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Ph. D. ' ABSTRACT : PSYCHOLOGY
~A. K. M. Abdur Rahman
DECAY AND INTERFERENCE iWN SHORT~-TERM RECOGNITION MEMORY

This study investigated the roles of decay and inter-
ference in short-term recogn}tion memory for visual stimuli.
Seven experiments, ihvolving 520 Ss, were reported.“

* Experiments 1, Il and 111l showed that interference
is significant in short-term retognition memory, while decay
is not. But analysis of the recognition~errors suggests that
the ihterferencé effect was an artifact of the recognition’
test. Experiment IV controlied for this artifact, and indicated
that short-term recognition memory is subject to neither decay
nor interference.. Experiments V and VI confirmed the persistence
of short-=term recognition memory against interferencg and decay
by increasing the amount of interference and the duration of
delay. Experiment V1| demonstrated that different rates of
presentation for the stimulus and interference items did not
consistently affect interference.

The results were interpreted as suggesting a persistence
of the memory storage against decay or interference while the

retrieval may be lost.
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INTRODUCT |.ON

Memory has been classified into. two distinct categories{ (1)
long~term and (2) short-term. Long-term memory (LTM) is defined aé
firmly establishéd stokage_cdnsisting of associative:conneétions inY;I;
ving repetition and,practice.(Corballfs, I§65; Meltdn, i963). Short—:
“term memofy.(STM) is a one-trial Iearnfng;phenomenon where the memory

is formed after a single short presentation (Meltbn, i963),_ Performance
is perfect or near-perfect‘wnen fhe‘retention test is taken immediately"
after the presentajion, but memory fails rapidly unless the materials
are constantly refiearsed (Broadbent, 1957, 1958; Brown, 1958; Speriing,
1963). |

Two major factors are suggested as the cause of forgetting
both in LTM and STM. One is.decay of memory traces thrdugh the passage
of time, and the other is ihterference from interpolated materials.

The relative importance of decay and interference in fhe explanation of
forgetting has been a matter of debate in recent years (Melton, 1963).
In the case of long-~term memory, the literature suggests that interfer-
ence by interpolated materials produces more retention loss than simple
decay ( Melton, 1963; #ostman, i961). But the role of decay as against
interference in short-term membry is not clear k Broadbent, 1963; Cor-

ballis, 1965; Melton, 1963; Peterson, 1963).



STM and LTM are sometimeg considered to be distinct processes
involving separate non-overlapping mechanisms. ButvSTM and LTM may
also be placed on a continuum invaiving the same hypothetical mechanism, =
"Théorists dichotomizing STM and LTM argue that thére is no interference
in STM; decay is the only, factor responsible for loss 6f short—=term
retention (Broadbent, I958,‘l963; Brown, 1958; Conrad, 1957, |958,‘_
1960, 1964; ‘Conrad and Hille, 1958; * Hebb, 1949; Peterson and Peterson,
1959). Theofisté favoufing the continuum viewpoint claim that both |
interference and dec;y operate in STM (Melton, 1963; Keppel aﬁé Undér-
wood, 1962; Petérson, 1966b, 1966¢c). The ]iterature fs not conclu-
sive enough to resolve this controversy between décay and interference
in STM (Bﬁoédbent, 1963; Corballis; 1965; Melton, 1963).
The experiments to be reported in this thesis,were designed
to compare the decay process with the interference process in short-
term memofy for visual stimuli under a rgcognition procedure. The loss
of short-term retention produced by decay itsélf is compared with the
" loss brought about by-decay and interference operating together. f
there is any significant difference between the amounts of memory losses
in these two conditions, a definite role may be assigﬁed to interférence
in STM. But if the difference betwéen decay and.the combination of
decay and interference is not significant, interference cannot be as—
signed any role in STM,
Most of the work on STM has used the method of i‘ecall.
Recognitioa is a more s:.asitive measure of reteﬁtion than recali. A

subject might faiil to recal’l 'some materials to which he has been exposed,



but may be able to recognize the exposed materials from among‘other
non-exposed materials. For recognition, a‘responsé need not be
generated; it is already there. As a result, thebretention score is
usually higher with.recoghition than with recali. Thus recail does
not tell the full story about refentioh. Somé portion-of retention,
measurable by recognition, goes unmeasured by recall. This study
uses recognition as almeasure of short-term retention for visually
_preséntéd stimuli.
_Two form of fnterference: retroactive and ‘proactive, are
- used in all memory tasks. Retroactfvé interference (Rl)'fs produced
by materiafs interpolated during the retention interval. This involves
a corresponding deéay effect. Proactiye interference (Pl) is produced
by materials preceding the presentation of the test materials. This
dpes not fﬁvolve any decay, because there is no retention interval in
this case. The present study uses both forms of interference.

Subjects often rehearse the items to be remembered during
the stimulus presentation and retention interval. This rehearsal
counterfacts decay and hence makes it difficult to isolate the decay
effecg. This study prevents rehearsal by having the $ubject say the
items during presentation and by presenting some dissimiiar non-
interfering materials, apparently to be memorized, during the retention
iﬁterval° There are two decay conditons: one with rehearsal allowed
during the retention in{erval (nothing being presented), and the other
with rehearsal prevented (dissimilar materials being presented). A

comparison between pure decay and reheé}sal, as isolated by the



operation, is also made. The prevention of rehearsal by having the
subjeét say thg.items dukihg {he sffmujgs presentation remains constant
for all conditions. -

Tﬁg results of thé presen{ series of experiments indicate
that there_i$ n0*diffgr§nce between effects of decay and interferénce
in short—terh recognifion mehory. Similarity of the interpolated
materials to the test material does not make any difference in the recog-
~ nition score. fimé in store does not affect retention either. Thfs
does not supporf.a decay interpretafion of short-term recognition memory;
nor does it ﬁonfirm the interference interpretation. Rehearsal does
.not éffect the recognition score. Short~term recognition memoryrappearé
to be rather resistant to both decéy and interference. This suggests
that the findings in most STM experiments with recall are applicable

to retrieval process only, not to the storage as such.

Decay and Interference in Short-term Memory
Tie theoretical controversy be&ween the continuity and dichotomy

viewpoints of STM (Melton, 1963) is maiﬁly due te the conflicting and
confusing literature on decay'and interference in shn?t-term memory
(Corballis, I965). The dualistic theory of memory storage, responsible:
fﬁr the recent controversy between decay and interference in STM, was
first proposed by Hebﬁ (1949). He suggested that STM and LTM involve
separate neural mechanisms. STM is mediated by a non-structural "act-
ivity trace'; and LTM by a relatively permanent "s{ructural tracet,

The activity trace of STM consists of firing of neurons in reverberatory



circuitse. ‘This reverberatory "activfty trace® is subject to rapid
deéay bVé; time. |f the reverberétinn, ﬁowever, is allowed to cﬁntinue,,
the activity trace df STM may become the permaneﬁt structural trace
| of LTM, But tﬁe activityvtrace ié disrupted and wiped out if something
else is pfésenfed to the subject during the‘revérberatory,processg |
Hebb (1961) révisgd his 1949 theory in‘the‘light of his 196l experiment;
In a memory‘span'experimeht, he‘repeéted every thifd sefies of digi{s;‘v
without the knowledge of the subject. The result was a sign{ficant 
cumufative learning effect in the repeated series, whilé the non-
- repeated series remained at a chance level. .This shows a structural'
component in the so-called "activity'tface“ of short—term memory after
a single presentation (Hebb, 1961).

Hebb's (1949) dualistic theory involves bo{h decay and inter~-
~ ference e]ements., The "activity?trace" is subject to rapid decay, but
it is also subject to disruption by the presehtation of other materials:
Hebb's revised theory (1961) seems, however, to incline to a monistjc

viewpoint of memory storage. Melton (1963) repeated Hebb's (1961).

experiment and confirmed his conclusions.

Decay
Brown (1958) defines the decay theory as:’

.sewWhen something is perceived, a memory trace is established
which decays rapidly during the initial phase of its career.
Some decay of the trace is assumed to be compatible with
reliable recall-—just as partial fading of print may be com-
patible with perfect legibility. But recall will cease to be
reliable if decay of the trace proceeds beyond & critical level
(Brown, 1958, p. 12).



—byee

More recently, Peterson (1963) gives another definition of the decay
theary in terms of the operations carried out in memory experiments.
When a series of digits, letters or words is pre-
sented and tested for recall without any appreciabie lapse
of time, it is only the last item in the series that has oc-
-curred immediately before the test. |f the instructions
specify that recall is to be attempted in order of presen-
‘tation, then the test is not immediate even for that last - _
item. This consideration has led to interpretation of memory -
span.in terms of a trace decay theory. Stimulation seis '
up some kind of memory trace in the nervous system which
decays rapidly over & short period of time. As the series
of items presented is !engthened, the time interval between
presentation and recall of the individual members becomes
longer. As a result the trace becomes weaker, and proba-
bility of correct recall decreases (Peterson, 1963, p.336).
“In discussing a decay factor in STM it is necessary to maké
a distinction between two kinds of short—term memories: (1) a
rapidly decaying very short—term memory (lasting for a fraction of a
second) for non-categorized items, and (2) a more slowly decaying STM
trace receiving some categorized response (Aaronson, 1967; Broadbent,
1963). Evidence for decay of this kind of very short—term memory has
come from the experiments of Sperling (1960), Averbach and Coriell
(1961), and Averbach and Sperling (1961). Using a partial report
technique for a display of letter-rows, Sperling (1960) and Averbach
and Coriell (1961) found a rapid decay of the information availabie,
with the greatest loss occurring within the first .25 second. Sperling
(1960) also confirmed the earlier findings of Kay and Poulton (1951)
. and Poulton (1953) that retaining something in memory for later report

interferes with the ability to recall earlier material. Averbach and

Coriell- {1961) found that recal!l varied as a function of delay between



stimulus presentation and cue for recal\ frbm 70% at zero delay to 35%
at .2 second deiay.liThe inferesting feature to note in this experiment
is that the recall score neither.feached 100% at zero delay ﬁor did it
approach zero at the final level. This meahs that some of the materijals
reached a more perﬁanent store. These two experiments (Averbach and
Coriél[, |96|; Speriing; 1960) seem to indicate a rapidly decaying
immediate membry systeﬁ; al though they shbw sbme interference 2ffect
.too._ Using a similar fechnique, Avefba;h_and-Sperling (l96|)_found

- that fhe decaj time depends upbn pre- and pﬁst—exposure conditions as:
weli as on the exposure»itéelf. The measufed decays varied from 1/4
sec. to severai seconds. They also found that new information e%éses
previous information. Another series of studies on immediate memory
(Broadbent, 1957, 1958; Brown, 1954 ) ipdicatgs,a rapid—-decay STM pro-
cess. Broadbent (1957) presented six digits to one ear and two digits
to the other ear, requiring.Ss to recall the six digits first and fhen
the two. Recall was higher if the two digits were presented at the
very end of the six digits rather than a second eariier. Here the time
difference seems to be the crucial factor and the results support é
rapid-decay interpretation of immediate memory. Brown (1954) found a
fetiproca] relationship between the recall of some»material and the
retention of sométhing eise (while recalling) for later report. He
presented arrows and numbers simultanecusliy. |f S recalled the arrow
tist first, fol]owed by the number list, recall of nuﬁbers was poarer

than recall of numbers first. fhis shows a decay effect of the time

taken by the recall of arrf:ws° ‘But the interference effect by the
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recall of arrows cannot be ruled out. |f S recalled the numbers and
then the‘arrows;'number score was also worse than recall of numbers
alone. Mere retention of the arrows while recal!ing the numbers affects

the number-recali. This is rather hérd to exblain by the decay theory. 

The resuits confirm some earlier studies (Kay and Poulton, 1951;

Poulton, 1953) and indicate that-rgtention is an active_process and the S

intervening activity (recall and retenthn’of the arfows in this ;aSg) ,v'
affécts rééali. Further support’of.the decay‘theory.of STM has come
from Conrad (1958). Using dial and keyset telephones he f0undfthaf7Ss  ' 3
make more mistakes in recalllng a number by dialing’thah by pressing |
the buttdns'of the keyboafd. "The dial method of recall takes longer
time.and produces more forgetting (Conrad, i958). This supports a
rapid~decay interpretation of immediate memory.-

Decay in the second catego}y of STM is a.function'of time

over a longer range of retention intervals (several seconds or minutes),

.irrespective of any material or activity oeccupying the interval (Broad=-

bent, l963; Peterson;'l963). The decay experiments of STM of this kind.

