of the speaker corre-
spond to the three rows in the wiswal marrix. Alter
the auditory presencation af the numbers, partial re-
port of one set was cued by a flashing light ower the
speaker location from which the numbers were to
be recalled. As with visual presentation, recall ac-

curacy for the whole repor of the cotire set of 12
numbers was about 5. Compared 1o iconie memory,

el

 advancage of immediate partial report of anly a
subset of the irems was small, equivalent to only
abat one-half of an item. However, the durarion of
auditory SENSOTY MEMOrY, O echoic memory, was
cuch longer than iconic memary, extending for 2
to 4 seconds after presentation Consequently,
echoic Memory appears to have a smaller capacity,
hut longer duration, than iconic memory. This re-

cult is consisrent with what might be called rthe
“huh® experience, familiar to everyone: a friend
says something 1o you when you are not listening
and you respond with an irwellipent “huh? but be-
fore your friend can repeat the comment, you
hear” the original remark (like an eche).

Transfer to 5TH

As we have noted before, in some theories, ST
alea referred o as “working memory.” Information
processed through the sensory ré pisters must be ac-

tively maintained and manipulated as i is being
wsed to handle ather cognitive demands or being
transfarmed for long-term storage. How does this
fempAraTy SLOTAge sysiem work! Bath avditery and
visual rehearsal mechanisms have been proposed.
Many models of memory have incorporabed an
anditory or speech mechanism as part of working

ey, with the mast common lal the
phonological loop (Faddeley, 1990], in which
input SETEOTY information is coded in terms of
gpeech that can be repeated or rehearsed. The evi-

dence for phonological coding and rehearsal comes
from many sources, incleding the modalivy effects
described before. In early experiments on STM, it
was neted that the shorter the verbal descriprion of
the TBE material, the beteer the recall (Glanzer G
Clark, 1963, In memory span experiments, lerers
that have similar-sounding names (B, C, E) are
mare aften confused in recall even when they are
|'|'.:'\.I,'Illl'll visually (Conrad & Hull, 1964)
Baddeley {195 winrkir
Memary system I|'|.'|’. ]m -’_';J:l'- I|'.-S' "'.'I.‘-l.ll:--hp::ll:u
skerch pad,” which m

spal ial in

0 has propose d a vis

I|'||.\,'|i|'|.- '.'!!uII:-'II LR pEeEry iIII:I

rimat 0. :‘.|||‘|1L1r[|nf_| :".'||||'r'|-.".' Cormes
from the sbility o rorare chree-dimensional fgares

mentally and «

e herween normal and mirmor-
alternarives [5 ||_r--II|! & Metzler, 1971)

[REPE

Retrieval from STM
Oince information is stored in STM, how s that in-
formation used to answer (quesl inns

A wariant of
the "vesne” recognition procedurs known as mem-
Oy SCanning
from STM (

was been developed to study recrieval
Sternberg, 19660, 1969). The memery
geanning procedure also illustrares the use of re-

gpomse or reaction time (RT) to measure va

tion
in memary performance even when recall is perfect
In Sternberg's procedure,
list of I

subjects are given a brief
led a "memory ser” (e.g., the digits &,
5.1 Because the number of items in the set is

chosen e be well within the memory span of ap-
.:—.T|-.x-_|||;.'|'rf|l|: SCVETL LLems, the Sl.l]"fl."tl CHETY I:sl:i1|1_\.' hiald
them in memory. Instead of asking the subject o
recall all the items from the memory ser, the experi-
menter shows a ﬁ11|g|i' item and the .-'.||:-i.f‘:'| must
g thar the

number was one af the items in the et or another
button to respond "no,” it wasn
Because most subjects can peddorm this tack with-
our making any mistales, accuracy e

||||:1|"| a burton ta T:-'\.'|:n|s.|| “yes " indicating

are (ot very
ormative. S0, the subject's reaction time—the
time berween presentation of the test stimulus and
the response (usually pushing one of two burtons
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25" and “n
variahle. BT is

marked "

15 ||"|I - |" Ty

CIMITIAN TESPOMES [NERSIre 1 other

areas of psychology like perception and psy-
chophysics, problem solving, and decision making.
[Zee box 7.4.)

ernherg was interested in how wari

ons in
|||||||I'\|'i ':'{
items in the set as @ way of telling him abou the
| from 5T, He

sugpested three processing stracegies that might be

FI L I"'T'H"‘-F"'l"'r'l":l o varabions m f

!.'-I(IIZI.".‘-E-iTI.E that FOCE on B0 TEITICY,

used by subjects to decide if a presented numlber
was g member of the memory ser [see figore 7.7)
parallel proe

CAT EXAITIINE

'i.rLg]ll.']'-l'-I]:eHu. the
erything in 5TM at one
rime with no more efforr than it takes o loak at
part of it. This hypothesis leads 1o 1he prediction

that wariations in the number of items in the sex
will mor affect BT as long as the memory span is
nor reached (panel a of figure 7.7). Accor

ing bo
the serial processing hypothesis, the subject can
-

mane only one irem in the merory ser at a
time. This ||l|'|-|'-l|'||-:.|- predicts an increase in BT as
the number of items 10 the ser increases. On trials
where the test item is not part of the original set,
the subjecr

ust compare the items in the set one
1 the test item before responding
no.” However, on

ar a time W

positive trials where the test
irem is one of the items in the ser, the subjecr must

compare individual items in STM with the test
item before coming up with a "march” and re-
sponding “yes." Seernberg’s (1966) data suppert the

zetial hypoth

is and reject the parallel processing
irrerpreration by showing thar BT does increase as
the size of the memary se1 5, but there is

wit the natre of the

NCTE

still an additional question

zerial SCHTNINE PTOCESS.