~vary the time in store for materials either by varying the rate of pre-

sentation, as in traditional memory span experiments, or by delaying

the recall for various intervals with or without interpolated materials.
The inter—item rehearsai by S during presentation and recall in both
kinds of experiments is not usually controlled except by requiring S

to respond to the items. Most of the delayed recall| experiments con=-
trol rehearsal during the delay interval by presenting some diséimilar

materials irretevant to the memory task (Brown, [958; Keppel and Under-
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wood, 1962; Murdock, 1963 a, 1963 b; Peterson and Peierson,,l959);
a]though a few delayed recall experihants left the interval unfilied
and rehearsal uncontrolled (Anderson, 1960; Crawford et al., 19663

McLane and Hoag, 1943).

Rate of Presentation and Decay in STM
A decay theory would suggest that fncreasing the rate ofv

presentation onvan immediate recall‘task should decrease the time in
store and improve recall. Decreasing the rate would accordinglyvinckease
time in store and should result in decreased recalf. But rehearsal |
and organizétion of the stimuli by S confounds the dec;y prediction
here (Corballis, 1965; Posner, 1963). ,Experimehts with varying rate
of presentation have yielded conflicting'results; some are in favour
of while others are against the decay prediction. Conrad (1957) tested
the decay theory and found evidence to support it. Series of eight
digits were presénted and recalled either at a slow (30 digits/minute)
or at a fast (90-digits/minute) rate. He found better recall with the
faster rate. A similar stddy (Conrad and Hille, 1958) used paced or
unpaced recall in addition to the slow and faster rates of presentation
and recall. The resutts show a decline in recall with increasing mean .
time in store in paced recall. ‘Unpaced recall was superior to paced

. recall at all ratesol'Tﬁis seems to indicate that when rehearsal is
controlled by pacing both stimuli and responses, recall is a function

of mean delay between stimulus and response; this supports the decay

theory. These results have been confirmed by Conrad.(1958), Fraser
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(1958), and Mackworth (1964a, 1964b).
| But Bergsfrom (1907) found a uni form decline.in'errors of
‘immediate recali with fncreasing time intervals from .5 to 2 seconds.
These results have been confirmed more recently by Guthrie (1933) and
N McReynblds and Acker (1959) using a.different technique. Pollack‘(i952)
presented mixtures of digits and cdhsonants at intervals ranging.fromﬂﬁ
.31 to 4 seconds. He found a decrease in recall with reduction of
 infeEstimulus interval.- Thejsame general relationship was found in
another study (Pollack, Johnson, and Kﬁaff, 1959) with a different
_technique. In this experiment 25 to 40 digits were presented in a
‘running memory span design at intervals of'°25,‘.5, | and 2 seconds.,
The Ss were either informed or not ihformed of the series—iength; but
were requiréd to réégll as many successive adjacent digits as they could
ending with the terminal point. The resﬁlts show a higher reéall at
" the slower speeds than at the faster speedé. Differences between
groups informed and uninformea about the series-length were reduced
as the rate of presentation increased. Mackworth (1962a) varied the
réte of presentation (from l/h to 2 seconds) of 8-digit or 9-digit
_messages in a visual presentation and found an,improvément in recall
with slower presentations. The results do not support the decay theory.
in another study (Mackworth, 1962b), she varied the'duration and length
of digit=lists in a simultaneous or successive visual presentation.
Results show an increase in recall with the increase of message dur-
ation and length in the simultaneous presentation. This goes against

the decay hypothesis. But the block display at |/2-second/digit was



significantly hetter than s{ngle digif dfsplay,at I-second/digit;"
This could)~howevér;‘be interpreted as subporting'the decay theory of
immediate memory'.- “ | | _ |

Mackworth (1964b) and Posner (1'963, 1954) have attempted to
account for these conflicting resulfé. Mackworth suggests that bre;
sentation modélity.could-be a crucial factor. Studies showing’decreased:
recall with decreased rate havé used aural presentation, while”viEUél
preséntatinn has been used ih mdst experimenfs_showing dpposite resdlts;.
.Posner (1963) suggests that slower rate allows S more time to perceive5i'
organize, and rehearse the matefial, and if resufts in increased reca{l_
"in many situations. However,vwhgh prganizing ability is restricted by ..
time factpr and nature of the material; incréaéing the rate of presen-
tation decreases the time in store and results in increased recall.
Posner (1964) presented a series of eigh{ digits aurally at two rates.
He found that recall was more accurate at the fast than at the siow
presentation when recall was ordered. |f Ss were instructed to recall
the last four digits before giving the first four digits, recall im;
péoved at the slow rate, but remained the.same at the fast rate.
Posner (1964) suggestg that this higher recail at the'slow rate might
have resulted from more efficient rehearsal strategies and organizational
factors.

Recent findings with varying rates and modality of presenta-
tion do not support the decay theory (Corballis, 1966a, 1966b). Cor-
batlis (1966a) varied both the between=- and within-series speed in a

digit span experiment. Recall was better with slower rather than with
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faster speeds. In another study (Corballis, 1966b) interdigit interval
was either increased or decreased gradually Eoth in visual and auditory
presentations. Recal | iﬁcrea;ed with increased inter-digit interval
in‘visual presentation. This is again evidence against the decay theory;
In the aural presentation, however, results did notVShow any consistent
tendency wnth increase or decrease of inter-digit interval. This
suggests that auditory short-term storage is more effective than v;sual
storage, but there is little ev;dence within modal ities. to support the

decay theory.

Delayed Recall and Decay in STM
Tnme in store is also varued by delaying the recall test after

“the presentation of. the stimuli to be remembered. But the decay function
of such a delay interval is confounded with a rehearsal factor counter-—
acting the‘decay process (Corballis, 1965; Posner, 1963, I9645. Most
of the delayed recall experiments present some irrelevant materials

and require S to respond to them in order io prevent rehearsal dufing
the interval (Brown, 1958; Murdock, l96f; Peterson, 1963, |966a;
Peterson and Peterson, 1959; Pillsbury and Sylvester; 1940). Here
-also, the decay effect is confounde& with the interference effect pro- .
duced by the presentation of the irrelevant materiais; and it is rather
hard to isolate the decay factor as such from the interference factor

in such situations (Corballis, 1965; Posner, 1963)., Conflicting re-
sults are also reported in the delayed recal!l experiments: some are

in favour of, others against the decay prediction of STM.
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McLane and Hoag (i943) varied the delay from zeroc to 180 sec—

onds after the preséntation of six nonsense syllables. There was no
-interpolated task but SQ were asked not to rehearse the material during
the delay interval. Recall-Was grQered} .The results did not show any
systématic decline in recall wfthvtime. Aﬁdérson (1960), howéver,

found a decline of reﬁall of 12 digité‘from‘72 to 60% oveE a 30-second
intervél even when rehearsal was allowed. But a recent study (Crawfﬁrd
'et al., 1966) confirms McLane andUHoag's {1943) results. Crawford et
al. (1966) preéented sequences of lgfteré, either meaningless, or formed
words, or formed sentences in content; at the rate of .7 second/]etter.
'Retention'intgrval varied from | to 10 seconds (I, 4, 7 or [0 sec.).
There was no interpolated task du}ing the retentioﬁ interval.‘ Recal |
did not decliné with longer time‘intervals; rather it improved. Degree
" of meaningfulness affected the accuracy of recall, but there is no
interaction between retention-interval effect and degree of meaningfulness.
The findings are evidence against the decay tﬁeory of memory. Pillsbury
and Sylvester (1940) found a decrement in recall produced by interpoifated
task. Ss were presented with series of six pictures, or nonsense syl-
lables, or words. The results showed a decrement in Eecall scores from
24 to 43% as a function of the interpoiated task. The results further .
show that the difficu}ty of the interpolated task, raﬁher than its sim-
ilarity,to the test material, is the crucial factor in producing the
decrement. - These results could be interpﬁeted in support of the decay
theory, since similarity of the interpoiated materials does not count

here. Decrement produced by the interpolated task could be due to ef-
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fective control of reheérsal; the more difficult the interpolated task, e

the more effective is the control of rehearsal (Posner, 1963, 1964).

Similar results have been found, mofe recently, by Brown ((1958). In a

test of the decay theory of immediate mémpry, he presented series of .

consonant diagrams. A number reading task was interpolated as the ir~ .

relevant stimuli. Further consonant combinations were presented as

-interference stimuli. The results show a poorer recall with time when

rehearsal is controlled by'thé intérpolated adtivity; similafify of ‘
the interpolated materials did not affect recall. Brown interprets
these results as evidence fér the decay factor in immediate memory . He.
further shOng that proactive presentafion of the irrelevant {ask makes

only a slight difference, while.retroactive presentation has the largerff

' effect. Peterson and Peterson (1959) found a similar progressive decay

effect with time in the recall of a single item. A single consonant
trigram waé'presented and S counted backward in threes or fours from a
specjfied number as the interpotated activity. Recall dec!ined from
80% after 3. seconds to 10% after |8 seconds. The results are inter-
preted as a strong support of the decay theory of STM and the interpo]-
ated counting activity has been described as an effecfive rehearsal- |
preventive mechanism (Posner, 1963, 1964).

But the Peterson and Petérson experiment has also been cited

in support of an interference theory of short-term memory (Keppel and

Underwood, 1962; Melton, 1963). In an attempt to understand the rela-

tion between short-—term and long~term memory, Peterson and Peterson

required S to rehearse the trigram orally or silently before beginning
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the interpolated task. iRecall improved as the time for oral rehearsal
lincreased from zero.to 3 seconds, but wiih silent reheafsal no significant
improvement occurred. Similar results are_répbrted by Conrad (1960).
Seven- and eight=digit lists'were used. During the | 0-=second period
of silent rehearsal following the presentation of the list S was re—~
~quired to say the digit zero once for | seccnd. This |-second inter-
ruption could occur at any point during the lO-second silent rehearsal;
The recall score drops down to a half due to this interruption. The
silent rehéarsal appeurs to be of no use as in the betersons' results
(1959). Thus the rehearsal explanation of Brown's (1958) and the
Petersons! (1959) results does not seem to be-very convincing and an
iﬁterference effect by the inferpolated task cannot be entirely rulgd
out. | |
Posner (1963) attempts to account for this discrepancy in
terms of the amount of matériai to be recalled. Brown's (1958) two-
letter iteﬁs were better consolidéted without overt rehearsal; but
the Petersons! (1959) three unrelated letter§ needed much overt rehearéal
to become significantly consolidated (Posner, 1963). A similar éug-
gestion is also made by Mufdock (1961) that the number of "chunks"
(Miller, 1956) or units, rather than the number of items in the to-be-
remembered materials, is the important factor in short-term retention.
Murdock, (1961) repeated the Peterson and Peterson (i959) experiment
with single words or three-words as the stimuli. He found results

like the Petersons' (1959) experiment with three-words as the stimuli,

but very little forgetting occurred in the single~-word design. This
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supports the number-of-''chunks" hypothe#is (Miller, 1956). Melton

(1963) ha; confirmed Murdock?®s (1961) re§ults with lists of consbnants

as étimqli, and found that the rate of forgetting was a direct function

of the ngmbef ﬁf consonants (chunks) to be remembered. Melton (l963)

' iﬁterprets'his results as a function of intra-unit interferénce between
the»chunks'to‘be remembered. Melton®s results have, however, béen:-
ihterpreted in terms of rehearsal during intérpolated tésk as supporting

‘a'decay thedry (Corballis,_i965). Corballis (1965) argues that "the
major portion of varianﬁe (in Melton's results) is accounted for by the

_interaction between the number of chunks and time™ (Corballis, 1965,

p. 14). Further light is throwh on the rehearsal strategy in recall by
Sanders (1961). He presented lists of eight digits and had his subjects
group the digits into four chunks while rehearsing. The_results‘show

a significant effect of rehearsal.

Conrad (1964) presented letters visually and-found acoustic
confusions in recall as in auditory preséntation under noisy conditions
(Conrad and Hull, 1964; Conrad, Baddeley and Huli, 1966; Conrad, Free-
man and Hull, 1965; Wickeigren, 1965a, 1965b, 1966a, 1966b). He checked
that the errors were not perceptual. Conrad argues that the decay
theory implies the existence of partially decayed memory traces yielding
incorrect recalls (Brown, i958) which are systematically, rather than
randomly, related to the presented stimuli. The results are therefore

. consistent with the decay prediction of STM.

The differehce between siient and vocal rehearsal has yet to

be accounted for in interpreting the decrement in delayed recai! tasks
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with interpolated activity (Brown, 19583 Petersén and Petérson, 1959)
in terhs of a decay factor.in STM. Again, there is evidence against
the view of rehearsal servihg to prevent decay of the trace with time“‘
(Murdoék, 1961; Peterson, 1963). Murdoék (1961) varied the number of
. itéms in the Ijst and the rate of presentation in a running memory task
»in-whiﬁh S had‘to report the first and last three words of a serie; of
unknown length. Results show a decline in the recall of the first word~
with the anber of interpolated itehs, but rate had no effect, iiThe
. errall tfﬁe in stoie did not affec{ the recall. This goes against the
decay prediction.and seems to support an_interference interpretation.“
Murdock (1963a) presented lists of A-B bairs,‘réquiring S |
to recal| the B member of a single pair; given the A member of the pair,'
Recall varied with the number of interpolated pairs rather than the ,
tength of time. In aﬁother study (Murdock, 1963b) lists of 6 paifed-
associates were presented, and either 3 pairs or all the 6 pairs were
tested fnr_recall.} Recall score declined as the number of interpolated
‘recalls increased. These resulté'sgem to support an interference rather
than a decay theory of short-term memory. Peterson (1963) presented a
nonsense syl lable twicé, at an interval varying from | to Il seconds
filled with counting activity. Recall was taken after a 6-second interval
of counting backward following the two presentations.. Results show a
significant improvement inirecall with increasing time between the two
presentations.' This is.just the opposite‘of the decay expectation and
hérd to explain by a simple decay notion.

Recently, Peterson (1966a) found another phenomenon difficult



—18~

to_explaih by the decay’theory. He pfesented‘lists of five paired-.
associates séqugntﬁally; Recall ofsthe items f?om last positions in

the list decreased at first as the inferpolafed activify (reading numbeks5 :
lengthéned, but then ft increased. Earlier items tended to be rscalled

with greatér frequéncy as the interval Iengthened._ The initial,dkop

in recall‘souid be ihtekpreted asvsuppqrtfng the qécay theory; vbut the
'reminiscence'phendmenon.tounts as more evidence against the décay thesry
 of STM.

In all these conflicting resUlts, however, some ambiguity is
Qnavoidable since tﬁereris as yet no independent‘criterion for determin-
ing how effectively the interpoliated fask prevents rehearsal, or what
other detrimental effects the interpolatgd materials might have on recall“
(Corballis, 1965; Keppel, 1965). We have to wait for some cléa}-cut_ |
results showing all these factors properly isolated before drawing éhy

conclusion about the role of decay in short-term memory.

Interference

The interference theory as an explanation of forgetting has
its origin in McGeoch's (1932) classical attack on thé Law of Disuss,
a!though such a cdntept was known to Ebbinghaus (1885). More recently,
according to Postman (1961) "interference theory occupies an unchal-
fenged position as the major significant analysis of the process of for-
getting. ...the recent years have seen little debate about the basic
assumptions of the interference theory"™ (Postman, 1961, p. 152). This

statement refers mainly to Tong-term memory (LTM); but the theory has
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implication for short-term hemory (STM),aa'weli. in its refined form
(Meiton, l96|; Postman, I96i),othe interference theory implies that
even the traces resulting from sungle repetitlon are "structural".(Hebb,-‘t-
1946, |961) and permanent "except as overlaid by either the . recovery of
temporarily extinguushed stronger competing traces or by new traces;
and ...all persxstent and progressive Iosses in the retrieyability of = B
traces are to be attributed to'such'aSSociative interference:factors;r
“-and not to decay‘or.to combination of nonassociative>disruption‘plus'
~ decay™ (Meiton,ll963, pe. 8); In testing toe decay-hypotheois in STM,
rehearsal is controlled by,presenting some taéks duringrthe retention
| interVal. But such presentation of rehearsal-preventing tasks might

also interfere with the normal formation of the tracea. WAccording to
decay theory such interferences shoqld; however, be ‘independent of the
‘degree of similarity between the original task and the interpolated . |
activity" (Postman, 1964, p. 158). Similarity between the original and
interpoiated tasks, according to the interference theory, is a crucial
variable in producing forgetting both in'LTM and STM (Postman, 1961).

In testing the interference theory in STM (LTM as wel!l) simil-
arity of.toe interfering materials is systematicaily yaried; dissimilar
materials are presented as a control preventing rehearsal by the subject.
Erperiments on interference in STM present the interfering materials
sometimes before (proactive interference) and sometimes after'(retroactiye
interference) the presentation of the test materials. Stodies'dealing
with the interference factor in STM will accordingly by discu;sed under

two headings: (1) retroactive interference and (2) proactive interference.
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Retroactive Interference

The similarity factor in retroactive'iﬂterfekence (RI') studies
has been the most controversial issue in the debate.between.the decay
and interference theories in short—term memory in recent years (Broaﬁf
bent; i963; Corballis, l965§ Peterson, 1963; Postman, 1964). De;re-,
ment of recall resulfing}from presentajion of some réheafsal-preventing
dissimilar materials is consisten{ wi{h both'decay and interference
theory. Additionap loss of retention due to the presentation of‘mater-
ials similar to the test matérials is the pfedictinh méde by the inter-
ference, but denied by the decay theory. Results from the crucial
tests of this prediction of the interference theory in STM are ambiQUous:
evidence is sometimes in favor of the interference ciaim, sometimes
against it.

An early study (Pillsbury and Sylvester, 1940) did not find
similarity of the interpolafed task to reduce recall; rather the dif=-
ficulty of the interpolated task reduced recall. Brown.(l958) varied
the similarity of the interpolated task, but did not find any similarity'
effect of Rl in STM. More recently, Poilack (1963), using a memory span
design for digits, reports a significant interference effect by inter-
polated digits. He foﬁnd that recall significantly dezreased with in= "
Creasing number of interpolatea items, the rate of presentafinn being
constant; while increasing the rate, keeping the amount of materials
constant, affected recall less. In fact, recail improved with siower
presentation of:the interpolated digits. fhis was interpreted by Pollack

as supporting the interference theory in short-term memory. But his
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resulfs do not necessarily indicate a similarity function of the inter-
polated task as there was no dissimilarity~control; and Ss were.encouf-
aéed to rehearﬁe whenevér possfble. .The Qréater decrement of recall .
with increasing number of iﬁterpolated,digits (rate being constant)
might have been dUe to ejfectivé prévention of rehearsal, rather than
interference. Mdke'clear;cut results showing a Rl similarity effect in
short-term memory are now avéilablé. Mackworth (l964a) preséhted digits, i
co[oﬁs, shapes or letters for immediate recalf;  She fuuhd recall to be
inversely related to the duratjon'of a different kind of interpolated
maierials rathef than the amounf. But iﬁ the hohogenéous messages, .
(same kind of interpo]ated material), recall decreased with the length
of the interpolated message. This indicates that similarity of the
intgrpoiated matérials plays a signficant role in the Rl effect in STM.
More positive evidence for the effect of similarity is pkovided

by Neimark et al. (1965). -éhort-term retention of singie high= or low=
association value CVC trigrams was tested after O, 3,‘9 or |8 seconds

of interpolated presentation of 3-digit numbers or high—, medium- or
low-association value CVC items. High-association value CVCs were well
lrecailed under all cﬁﬁdi£ions. For low—associatibn vélue items, recall
declined with incréasing similarity of the inferpolated items, The
results support the similarity prediction of the Rl paradigm in STM,
These results have been confirmed by Schwartz (1966). Digits, CVC tri-
grams, monosyllabic words, colors and forms were presented in blocks.
 Each added: block lowered recall of‘the preceding block. Retroactive

loss was greatest when similar materials were presented in two adjacent
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bloc&s. ‘Similarity of the interpolated materials plays a significant
_ role here, and the'results suppart the interference theory in short-term:
memory. Thé similarity factor is also found to impair recall in paired-
associates studies. Bruning and Schappe (1965a) individually presented‘A
‘single CVC paired-associates and tested after O, 4, 8 or 16 ;econds bf
presentétion of numbers, consonants,or CVC pairs. Recall varied in-
versely with the similarity of test and interpolated items.‘ A‘replica- .
"tion of the study with some modification yielded similar resuffs |
(Bruning and Schappe, 1965b). These results are confirmed by Brelﬁford
et al. (1966). Sequences of 4, 6 or 8-paifed—associates were présented.
Recall declined with.increasing number of interpolated pairs. The re-
sults furnish gvideﬁce for significant Rl effect in STM. A similarity
effect on Rl is found in retarded subjects (Metzger et al;, 1§65). in
this study, retarded Ss were presented with single words and tested for
recall after 16 seconds of presentation of similar words, instructed
rehearsal, listening to music, or simpie rest; Recall was signiffcantly
'poorer,in case of presentation of similar‘words than other conditions.
The results:indicate that similarity of-the interpolated tas' decreases
recall in retardates as in normals. .
) Somewhatbdifferent results are obtained with letter—sequences.
as the stimuli. Murray (1966) presented sequences of letters and varied
the similarity of the interpolated materials, rate of presentation and
length of stimulus lists. Results show a poorer recall with more similar
interference items (rhyming letters), longer list }ength,‘and with less

time available for rehearsal. But there was also significantly more



decrement in recall with active calcelation of the'interpolated digits
than when ﬁerely calling them out. The results pese prqblems both fok
decay and interference theory. The greater loss of recéll‘under active
talculatiqn of the interpolated digits is cohsistent wjth decay theory: 
"the active calculation preventsbrehearsal more effectively. But the
greater decrement of recall with mokevsimilarity of fhe in{erpolated‘
_ma{erials is not accountable by the decay theory; interference (RI)

is probably the only_explanation.. But the greater decrement with active
calculation is inconsistent with the interfefence theory, unless greaterf'
task-involvement is assumed to be an interfering Situation. Similar
~ decrement of recall'with greater involvement with the‘interpola{ed task
is reported by Loess and McBurney (1965). They presented word triads
and consonant trigrams individually and teeted affer 9 seconds of interf
"polated task, either active (subtraction) or passive (saying digits).
Recal|l was best without the interpolated task; but poorest recall was
found in the active interpolated condition. The results, while con-
sistent with the decay theory, do not support the-interference theory,
unless task-involvement is considered as interfering: But the study
found some evidence for interference by similarity of the interpoiated
materials. Recall was worse in a letter—-interpolated cbnditioh thaé“ -
dig?t—interpoleted conditions. This supports the interference theory
(RI). The relation between task-involvement and recall in the results
of Murray and Loess and McBurney_has been.confirmed by Bruning et al.
(1966) with a paired-associate method. ‘Low-association value CVC paired—

associates were presented and tested after 7.5 seconds of different'kinds
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of interpolated tasks (ective or'passive);_-The interpolated task was
’ multiplication of 2-digit numbers by I-digit numbers. In the active
condition Ss worked out the so[utions, and in the passive condition the
solutions were given; Ss merely recited them. Recali was poorer when

 the interpelated tésk was active. The degree of fnvolvement in the
lnterpolated activity seems to be an lnterferlng conditon, unless it is
explanned as a decay sutuatnon with effective preventlon nf rehearsal.