Clearly, a subject must check every item hefore
responding “no.” But if the mem

o ddoes con-
stop
the scanning process and respond as soon a8 the

tain 2 match o the test frem, does the subje

" search)
ar complete the scanning process and check all
iremns hefore responding (an “exhaustive” search)?
The rwo possibilities produce twao clearly different
predicticns about the relarion berween BTs for

match is encountered {a "self-rerminating

pasitive and negative responses as shown in panels




Use of Reaction Time

comnediti wn time (RT) mea

s the best means of undenstanding the
rocesses governing the response. In recopnition memary

tasks the BT may inchede the rime required to perlorm

siieh processes as perceiving @ test stimulus and compsar

ing it toritems in the memory set. BT should 1

time to perform these processes.

¥, in which

¥ phas some Ompament

V. 1 wee measure BT complersan

we can

sl then subrract the ¢

ook for component [ even tho

b and ¢ of figure 7.7. For the exhaustive ses
- ind “no

responses should show the same in-

as the ser size increases because the

must be checked in both
a self-terminati
of the items must be checked befor

“yes” response, so positive responses shouwld be

same number of icems

v search, only

faster than negative responses with the difference

s |!'.|

between “yes" and “no” responses increas:
set size increases. For example, if the set size is four,
all four must be checked before a "no™ response is
made. If the memory set contains the test item,

<fourth of the time it will be in each of the |
ssible positions. Hence, one-fourth of the o

only one irem must be checked, producing a very

fast "ves," and one-fourth of the time, all four items
must be checked, producing a "yes” as slow as a
'no” response. On average, 1.5 items must be
checked before a positive response can be made.
{ Thought question: If the set size is N, what is the
average number of items that must be checked to

find a posicive match!)

iT) Measures

was nod directly ervable. In order for this lope o he

COSTECT, ||"' trme Ed oo "i'.II CHAPONENE mAKsT

overlap, a requirement than s lifficult o p

{oee St

berg, 199, for a sophisticated, modern meat
ment of the Donders method. )

In thie Sternbere (1969 mier

ory-scanning example in

the text, the assums f separate time for each step is

easier [ acce : & the same task

The linear increase

thie 1

A M increases pives UE more

T ol fvems |

confidence thar

werion describes how items in 5T

Although it may seem more efficient to use a

self-terminating search, Stermberg's 2 windreds of

later experiments clearly indicare that we scan

STM with a serial, exhaustive search as demon
strated by the paralle] BT functions for pasitive and
; :

shown in panel b of figure 7.7). Mare that the slope
of the function can be interpreted of
scanning STM, in the range of 40-50 msec/item,

gative res of set size [a:

s the rate

ts all other information
PrOCEssing components ind |l|:|i||r_' perceiving and

encoding the stimulus

and the inrer EPT FEpTEse

vl executing the response

Storing and Retrieving Information
from Long-Term Memory

BTN MEMOTY and I

by interference from similar materials. Because early

memary theorists from Ebbinghaus on were primar-

ily interested in the origins of memory and the most

FIGURE 7.7 Three possible oatcomes of the
Steenberg memory.

canning experiment: {a} parallel
processing of all items in STM, (b} serial sxhaustive

ssing, and (c} serial, self-terminating search of STM.

{a]

i
:
L

B0 |

basic phenomena of rete n, they tended o ig

nare complex factors chat shape human cognitive
abilities. In partcular, by concentrating on verbal,
e retention, they minimized che infleence of or

Eanizanon ar | meaning in increas [y T abi

sal informac

a discussion of or zarional factors, we will briefly
s for studying stace-dependent

TNEINOTY, IMmagery, and il1'.|"||: It metmory

consider merl

and Semantic Memory

ction, figure 7.6 showed a o
memory in which

the long-term store inelud
hoth "episedic” and "semantic” information. Ac-
cording o ving (1972} who made this distine-
sodic memory refers to the records of an
I's pe

Lo, epl
individ sonal experiences, whereas semantic

memory refers to the accumulated in

rmation and

rules necessary for the wse of languag

. Tulving fur
ther described semantic memory a3 "a menral the-
saurus, organized knowledge a person possesses

:II'\IC"I| Wi IIII'\: .III.I |:I|'.|-r '|'|'Il|'\l|I| ‘|'|':I'.|"’I.:'\1. 'I'.I."'!I mean-

Ing and referents

Thus semantic memaory s
invalved in the understanding of the meaning of
the language contained in episodic memory, Se
Mant MEMOry s ;l"\ prone o MOrgetting: you may
forge

ot the distinction between retroactive and
proactive inhibition b

i are able to reread

boxes 7.1 and 7.2 an

1 '.IIII\..:I'I'\l II'I-I |i.'|l.' IMEAnIrEs of

the definitions contain there. In contra

lic memary requires a personal record of expe
rience. Knowing tl

eaning of “horse” is a ref

tion of semantic memory; knowing the last time

ne

v saw a horse or encountered the word “horse” is
in example of episcdic memory, Therefore, mast of
the early research wich interference theory was con
1T I I|'|'|r.|: EPs |l||\. Memory

A eritical compe

ol semantic memaory is

depends am une

g and mesning. Pe-

cause information s to be

resistant to loss, semantic information is easier

quire and more slowly forgotten than episadic

:'I-Il:'li-ll. eI !\I'I |'|‘|I:' i .I\II ||I |'|."I|\ I I

if contextual sit

relariv independent

Ciomn; we

less of

know the meaning of the ward horse reg

where we are or what we are doing. Box 7.5 de

scribes an ine

esting real-world phenomenon of

leng-term memory when semantic memory mo

mentarily fails us, the “rip-of-the-tongue” phenom

enon, and how it can be studied in che laboratory