4 Probably along the same line, an interference effect of a mere expectancy
of a brief interpolated task (without any apparent unterpolated activity) =
fs.reported by PonSnyn (1965). Retention test of a,é-letter display
was taken after 15.5 seconds; A brief in{erpoleted event (choice reaction .
time for | second) occurred at different points (0.5; 1.5, 4.5 or 13.5
seconES) of the retention interval. In the control condition (without
interpolated event) an expectancy for the interpolated task was maintained.
There was not much difference in recall between the interpolated and

_nonlnterpolated conditions. This |nd|cates that expectancy has an anter—
ference effect. Among the |nterpolated conditions, the drop in recall
was the largest when the interpolated event occurred immediately after
the presentafion of the stimulus display. This suggeets that consoiidation
of ST™ trace islan'important factor to be taken into account. |t also
implies that retention is not a mere function of time; rather the events
taking place between the stimulus presentation and recall are important
variables determining the retention score. The results are inconsistent
with both decay and. interference theories in their present forms. The

largest drop in recall following the immediate occurrence of the inter-



-25-

polated event is not quite conSisfeht with the rehearsal prevention
h;pothesis of the decay theory, because the subjects can véry welf're-=J
~ _hearse during the rest of the interval. Likewisé, the éimilarity hypo;_
~ thesis of the‘retroactiye interference theory is not consistent with
the results of this study, sihce intefpolatioh.of a dissimilar task
(or mere expet{ancy of it)‘imbairs recall. Buf the overall decrement
in recall was not very large in comparisbh to Conrad's (1960) resulfsg
and'Pdlyshyn explains this‘as due to dissimilarity of the'interpolated.
materials. | |

' The acoustic and semantic similarity of'tﬁe interpoiéted mét-
erials are also found to produce a Rl effect in STM. Wickelgrenl(l965b) )
auditorily presented sequences of 4. letters and tested after interpolatioﬁ
of 8 acoustically similar or dissimilar ietters.. Ss copied both the
stimulys and interpolated lefters. Recall was poorer with écousticaily
similar than dissimilar letters interpolated. Results indicate thét
acoustic similarity of the interpolated materials is more interfering
than acoustic dissimilarity. The Similarity hypothesis of the RI theory.
of STM (as in LTM) is supp&rted by the results. But the similarity
factor carried to a high degree actuaily facilitates Fecail, rather than-
hindering it. Wickegren found that when identical letters are presented
(in a different order) in the ihterpolated situation, Rl is less in the
- recall of items but ﬁore in the recall of serial positions, Thase re-
sults have been confirmed by later studies with single consonants and
.consonant sequences as stimuli (Conrad, Baddeley and Hull, 1966; Wick-

‘elgren, 1966b). Baddeley (1966) compared the acoustic and semantic
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similarity of the interpolated materials in the Rl effect in STM. ‘He
presented sequences of five words, ééoustically similar or dissimilak,'
or seméntically similar or dissimilar (adjectives with similar or dif—
ferent meanings). Both acoustic and semantic similarity significanfly
.decreased'recall; but acoustic ;imilari{y has the larger effect.. The
acoustic similarity effect was confirmed in a visual presentation;ibuf‘
the semantic similarity was not. The results lend support to the sim-
ilarity hypothesis'of Rl effect in STM in its acoustic sense, and, to
some extent, in its Semantic sense also. | |

A different kiﬁd of interference-effect'(input and output
interference) is reported by Tulving and Arbuckle (1966).. They presented
a single paired-associaté item in a‘fixed positioniin'a series of simiiar
pairs, and tested for recéll after various interpolated pairs (inputs)
or recalls (outputs). Recall of the critical item was higher foliowing
the interpolated recall of tWo items than following interpolated presen-—
tation of two pairs. The results confirm an earlier study (Tuiving and
Arbuckie, 1963) and indicate that -input interferepce is greater than
output interference in STM. These results do not readily fit in the
interference or decay models in their present forms. The time interval
for poth the interpolated presentation and recall is the same, and re-
hearsal is equally prevented.in both the situations (perhaps more ef-
fectively under interbolated recall); ~the difference'in recall of the
critical item cannot bé attributed to decay. The interfergnce theory
with.i%s similarity hypothesis also cannot account for the difference,

since the similarity variable in both the situations is more or |ess
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constant. Greater interference by interpolated information processing.

‘than retrieving previously stored information is perhaps the explanationi-

for the results; and in that sense it could probably fit in the RI

‘ model of STM.

The evidence so far seems to be stronger in. support of the
similarity hypothesis in the retroactive interference theory of short—

term memory. But there is evidence that the similarity variablie, in

its semantic sense at least, is not a crucial factor in the Rl effect

in STM. Baddeley and Dale (1966) compared the semantic similarity ef=- -

fect on retroactive interference in LTM and STM with paired-associates

tests. 1In a classical RI experiment on LTM with paited-associates,

recall was foqnd to be a decreasing function of semantic similarity of
the interpolated pairs; but semantic similarity did not affect recall

in the STM test. 1In the STM test, sequences of three pairs of adjecfives
were presented and the first two‘pairs were tested immediately af{er

the presentation, the third being the interpolated pair. Simi!arfty or
dissimilarity of the interpolated pair did not affect recall. 1In another
experjment of the séries, increasing fist—length (2, 4 or 6 pairs) was

used, but no evidence for Rl effect in STM was found. The results show

‘that semantic similarity has no Rl effect in STM, although it has sig—

nificant Rl in LTM. The continuum hypothesis of LTM and STM is ques-
tioned by the results and a dichotomy is favored. Posner and Konick
(1966) varied the intraseries and interseries item-similarity and the
difficulty of the interpolated task. Within-series item-s}milarity and

time in store were found to 'impair retention more than similarity and
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difficulty of the interpolated tasks. The results indicate that interQ‘"
item interference of the stored materials is greater than interference

of the interpoiated -task. Similérity affects Eecall; _but not the Sim- '

ilarity of the interpolated task;_rathér simflarity between the stored

i tems produces the decrement. The resuits question the role uf simil- '

| arity in the Rl effect in STM.

This negative evidence (Baddeley and Dale, 19663 ° Brown,;|958;v'J7i“

Posner and Konick, 1966) cannot be neglected and has to be accounted

for before drawing any qonclusion regarding the similarity hypothe;js

of retroactive interference in short-term memory.

Proactive Interference

\

In the proactive situation, the interfering materials are

presented before the presentation of the test materials, and recall is

usually taken without any further‘interpo!afed task,’although some inter=
polated tasks are occasionally used. The similarity variable is stressed
in proattfve interference (P1) effect as well, and similarity of the
proactively presented interfering items is systematically varied in Pl
studies. Experiments with pdsitive Pl effect are qui{e numerous; but
negative evidencg is .not lacking.

. Keppel and Underwood (1962) demonstrated the Pl effect of the
number of previous t;ials with similar items in an essentialiy RI study-
of STM. Single consonant trigrams were individually presented and
tested for recall after 3, 9 and 18 seconds of intefpolated task of

counting backward by threes. Recall declined with increasing number
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of previous triais, Keppel and Underwobd varied the degree of initial
'learning and the number of prior items in a single list, and found - that
forgettfng increased as a.functidn of thg number-of previous |tems pre-.'
sented._‘THe-results are interprgted in terms of PI effect in STM as in
'LTM. 'Proactrﬁe ihhibition mounts up as practice with similar materials
continues. | o

Wickens -at él. (1963) presented single cnnsonant>trigrams or
3-digit numbers after various amounts df prior prattice with similar
or different kinds of materials.‘ Test of the critical item was taken’
after i1 seconds ‘of interpolated color—namlng task. Recall of the
'crutlcal item decreased wnth lncreaSAng prior pract:ce with snmllar mat-
erials; prlor practace with dissimilar matersals did not affect recail.
The results show a significant similarity-function in the Pl effect in'
‘STM, and confirm the Keppel and Unaerwood results. These results
(Wickens et al., 1963) héve been recently confirmed by Hofer (1965)
with similar techniques using both consonant trigrams and word-triads.
- Loess (1964) reported similar Pl effect in STM with increasing prior
practice with similar materials} Twelve cohsonant t?igrams were in-
dividually presented and tested after 9, 18 and 27 seconds of inter;
polated counting backward by -threes. Recall declined with increasiné
number of priorlitems, The results indicate Pl effect in STM, and con-
- firm the Keppel and Underwood study. In another experimeﬁt, Loesé
presgnted consonant trigrams individually and tested after 3, 9 or I8
seconds of counting'activity. Ss took two more sessions (each three

weeks apart) with additional materials. The results show a sign{ficant



Pl effect as.a func{ioﬁ of the number of prior trfals with similar
materials. Loess cdncludes tﬁat‘Pl operates both in LTM and STM in the
" same fashion; iHe‘furthér suggests'{haf'much of the forgetting resul t—
ing from the Peterson and‘Peferéon (1959) method is probably due to |
proactiVe iﬁhibitiﬁn from prior'trials. |

| Althouéh most of the PlAs{udies reparted positivé evidence
for Pl effect in STM, some expériments reported negative results.
Murdack (1964) presented‘lhsté of six paired-associates (common English
words) and tested at |-3 sé;iél positions at 6-10 seconds of retention 
intérval. The results do not show any significant decrement in recali
as a funétioh,pf stage df hra;tice, and there is no evidgnce for PI
effect in STM. Conrad and Hull (1966) sequentially presented series of
4 IetterS'(hnnsonants) and fested for ordered recall after slow or fast
presentation of a fiked numbgr of interpolated digits. Although recall
errors'degréased.sigﬁificantéy with'slower presentation of interpolated
digits (greater rehearsal); thg results do not show any significant Pl
effect from previous trials (serial position intrusion). In fact, the
serial poéition intrusion decreased with increase of reten{ion interval:
just the opposite of Keppel and Underwood Pl prediction of increasing
' recovery of previous agsociations (more PI) with time. Sinmilar négative
results are repnfted by Peterson and Gentile (1965) with CVC items. Indi-
vidual CVC trigrams were presented in 6 blocks of 6 tests each with 5
or 16 seconds‘of within=block (between tests) and 91 seconds of between-
block intervals. Recail was taken (in each test) after 0, 3 or 9 seconds

6% counting ‘backward by threes. Recall was better with longer (16 seconds)
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infertest interval; intrusions were smaller. This lack of'groaetiveg
intrusions implies forgetting of the previdus items probably due tq

Rl by later items. But the-same Rl effect should\work as Pl for the
sgbsequent lists. The results suggest that Rl effect is the stronger -
of the two interference sntuatlons (RI and PI). However, the lack of
intrusions, and ‘hence of-Pl, questions the PI hypothesns in STM end
'.ra:ses doubt about the results of Keppel and Underwood (1962) and . Loess

(1964); and this challenge has to be answered before drawung any con=-

clusion about the Pl effect in short-term memory.

Comparison between Proactive and Retroactive Interference
Before concluding the discussion on retroactive and proactive

interference in short-=term memory; some comparions between Pl‘and Rl:
effects in STM is in grder. Tulving and Thornton (1959) presented lists
of 16 dissyliabic English words. The learning of each list was pre-
ceded and followed by learning of other comparable lists. Ssvrecalled
- as many words as they could after 10 minutes of interpolated activity
(Shipley-Hartford Abstraction Test). The results show that the number
of prior tists (Pl) did not affect recall, while the increasing number
of subsequent Iiste significantly decreased recall (RI). This indicates
that Rl is significant in STM, Pl is not. But a recent comparison be-
tween Rl and Pl yields opposite results (Goggin, 1966). Two lists of
pei:ed-associates, each of 2 pairs of CVC trigrams and words, were ser-
iélly presented end tested after 6, 22 or 40 seconds of number-reading

task. While there wes neither Pl nor Rl with positive transfer, Pl was
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greater than Rl with negatfve.transfer. HoWever; more light is shed on
the‘relatiVe strength of Pl and Rl,in STM by Wiekelgrep (1966b), using
single consonants as stimuli. - Acoustically similar consonants were :
auraily presented.' Subjects copied a list of PI 1etter§, then copied

a single‘crftical'letter,.and fhen copied a Rl‘list of ]etters; -and
recéjl of ‘the critical item followed. The length and phenemievsiﬁi!arify'”
of the Pl and Rl lists Qere:varied. Both Pl and RI effects were sig- |
nificéht ane increased with-ihcreasieg phonemic similarity. .Rl increased
with increasing listelength,'but Pl did hqt increase beyondv4 letters. f
This could be explained by a$suming that decay is confounded'wfth R,
“but Pl is a pure associative Th{erferenCe situation. This coh{entioh_

is supported by the fact that both P! and Rl increase with phonemic
similarity. -This demonstretes siénificant’proactive‘and Eetrdactive
interference in short-term memoky. The results are interpreted by
Wickelgren to be consistent with parallel Pl and Rl effects in LTM.

To summarize, fhe positive evidence for the similarity effect-'
in both Pl and R! in short-term recatll is‘greater. But the negative
results have to be adequately accounted for before.drewing any concluf :
sion about the role of interference in short-term memery and in re-.

.solving the controversy between the decay and interference theories in -

short-term memory.
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Recognition Memory

Comparison between Recall and Recognition

- Recognition has’consi;;ently‘been found‘to Yierd highét scores

“than all forms of recall (Brown, |965; Hollingworth, 1913; Luh, 1922; ~

Postman, Jenkins and-Postman,-l948;i Postman and Rau, 1957). The super-—.
iority of recognition over recall has recently been challenged by Davis;j

Sutherland and Judd (1961). They argue that this apparent supéridrity

- of recognition over recall is because of a smaller number of alternatives

to choose from in the conventional recognition task (multiple-choice)
than in recall. |f the number ﬁf possible alternatives is made équal'
in both recall and recognition, much‘o} the diffgrénce between them
would disappear. In a test of this hypothesis, they presented lists of 
15 two-digit numbers and 15 two-letter syllabies once, and fhen aéked
the Ss to recall or recognize the items presented. Recognition was
taken out of a list of 30, 60 or 90 alternatives; recall was from an
ensemble of 90 possible alternatives. The results show that the amount
of information transmitted in the recognition conditions tended to in-
Crease as the number of alternatives increased. Perfbrmance scores,
tr;nsformed into information measures, show‘that as much information:

was transmitted in recall as in recognition. Davis et al. concluded that

~the superiority of recognition over recall, normally found, is mainly

due to larger number of alternatives to choose from in recall than in
recognition. When the number of alternatives is equal, recognition is

no better than recall. Thefrecugnjtion score depends not only on the
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lnumber; but. also on the nature of the.altérnatives used Dale and Bad-
deley (1962) presented 15 two-dlglt numbers between 10 and 100 to IOO
' Ss at the rate of 5 seconds per item. Ss wrote down as many numbers"'
-‘as fhey remembered@_ Two sets of 15 two—dlglt numbers were then con-
_:structed from the errors of lntrUSIons, one set.consssted of«the most
frequent, and’ the other of the least frequent intrusions. These tWo
sets‘of-numbers‘wére then uséd a#hincorkect alternatives invtwo recog- -
nition tests. The orlglnal 15 teet-xtems were presented to two groups
of fresh subjects. One group took the recognltlon test with frequent
intrusions and the other group with infréduent intrusions as the in- "
correct alternatives. The recognition score for the rare intrusion
group was significantly higher ‘than the frequent intrusion group. The
difference between the'original recali! score and the recognition score
with frequent intrdsions was very small. Dale and Baddeléy conclude
that recognition memory larger depends on the identification of certain
characteristics of the items. VWhen the fncorrect alternatives possess
similar characteristics (frequent intrusions), recognition ability de-
Clines; and much of the djfference between recail and recognition
disappears. | \
Scores on recall and recognition depend also on the memorizing
strategy used by the subjec{; Eégle and Leiter (1964) compared recall
and recognition of 36 words presented in three different ways. One
group was instructed to remember the words (intentional); a second
group was only keduired to respohd to each word by indicéting whether

it was a noun, or verb, or adjective (incidental); and the third group
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ihad to both Femember the words and perform the orienting task. Recall
was better in.the first group (ihtentional), but recognition was better -
in the othe( two groups. ThQISupérior recall of the intentional groupi
“is mainly due to use‘of‘a memorizing'strategy (e.Q., grouping,-rehéaf}
sing etc.). The reéults ihdffa{e that recal!l and recognition require
‘somewhat different learning operationé.- Recall requires organization
and rehearsal, while'recognitionrréquifegbresponding’to the.featurés
and ﬁharacteriétics of the items.. -

Lachman and Field (1965) show that recognition is superior
to‘kecall only at the‘early stage of learning; wifh increasing degree
of training much of the difference disappears. Independent groups'of
Ss received I, 2, 4, 8, 16, 32, and 128 presentations of a So-word-
sequential list Qith close appfoximation to English prose. The recall
group wrote down as*many words as they remembered. In the recognition
test, the test;items,wehe randomly mixed up with another 50 new words
"of the same order of approximation. The results show that recognition
is superior to recall only at the initial stage of learning. Following
trial 8, recall is uniformly 5uperioé fo recognitioh. Recognition errors
decline rapidly after the first trial. The authors take this to in-

dicate that recognition consists in eliminating the incorrect alterna-

tives in a multiple-choice test. Lachman and Field assume this as the ~ -

1

cause of the apparent superiority of recoghition over recall. |t may
be noted here that recognition of incorrect alternatives implies a cor-
responding recognition of the correct alternatives. However, somewhat

different results are reported by Lachman, Laughery and Field (1966)
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had to both Femember tﬁe words and perform the orienting task. Recall
was bettef in.the first group (intentiona}), but‘recognition was better'“ 
in the other two groups. The superior recall of the intentional'groupi: 
is mainly due'to use of a memoriiing stratégy (e.g.;fgrouping,*réheaf;‘,'
sing etc.). The EeéuftsvindiCafe that recall and recognition requjre‘
‘somewhat different fearning opératibns.v Recal'l réquires organization
-and Eehearsal, while recognitidn requifeg respondingvtb thélfeéturés

and cha}acteriétics of the itéms;_ |

Lachman and Fiéld'(l965) show that recognition is superior

toikecall only at‘the early stage of Iearning; wifh inckeasing degree . o
of trainfng much of the différence disappears.. Independent groups of f'
Ss received |, 2, 4, 8, 16, 32, and 128 presentations of a So-word
sequential list Qith close approximation td English prose. The rgcal]
group wrote down as”many words as they remembered. vln the recognitioﬁ
test, the fest;items'wehe randomly mixed up with another 50 new words

"of the same order of épproximation. The results show that recognition

is superior to recall only at the initial stage of learning. Folldwing
trial 8, recall is uniformly superioP fo recognition. Recognition error§
decline rapidly after the first trial. The authors take this to in-
dicate that recognition consists in eliminating the incorrect alterna=- -
tives in a multiple-choice test. Lachman and Field assume this as the
cause of the apparent superiérity of recogﬁition over recall. It may

be noted here that recognition of incorrect alternatives implies a cor-
responding recognition of the correct alternatiVes. However, somewhat

different results are reported by Lachman, Laughery and Field (1966)
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in a simiiar;study. Thé method.was S}milar to that of the previous study
.(Lachman and Field,.I965)‘éxcept that'{he words in this étudy were pre#
sented in a randbm‘order; The;resufts‘show {hat recognition was superiof -
“to'recall for most of‘the ranée 6f‘training. But with sufficiently-
Vintense training (128 ffials);:recall éurbassed recognitioﬁ."The results
suggest thatacompérison of reﬁallrandvrecognitfon fdr sequéntially de-
pendent stimuli (Lachman and Field, 4965)ﬂméy be inappropriate. Recog- |
vnition is typicallyvinsensftive to serial organizafion,'while éequential 
.dependency,-orgaﬁization and rehearsal are highly effectiVe for recall.ﬁ-v;
The superiority of recalllovar recognition after a few'trials in the
Lachman‘and Field study might haye been due to those:organizationaf
facotrs favorable for recall. | |
- A depressing effect of recail on recognition was reportea_by B

Postman, Jenkins. and Postman (1948). |In a nbnsense syliable experiment,
re:ognition:was found to be poorer after recall than before recall; .
Recall after fecoghition, however, was fﬁund_to be superior %o

recall before recognition. Recently, Hanawalt and Tarr (l96l)‘show

that recall has no depressing effect on recognition; rather it fac-
ititates recognitinn; Lists of statements ending in adjective-words

were presented for'a true-false test in an incidental learning situa-
tion. The terminal adjectives were tested for recall and muitiple~
choice recognition. Recognition was taken.immediately foflgWing recall
and 48 or 52 hours after recall. The recall groups produced higher
mean-recogqition scores théh the nonrecall groups. There isnoevidence

of a depressing effect of recal! upon recagnition in the résults. In
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' the delayed recognition groups there was of - urse a facilitation effect

of recall upon recognition. These results are confirmed by Brown (1965),
In a "miséing scan' experiment recognitioh‘was‘found to-improve'after3‘ _ ;.f

several attempts at recall. The results show an overall superidrityvof'” S

" recognition over recall, either before or after recall.

Partial-learning Model of Recaognition

? McNuity-(l965a) compared different measures of retentibn\(sékial';i}‘
anticipation, reconstruction, unaided recal | and recognition),and_found  ;_ 

retngnjt:on to yield the highest score. He explained this appareht sup- .

erib{ity ofhrecognition as an artifact of the Tearning 6peration. He
- argued that recognition does not require learning of the complete items

. or their serial order. Only some partial characteristics or features

- of the items -are to be learned for correct identification in a recognition"

test. But all forms of recall require a Eomplete learning of the whole
items to be corre;tly recalled. Comparison of fecall and recognition
is therefore pointfess. Such a. partidl-learning characteristic of re—
cognition memory was also indicated by Dale and Baddeley (l962) and |
Lachman and Fieid (1965). This partial-learning nature.of recognition
process has been further anaiyzed and confirmed by restricting the op~
portunities for partial=learning in the recognition test (McNufty, 1965b).
Lists of items of theré different orders of approximation te English
(first, third and text order) were presented. Retention was tested after
each presentation either by recal |, or standard recognition, or restricted

recognition. An equal number’ of new items from the same order of approx-



o

-38-

lmatron was mixed up with the old ltems in the standard recognltnon o
test. In order to limit the effectiveness of partlal-learnlng, the

restricted recognltlon test contained ‘incorrect alternatlves dlfferlng

from the orlglnal items in only one letter (structural part:al-learnlng).‘ o

The dlfference in retentlon score between restrlcted recognitlon and

recall was much smaller than between recail! and standard recognltlon.
The results show that when opportunltles fdr partial learning tovbe used
in recognition were restrlcted much of " the dlfference between recall:
and recognition. dlsappeared. ‘The resuits ;upport‘a partlal-learnlng
mode! of recdgnition memory; »_

The remaining difference between recall and recognltion after

eiimination of partiai learning probability (McNuity, -1965b) was further

suggested by McNulty (1966) to be due to a mediational‘assuciation aroused

by the sstimulus items. ln spite of the structural s:m:larlty between
correct and lncorrect alternatlves, the correct items may be recognxzed
if their mediational associations differ from that of the 1ncorrect
alternatives. Thia associative-type of partial-learning was found to
account for some of the difference between recall and recognition. In
one experiment the restricted recognition test contained incorrect alter-

natives similar in meaning to the original words. The assumption was

that the incorrect alternatives with similar meaning would tend to arouse

the same associations, and it would be hard to identify the correct item
on the basis of the associative-type of partial-learning. Some of the
difference between recall and recognition again disappeared; but the

difference between standard and restricted recognition was small. This
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could be due to greater effectiveness of structural-type‘of partial="

learning than associative-type; and the structural type of partial— .
Iearning was not varied in this expérimenf. Accordinly,'another'exper—'

iment of the study was designed to vary both structural= and associatng_f%}'

type of partial-learning-SimultaneoUsly; Eight-letter ééduences'ofﬁfirst;’:'
order of approximation to English were used as stimuli. The structural

similarity between correct and incorrect alternatives was obtained by

having them_differ only in one letter. To pdeide'commoh mediatiqnélm
association to the cdrregt and incdrrecf alternatiVQs;‘paired-assdciate
training was given to all the altgrnatives with the same méaninéfui\wbrﬁs;‘;f"
Stimulus items of the paired-éssociate‘lists were tested for recoghif}bn
in four different. ways: (1) standafd'recognition (aiternatives differ
both in structure and association),,(z) restricted recognition--stfuc-
ture (carregt and incorrect alternative; differ in.only one letfeé),i

(3) restricted recoﬁnitfon—-associatiun (alternatives have common med-
iational association), and (4) restrfcted recognition=-structure and as-
sogiation (aiternatiQes have both similar structure and common mediational
association). A control group was given the recall test. The'reSUIts
show that the differente between recai! and recognitioﬁ Qas less when

structural=-type of patial-iearning was controlled than associative-type.

But when both the structural- and associative~type of partial learning

were restricted simultaneously, the difference between recall and recog-

nition was insignificant. These results were interpreted by McNulty as

.supporting a partial-=learning model of recognition memory. A similar

suggestion of partial ‘learning in recognition memory was made by Postman,
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Jenkins and' Postman (1948). Postman et al. analyzed the recognition
err&ks (fafse positives) and found that items with gn2 or two comﬁon
iétters were‘mcre often chosen than items wfth coﬁpletely,differént'léte:
ters. They concluded that some ﬁartial features are.still remembereé
even when the whole item is not recognized.

WhateVer the nature of récognition'memory, wé_mfght wpnderf.
whether this trend of superiority of récognftiun over ré&all is applitaﬁ{e

to Short-termlmemory as well. 'And the same controversy between decay>. S

~and interference theories could’be,raLsed,for'short-ferm recognition-,j."

memory also. Short-term recognition memory (STRM) has not been.so. ex- -

_ tensively studied; nevertheless, some data are availabie,

Short-term Recognition Memory

Korn and Jahnke (1962) ﬁade a coemparison between recall énd ,
recaognition in short-tgrm memory for-digits, consonants and nonsense
syllables of high and low association values. Immediate memary of tﬁése
materials was measured first by recall; and then by-recognition for half
of the Ss. This procedure was reversed fog the other half of the Ss.

Recognition scores were higher than recall scores. Recognition span

-and recall span were most similar for digits and progressively less sim-.

ilar for consonants, high-.and |ow-association value'ndnsense syllables.
The results indicate that a similar relatioﬁship holds between recall
and recoegnition in short-term memory as in long~term memory.

The decay characteristic of short-term recognition memory for

3-digit numbers was studied By Wickelgren and Norman (1966). Lists of



two to Seven items were presented at the rate of one item per second.

Every serial position was tesfed. A ;(ngle‘BQdfgit.number.was presented

in the recognition test. fhe‘Ss had to say "yeS" or‘ﬂho" indicating

whether the item was included in the stimulus ljst.. Ss rated their con-

fidence in.the decision on a Sépofnt stalg. The résults,show'that STRM

decays exponentially with'thé‘number of'gubéehuently ﬁresented items.

Similar results are ;eported by Wickelgfen_(i967) in a study of short-

term recognition memory for sériaj okdef.' A series of 12 digits was preh'i‘

-sented in each trial. A-pair of digits was presenfed in the recognition

.test in which S made a "yes-;no" decision regarding.whether the respbnse

item of the test pair was an immediate successor of the stimulus itém

in the list.just préseﬁted. The Ss ﬁade a confidence>judgment of their»'

decision on a 4-point scale. The results show a.significant decay in

STRM for serial order. Wickelgren interprets this décay to be exponential

in nature. The rate of decay»in STRM for serial order is found tb be

,: quite similar-to that obtained in STRM for items (Wickelgren and Norman,
1966); This suggests that both item memory and_serial-order memory
are performed by the same memory system: -}nter— or intra-item associatian,

Retroactive interference iq short-term recognition memory op-

erates in the same way as it does in short-term recall memory. Wickelgren
(1966a) found that phonemic similarity of the interpolated materials pro-
duces the RI effgct iq STRM as in STM. A single Ietteé was presented,
followed by twelve acoustically similar or dissimilar letters (sequential
presentation). Then'a single letter was presented for recognition test.

@%? The subjects responded "yes™" or "no' to the test item indicating whether
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it was identical with or different from the origina['sti@ulué item. Ss
‘ ra{ed thejr éonfidence in the judgment on a 5=point scale. Recognition :
- Was poorer when inferpolated letters were acodstically similar to‘the"
stimulus item. The results support thé similarity function.of-the Rl ; 
'hypothesis in short-term recognition ﬁemory. This suggests that Ri,ﬁﬁf--:
" erates in recall and recognition memory in the'same way. An ana1ysi5';‘ -
B of the recognition eérors furthe}‘confirms this suggéstion;‘ Falsg
| rgcogni?ioﬁs afe anafdéous to ibffﬁsioﬁs in récali #tudies,-vii., they -
tend to be acoustically similar to the ;brrec{'items (Conrad, 1964;-
Wickelgren, 19655,'I965b). A similar Rl.effect is observed in.STRM for
pitch (Wickelgren, 1966c). Ss listened to a standérd_tone, followed by
an interference tone. Then a comparison tone was presented for 2 seconds,
following which Ss decided‘whether‘the standard and comparison tones were
same or different. Ss rated their canfidence on a 5-point scale. The
results show that recognition of the standard tone beéomes poorer when
the interval between the standard and comparison tones is filled with
an interference tone, and the duration of the interference tone is in-=
versely related to the recognition score. .This supports an Rl inter-
pretation of short-term recognition memory. '

As in short-term recall memory, the controve?sy between decay
and interference in short-term recognition memory also has to be |eft
unresolved. The evidence for retroactive interference in STRM is greater;
but the decay effect is also qbserved (Wickelgren, 1967; Wickelgren and
Norman, 1966). Further evidence is required before drawing any conclusion’

@%9 ' about the controversy. -
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On the other hand, persistence of short~term recognition memorj] E

,after iong delay and considérable»émount of lntervenlng materials'is an=-
other phenomenon to be explained‘by a memory theory. Shephard and:
Teghtsoonian (1961) found recognition to be}above-chance after‘as hany

as 60 interpolated’presentations.' A large sequence of 3-d|g|t numbers

was presented. Each number occurred twice in the sequence after varylng
intervening numbers. Subjects responded to each number as "old" or "new" d
lndlcatlng whether or not they saw_the number before. Ss proceeded at;
their own speed (but were not allowed to look back on any'item), and B

the delay between presentation and test'of’each ltem‘was.operationally
defined in terms of the number of intervening items. The percentage of
correct responses dropped from 100% at.zero.delay to 56% after 60 inter—
vening presentations. But even after such lang delays correct recognltlon'tA
was well above false recognltlon (recognition errors). ThIS indicates |
a resistence of recognition memory to decay or interference. Similar'
results are reported by Shephard and Chang (1963). A sequence of 3—digit
numbers was presented; Two 3-digit numbers, one old and one new, were
paired on each of the recognltion-tests trials. Subjects were to indi-
iate which of the two numbers they saw before. The results show that

the number of correct choices decreased with increasing delay since the
earlier presentation of the old number, Similarity between the two
numoers of the test pairs impaired recognition score. This interference
effect was smaller than the corresponding decay effect. But the ac-
curacy of recognltion was wel | aboye chance-level even after 50 inter-

vening choices. This again suggests a persistence of recognition memory



aftér massive interference (Rl and Pl) and long delay. These results
pose a problem for'bo{h decay and interferenqé theories of short-term’
memory . .

‘Persistence of recognition memory is also réported by Schwartz
and Perkins (1966). They presented a sefies of twenty-five 3-digit
numbers or rénddm-combjnationS'of typewriter symbols (3 at a time) forx
‘recognitionitgst. Two 1tems;one new and one old, were presented in the
test sequence. Subjéctﬁvindicated the old item In each pair anq Studiédf E
the new item'for a subséquent test. While-recognitioﬁ‘was better”af ‘
shorter intervals, both numbers and symbols were recognized with abo?e-'
chance accuracy after as many as 50 fnfervéning responses, although
chance-accuracy on the symbols after a few intervening items was expectéd.
This persistence of recbgnition memory cannot bg'explained by either of |
the tﬁeories, decay or interference. But another experimentvof the
' series shows that introduction of two common elements in 50% of the'items"
(symbols) reduces recognition to a ch;nce-level. This supports.an inter=-
ference hypéthesis in short-term récognition memory. On the other hand,
common elements in a'fraction of the new items (less interference) facil=
itates recognition of‘thé old items. This is probably due to a sharp
contrast between the old and new items. Schwartz and Perkins conclude
that interference is the stronger factor than decay in short—term re-—
cognition memory as in short-term recall.

. However? the persistence of short-term recognition memory after
lonﬁ delay and considerable interference demonstrated by Shephard and

Teghtsoonian (1961), Shephard and Chang (1963), and Schwartz and Perkins
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(1966) is still a problem for both decay and interference theory of
short-term mémory. This has to be adequately explained before offering

a good thedry of memory, short- or long=term.

The Pre§ent Invéstigation

This investigation,Was designed to compare the decayland inter—;
ference processes in short-term recognition memory for vasually presented
stimuli. A decay situation was arranged by introducing a delay between
presentation and test without any interpolated task. The lnterference
condition used interpolated tasks of a s;mllar nature between presenta-
“tion and tesg. Dissimilar materlals were interpolated as a control for
- decay in order to prevent rehearsal during the intervening period between
presentation and test. | |

Seven experiments are reported. Presentation of the stimuli
was sequential in all the experiments. The recognition test in the fir#t
two experiments was a binafy4choice type: the corfect and incorrect alter-
‘natives being sequentiaily presented in a random order. A mulfiple—choicé
type of recognition test was used in Experiment 1. %hé correct and in-
correct alternatives were presented together in a randoﬁ arrangement .
Experiments 1V to Vll‘used a 3-alternative forced-choice test for each
stimulus item §equentially presented.

The experimental paradigm was to test 6 independent groups of
Subjects in each experiment {except Exps. VI and Vil). Group | was tested
'immediately after the presentation of the stimuli in ordef to assess the

extent of short-term recognitﬁon memory without any decay or interference



(decay resulting from the time taken by the presentation and test and

the intéritem interference were assumed to be cqmmnn inall cases). This
group also served as a control for both decay and'interference.'vGroup 2.
took the recognition test after an anilled de}ay interval following the
stfmulus presentation (a decay.situation with reheafsal aliowed). Groﬁp
3 was presented with a series df dissimilar items (apparently to be'tested)‘ ‘:f
in order to prevenf rehearsal during the intervening period between pre-. |
sentation and test. Thfs group also served as "d}ssimilarity control™

- for "sjmilarity}intérfefeﬁce" group (Group 4). Group 4 receivgd two
series of similar items but was tested for the first series-only. Ss

were given the'impression that all the materials would be tested. This
group was assumed to be the retroactive interference (RI') group. Group

5 was the opposite of Group 4: a proactive'interférence (P1) éituation;
recognition test was taken fﬁr the second series of items. Group 6 was
the "dissimilarity control"™ group fof Pl; the first series was the dis—
similar items, the second series being fhé test stimuli. It was hoped
that the relative importance of decay and interference processes as cause
of forgetting in short-term recognition memory could Ee determined by é
cros§-comparison df the performance of these different groups.

The different experiments varied the nature of the recognition-
test, the rate of presentatién, the duration of the délay interval, and
the amount of interpolated materials. The mean-recognition scores (coré
rected for guessing whereyer appropriate) were used as measures of short-

term retention in different conditions.
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THE EXPERIMENTS

Experiment |

This was an exploratbry experiment designed to deveiop a

‘technique to study the operation of.decay;and interference processes in

short—term'recognition memory.
Method

Subjects

Sixty paid subjects (27 male and 33 female) participatedvih

the experiment. They were divided into 6 groups of |0 Ss each. The Ss

.were college or high school students.bétween 16 and 22 years old.

Apparatus and Matefials

| Ten low-association value (0 to 20%) nonsense syllables (Hil-
gard, l951)vconstifUted the stimulus items. Another set of similar
(common initial letter) low-association value (O to 20%) nonsense syl-
lables was used as the interference items. Ten 3-digit numbers, selécted
from a tgble of random numbers, were the dissimilar rehearsal-preventing
items. Thirty new (0 toc 20%) nonsense syllables were randomly mixed up

with the stimulus and interference items to form a sequence of fifty



alternatives in the binary-choice recognition test. All items were |
'sequentially presented by a slide projector onto a whi te s;réen. Each

item occurred on a séparate slide.(blqck on white). The rate of pre-

'sentation was controlled by a Lafayette electronic timer cbnnected withf.“"

the projector. The distance between S and the.screen,wasfloufegf; vand ~

the projected size of the letters or digits was 2 |/2 X 21/2 inches.

éFocedure

The test consisted of two parts, a presentétion part and a
'recoghition part.. A]I Ss were individually teéted., They were told that’
the experiment was a fe&ognition-memory test.--Ss'Wére instructed to say
the letters or digits of the items in the presentation part. The recog~
nition part required them to respond f'yes" orl"no" to each of the alfék#
natives indicating whether they saw the item in the presentatibn series.
Subjects were instructed not to count the number of yeses or'ndes, and
nothing was said about guessing. As a result, the number of yeses or
noes for any subject was unrestricted (within the limit of fifty). E
recorded Sts responses‘on a sheet containing the a[ternatiVes arranged
in the same order. Any missed item was considered as an error. The
rate of presentation for all items was 3 seconds/item with an interval
of | second between items.

Six grbups of subjects received six different treatment con-
ditions as outlined below.

Group lf This gréup took the recognition test immediately

after the presentation of the stimuli. The termination of the stimuli
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‘was marked by-a blank flash on the screen. A question mark (?).appeared'_
on thé_scréen to signal fhe beginhihg of’the recognition test. . |

Group 2: The recognition test was taken éfter a delay of 40"‘
"~ seconds following thégbresgntatjon of the stimuli. The projector‘was
turned off during the délay'fnterval and Ss rgsted.v There was no spé—.
cific instruction ébout‘the‘rgst interval.. S;s Eéhearsél‘Was,thereforg_'”
uncontrolied. After ihe'delay,‘S.was given a ready signal éndvthe‘pro-
jector was turned on. The teSt.sjgnal‘(?) appeared and the recogn}tion
test followed in the same way. |

Group 3:. Two seqhences of stimuli were presenfed;_ the ﬁon-
sense syllébles were followed by a number'series.b The two seriés‘wefe
;epafated by a blank flash on the screen. Ss were told tﬁat either the
‘nonsense syl lables or the numbers would be tested, depending on Whether
they saw the symbol 2L or 2D before the recognition test. _Thé test was
of course always on the nonsensgvsyllable series.

Group 4: Two series of similar nonsense syliables were presented
with the instruction that eithér first or second series would be tested,
_ depending on whether the tést'symbpl ?1 of 21 éppeared. The test‘was
alwayé on the first series. |

The duration of the interpolated task in both Group 3 and Group
4 was 4orseconds.

Group 5: fhis group was just the opposite of Gfoup 4. Subjects.
received the same instruction as in Group 4, bdt'the test stimuli occurred

in the second series; and the second series was always tested.

ALY

Groqp 6: The number series was presented first followed by
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 the nonsense syllable series. Ss were told that either of the series

would be tested; but fhe test was always on the second series (non-

sense syl lables).

Reéults'
The number correct (but of ten) was taken to be-fhé re;ognition
score. Since the "yes~no" choice was.out‘of‘so alterna{ives, individualﬁ"
differences in recognition—error was quife Jérgé. 'The‘follonﬁg formula
was derived for the correction for gUessing in the reéognition scorés.

Assume that S actually recognizes x ltems ‘and randomly
guesses another y items. ‘ _ u

He guesses then from a pool of 50 - x

Expected number of correct guesses = éQ_:_i_ .y

0-x
. Expected number of incorrect guesses = 5040 y
. ——l . _— ,

. X' ég—:—ﬁ « ¥ =R (number right)
- X
. gaﬁg_; . y = W (number wrong)

Soiving for x:

“x.,.lO—XxSO—X.w:R

50 - X 40
Soox+10-x yag
40
S x-Wx=R_-W
40 4
S x=4R-W y 40
4 40 - W
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or x = 40R — |OW (formuia used)
40 - W o :
The mean and standard deviation of the corrected scares for
the different groups are presented in Table | (a). A one-way-ahalysis
of variance was carried out on the corrected scores. The F ratio (7.05;

df: 5, 54) is highly significant (p<.001). A summary of the analysis

| of variance appears in Table A of the Appendix} Following thevanélysiva_

of vaEiance,-Duncan's New Multiple Range Test (Edwards, 1960) was used

for individual comparison of the group-means. Table I (b) summafi;gs

the comparison. The comparison shows that performance in the similarity

Pl groﬁp (Group 5) is significantly poorer than ali other groups, except
similarity Rl (Broup 4). Recognition in the similarity Ri .group (Group 4)
is significantly poorer than its "dissimilarity control™ gr&up (Group 3)
and the delay group (Group 2). The difference between the dissimilarity‘ '
Pl group (Group &) and the delay group (Group 2} also turns out to be
significant. This shows a Pl effect even with dissimilar items. The
difference between the immediate-test and delayed-test grnpps was not
significant; nor was the deiayed (rehearsal ailowed) group significaﬁtly
different froﬁ the dissimilar interpolation (rehearsalvprevented) group.
This in@icates that neither decay nor rehears%l seéms to have any signif-
icant effect oﬁ short-term recognition memory. Only the similarity-inter—

ference (retrqactive and proactive) factor seems to significantly decrease

STRM.

As the items of the ihterference.series were included among the

recognition alternatives, a discrimination of the |ist-membership of each



- Table | (a)

Group Means and Standard Deviations of the,Recognition

Scores (Corrected for Guessing): Experiment |

Group‘
Immediate
Delay
Dissimilar RI
Similar Rl .
Simitar Pl

Dissimilar Pl

Mean

- 6.26
7 10
7.72
4.82
3.I0‘,

5.56

- Standard Deviation

2.21
1.89

2.06
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Table ‘I (b)

Multiple Comparison of Group Means by Duncan's

- New Multiple Range Test: -Experim‘ent‘lvl

Grap I 2 3 4 5 &
Immediate N |
Del ay . p<.05 -
Dissimilar Rl -p<.05
Similar RI o p<__.057 p<.0l
Similar Pl p<.0l p<.0l p<.0l p<.05

Dissimilar Pl
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Table | (c)

Mean Errors of Recognition from the Interference and New

items of the Rétognition Alternatives: Ekperiment |-

Group . lInterference ltéms -..‘-New ltéms
l: Immediate - 6.30 - - 6.30
2: lDelay l 3.30 | -  3.80
3: Dissimilar RI 5.70 . 6.10
4: Simitar Rl . 11.10 - 5.50
5: SimiAlar Pl | 11.10 o - 6,10
6: Dissimilar PI.  .5.70 . 5.90
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item was required for its correct recognition. An analysis of the
recognition errors- was therefore carried out in order to determine

whether the interference items were more frequently_chosen‘than the new

.items. The meéan number of items chosen from the interference and new

se;ies by differenf»groups is presenfed-in Table | (c). As the numbek
of new items among the recognltlon alternataves was three times. larger
than the xnterference |tems, the error-~scores from the interference ttems

were multuplned by-three to equate the probabilyty of choice of items

" from both categories (interference and new) of incorrect alternatives.

A two-way analysis of variance for repeated measureg (interference items
and new items) was carried out on the errof-scores. The main effect as
well as the interaction between the groups and repeated measures (inter-
ference items and new items) is highly significant (p<.00!). "A summary

of the analysis of vériance appears 'in Tabie B of the Appendix. Following
the analysi; of variance, the t—test was applied for the individual com-
parison of the repeated measures in each Qroup. The difference between

the interference and new items chosen was highly significant (p<.0l)

.the two similarity—interference groups (Groups 4 and 5). The difference

between the interference and new items in all other groups was insignificant.

-Discussion

The results do not show any decay effect of the delay interval

used. The recognition performance in the deléyed—test group is better

than in the immediate-test group.' This might have been due to a rehearsal

factor counteracting the décéy effect. But the recognition score for the



rehearsal—preeented grouh (dissimiiar interpoliation) tﬁrhé out to be
still higher. Although the difference is not significant, this does not
support the rehearsal-strategy hypoeﬁesis, The better performance in
the delayed-test groups (blank or dissinﬂlar-interpaia{{on) is perhaps
due to consolidation bperating during the delay;intefval while no similarv'

interfering-material is presented. This consolidation factorAeounteracfs

‘both” decay by the delay interval and interference by the'diséimilar

materials.

The reeelts, howeve}, show a significant interference effect -
by similar materials (retroactive and proactive). Grndps,4 and 5 (sihiiar_‘\
ieterference, Rl and‘Pl) yielded the lowest scores. But proactive.infer;‘
ference seems to be stronger than retroactive. The éimilarity'Pl group
-yielded consistently poorer recognition scores than all other groups.

The Rl effect is not consistent: the similarity Rl group (Group 4) is |
not signifieently different from othe} non-interference groups except

its dissimilarity control (Group 3). This inconsistency in the Rl effect
might have been due to associational factors resuiting from the loﬁg
exposure duration per item (3 seconds/item) used in th{s experimeht.

On the other hand, the Pl effect even with dissimilar materials is‘

significant. Performance in the dissimilar Pl group (Group 6) is signi-’

- ficantly poorer than all other non-interference groups except Group |

(immediate).
The immediate-test group, for some reason, has a very low per-
formance score. This is perhaps because of the absence of consolidation

in this group. In the three test-conditions which prevent consolidation
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(Groups |, 5 and 6), performance is poor, the S|mxlar Pl group being the -
poorest of all.. Among the three ‘groups permlttlng consolldatlon (Groups

2, 3 and 4), the similar RI group (Group 4) has the lowest score.i,The

. paoorest performance in the similar Rl group is due to simllarlty—lnterference

counter-acting consolldatlon. But poorer performance in Group 2 (delayed-
test, rehearsal allowed) than in Group 3 (dlssnmllar lnterpolatlon,.“'

rehearsal prevented) cannot be explained by the. consolldatlon hypothesns._-'

1t indicates that rehearsal impairs STRM rather than facllltatung it.

Thus in Group 2 rehearsal counteracts consolldatlon, and performance .s 'j
poor. The dissimilar Rl group (Group 3) has the most unlnterrupted con—v'
solidation as neither rehearsal not snmllarnty—nnterference is counter-
acting it. Consequentiy, this group yields the highest recognltnon score.
| The poor performance in the. two similarity-interference groups
(Rl and P1) supports the interference hypothesis in:STRM; and the results :
'are consistent with STM findings using recall.

On the othew hand, the. analysis of errors shows that interference
items were significantly (p<.00!) more ofcen chosen than new items by the
groups exposed to the interference items (similarity Rl and P1), while
other grmuips not exposed to the‘interference items chose both the interference
nad new items on a chance level. This means that recognition as such,
was not affected by the similarity-interference; instead, the discrimination
of- list-membership of the recognized items was impaired. The appearance
.of the interference items among the recognition alternatives requires a
discrimination of the |ist-membership of each inoivioual jtem in addition

to judging its familiarity (recognition in the absolute sense). Thus the



inferference effect measured by the number.of items correctly recognized
appears tc be an artifact of the recognition test used. Similarity inter- -
.fecence may not decrease recognition performance in its absolute sense.

This impairment of the discrimination of Iast-membershlp is similar to
interlist lntru510nsrobserved in short-term recal studles.

But how much of the interference effect showed by the recogni-
tion scores could be explalned away as .an artnfact could not be determlned
from the results. A simpler recognition task wnthout discrimination of
llst-membershlp is necessary 1o determane the extent of nnterference effect
produced by similar interference items |n STRM and th|§ was provided

in later experiments (Experiments 1V to VII).



=50

Experiment 11

Expernment i was mannly exploratory; and the exposure duration
per |tem was perhaps too long for a short-term memory test. The decay ‘
effect (with or without rehearsal) was not sugnlflcant. The iﬁterférente
 effect, however, was significant, but the trend was not cohsistent enough.
to warrant any conclusion. Besides,'long-term memory components were
found to be promlnent as Ss |nd|cated that they were formlng aSSOC|at|ons
for the items. Accordlngly, Experlment I was repllcatad as Experument i

with a faster rate of presentation.

Method

Sub jects

- Another six. groups of 10 Ss each were drawn from the same source

(23 male and 37 female).

- .Apparatus and Materials

The apparatus and materials used were the same as in Experiment 1.

Procedure | : _ A
The same procedure was followed as in Experiment | except that
the rate of presentation was | second/item; and the delay interval as

well as the durétion of the interpolated task was 20 seconds.
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Results
The same formula was used for the guessing correction of the

recognition scores as in Experiment |. The mean number correct and the

standard deviation of the recognition scores (corrected for guessing) for

different groups are presented in Table 11 (a). Examination of Table Il (a)

shows that Groups 4 and 5 (similar Rl and Pl) have the lowest recognition

- scores. Al{ other groups look more or less alike in their mean recognition

scores. A one-way analysis of'vafiance was carried out on the corrected ‘
scores. The F ratio (F= 9.35; df =5, 54) is highly-skgnificant (p<.00!). "
A summary of the analysis of variance appears ih Table C of the Appendix.
Duncan's New Muitiple Range Test for the comparison of means following

thé analysis of variance shows thaf Groups 4 and 5 (simiiari%y Rl and PI)

are significantly poorer (p<.0l) than all other groups. - There is no

" significant difference between the similarity RI and Pl groups (Groups 4

and 5), however; although the recognition scores in the simi[arity RI
g?uup is slightly higher than in the similarity Pl group.‘ No other groups
are.signiffcantly different from one anotﬁer. The comparison of_different
groups appears in Table It (b).

While the results apparently indicate a significant interference
effect (Rl and Pl) by the similar materials, analysis of the recognition
errors reveals a different picture. Table It (c) shows the mean error-

scores from the interference and new items. As the number of new items

among the recognition aiternatives was three times larger than the inter-

feremce items, the error-scores from the interference items were multiplied

by three to equate the probébility of choice of items from both categories



‘Table.l] (a)

Group Means and Standard Deviations of the Recognition

Scores (Corrected for Guessing): Experiment |1

Group
Immediate

Delay

Dissimilar RI

Similar Rl
Similar Pl

Dissimilar Pl

Mean
6.65

5.88

6.68

2.8l

- 2.58

6.28

- Standard Deviation
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Table 1| (b)

‘Multiple Comparisoh of Group Means‘by Duncan's New

Multipie Range Test: Experiment |1

Group - 1 2. 3 s s 6
Immediate | | )
Delay
Dissimilar R '

Similar RI p<;Ol p<.0l - p<;0l ' p<.0l
Similar Pl p<.0l p<.0l p<.01 - p<.Ol’

Dissimilar Pl
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Tablé,ll,(c)

Mean Errors of Recognition from the Interference and New

ltems of the Recognition‘Alternat}ves: Experiment Il

Group _ Interference ltems "New [tems 
I:‘ Immediate | o .1‘4,50" ;-, _ . 5.20
2: Delay ;j.h‘5.7o‘ o ' 5 .60
3: Dissimilar RI 7.80 . 6.20
4: Similar RI ‘ 10.50 v .,: 5.30
5: Similar Pl T 12.60  6.00

6: Dissimilar Pl 7.20 " 5.40
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(interference and new) of incorrect altefnatives. A two-way ahalysi;l
~of variance for repeated measﬁres was ;arried’ouf on the error-=scores
to determine whether the interference items Were significahtly more
often chosen than the new items. The summary of‘the analysis of |
~variance is presented in fable D‘of the ‘Appendix. The main effecf as
Well as the interactioh between groubs and,repeated Mmeasures (intérgﬁ

ference items and new items) was'hfghfy‘significant (p<.00l). “The

t=test following the analysis of variance shows that the two similarity- R

interference groups (Groups 4 and 5) chose the interference items

| (among the errors).significéntly mofé often than the other groups
(p<.001).  The choice frbm either categories of incorrect alternatives
(interference items and new‘items) in all other groups was on a chance

_level. The analysns of errors raises doubt about the interference
interpretation of the results, and suggests that much of the interference
effect could probably be attributed tq the discrimination of 1ist— member-
ship of items rather than to the decreasing function of thé similarity-A

interference (Rl and PI) effect.
Discussion’

As in Experiment |, the results do not show any decay effect
by the delay interval used. Only the interference effect due to the
presentation of similar materials (Rl and Pl) seems to produce significant
'decrement in the recognitiod.scores. Bbth similarity Rl and Pl consist— -

ently show up in the results. Although there is no significant difference
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between the two similarity~interference groups, Pl effect seems to be

stronger than Rl as in EXperiment . The STRM Idss.in the.similarity

Pl group isvgreater than in the similarity Rl group. This dffferende
might have been due to lack of con%obidatibn in the Pl group, whilef'.
éonsolidation facilitates performance iﬁ the RI group. But the con=-
éolidation hypothesis as such does not seem to be tenable as there is
little difference between the non—-interference groups enquing,copsoli-:-
dation (Groups 2 and 3) and the ones lacking consolidation (Groups | énd
6).

The pﬁorer performaﬁce in Group 2 (delayed-test, rehearsal
al!owed) than in Group | (immediate-test)-—although the difference is
not significant—-might indicate a decay effect of the delay interval in
spite of rehearsal counteracting decay; and this suggests,that.if réhearr
sal were prevented, the decay effect would-probably bé gignificénf. But
the better performance by Group 3 which prevents rehearsal by interpola-
ting dissimilar materials rules out the decay suggestion. The poorer
per formance by Group 2 (deléyed—test, rehearsal allowed) than by Group 3
(dissimilar interpolation, rehearsal prgvented) indicates, as in Expgri-
ment |, that rehearsal probably impairs rather than faéilitates short=term
recognition memory.

While the recognition scores show a significant similarity-inter-

ference effect (RI and Pl), the analysis of recognition errors suggests

that the abparent decreasing function of both Rl and Pl by similarity
might be an artifact of the recognition test. As in Experiment |, the

discrimination of !ist-membership rather than absolute recognition seems
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to be impaired by similarity—-interference. Thus, while both similarity

Ri and Pl effect became.consisteht after‘elimination of the associational
factors by using faster rate of presentation (1 sec./item), the S|milar-
nty—lnterference interpretation does not seem convnncung because the groups
exposed to interference chose the interference items (among the errors)
significantly more often than new items, but the error-scores from both
categories of incofrect alternatives (interference an& new items) in all
other grﬁups not exposed to interference remained at a chance level. This :
- shows, és in Experiment |, that much of the similarity Rl and Pl effect
obtained could be attributed‘to impairment of the discrimination of list=-
memﬁership rather than loss of absolute recognition. Although it could
not. be determined from the results that how far of the similarity—-inter-.
ference effect is atfribptable to the discrimination of Iist—membékship,.

the results seem to question both the decay and interference theory of

short=term memory so far as short-term recognition memory is concerned.
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Experiment I}

The number of recognition responses was unrestricted ahe"
guessfng was. high in the first two experiments. The variance waé'qUite l
large as é reéult. The task was difficult because Ss had to decfdee
first whether {hey had seen a partieular alternative before,‘and‘then,
in the similar interference condition, whether the syllable had been
seen in the test or in the interference list. Thus gueséjng probability
was high, end consequently, }ecognitinn-error was_large. Experiment 111 ;
wée designed. to use_avmultiple—choise_recognitiqn test with all the.alter-“.
natives presented together. Guessing woultd be reduced because}{he maxi=—

mus number of choices was limited by the numpervofxcorkect responses.
Method

Subjects

The subjects were 71 males and 49 females (between 17 and 20
years old) yolunteering froh an introductofy psychology course. They
were divided into 6 groups of 20 sé each. '
Apparatus and Materials

The apparatus and materials used were the same as in Experiments
| and 1!, but all the'alternatives of the recognition test were arranged
together in a random order on a singie slide. The distance 2etween S and
‘the screen was 15 feet; and the projected size of {he letters or digits

was 3/4 x 3/4 in. ' .
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Procedure

The procedure was same as in Experiment |1 except in the recog-
nition-test part. The correct and incorrect alternatives appeéred together .
for comparison in thg recognition test. Ss were required'to idehtifyfthe',-
"cérréct" items from the |ist and write them down in any_order.' They were

instructed to write down as many items as’ they could'recognizg (no{ exf;

ceeding ten) within a 2-minutes? time limit.

Results-

As the number of recognition responSes for different subjects
was still unequal, the same formula was used for guessing correction as

in Experiments | and Il. The mean and standard deviation of the correc-

| ted scores for éll the groups are presented in Table |11 (a). An analy-

sis of variance (one-way cIassificat(on)_was carried out on the recogni-
tion scores. The F ratio (F = 6.99; df ='5, 114) is highly significant
(p<.001). A summary of the analysis of variance appears in Table E of
the Appendix. Following the analysis of vériance, Duncan's New Multiple
Range Test was used for individual comparison of the dffferent groups.
The ﬁultiple comparison of the group means appears in Table 111 (b).
éoth the similarity-interferénce groups (Rl and P1) are significantly
poorer in recoghition performance than all other groups (p<.0l). The

di fference between all other groups is insignificant. There is of

‘course no significant difference between the two similarity—interference

groups (Rl and Pl), althohgh-the similarity P! group (Group 5) has slightly
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Table Iil (a)

Group Means and Standard Deviations of the Recognition

Scores (Corrected for Guessing): Experiment |11

Group . Mean - Standafd Deviation
Immediate 3.96 . 2.34
Delay . 4.6l | .56
Dissimilar RI = 3.89 .l
Similar R 202 1.80
Similar Pi | 2.10 . 1.59

Dissimilar Pl 4.39 2.11



"Group I 2 '_' 3
It Immediate | N
2; Delay
3: Dissimilar RI
4: Similar Rl p<.0l. p<.0l p<.0l
5: Similar Pl .p<.0l .p<.0l p<.0l .
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Tabie 11 (b)

Muitiple Comparison of Group Means by Duncan's New )

Multiple Range Test:“_Experiment i

Dissimilar Pli

p<.0l

p<.0l
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Table‘[jl (c)

Mean Errors of Recognition from the Interference and New

Items of the Recognition Aliernat}ves:‘ Experiment [11

Group | Interference ltems. “New |tems
l: Immediate 3.5 © 3.50
2: Delay o .95 2.45
3: Dissimilar RI; S 4,20 ' 2.00
4: Similar Rl . . 6.75 ) _,' 3.05
5: Similar Pl - T7.20 “ 3.30

6: Dissimilar PI 4.05 .~ 2.65
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‘higher score than similarity Rl group (Group 4). Unlike the previoqﬁ two
experiments, the delayed-test group (Group 2) has {he highest, and the
dissimilar Pl group (Group 6)‘the next highest scores; Among the non-
interference groups, the immediate-test group (Group 1) is the poorest
yin pefformance. | .

Since the interference items were also included among thg'recog-A
ni{ion alternatives, an analysis of thé fecognition—errors was made to
determine whether the interference items. were more often chosen (among
the errors) than new items by the interference groups than by the non-
interference groups. The mean error-scores from both categories of in-
correct alfernatives.(interference items and new items) are presented in

Table 111 {c). As the number of new items among the recognition alterna-
tives was three times larger than the interference items, the error-scores
from the .interference items were'multiplied by three to equate the pro-

~ bability of choice of items from both categories (interference and new)
of incorrect alternatives. A two-way analysis of variance for repeated
measures (interference items and new items) was carried out on the error-
scores. Both the main effect and the interaction between the treatment
groups aﬁd repeated measures are highly significant (p<.00|). A summary
of the analysis of variance is presented in Tabie F ofrthe AppendiXx.

The t~test followiné the analysfs of variance shows that the two similar-
ity-interference groups {Groups 4 and 5) chose the interference items
(among the errors) significantly (p<.00|) more often than the new items.

The non=interference groups, except Grﬁup 3 (dfssimiIar-interpolatian),

chose items from both categories (interference and new) on a chance level.
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The dissimilar interpolation group (Group 3), however, chose the inter-

ference items significahtly (p<.01) more often than new items."
Discussion
The results do not show any.detay effect of the delay interval

on short=term recognition memory. The similarity-interférence effect

(Rl and P1), on the other hand, is highly significant as the performance

. in both similarity RI (Groub 4) and similarity Pl (Group 5) groups is

significantly poorer than'a§I other groups (inciuding their respective
"dissimilarity-controls"). This suggést§ that interfékence may play a
significant role in STRM, while decay does not.

But the similarity-interference interpretation is questioned
by the anaiysis of the'recognifidn.errors as in Experiments | and fl.
The groups exposed %o similarity—interference chose the interference
items among the earrors significantly (p<.001) more often than the new
items, while the non—~interference groups chose items from both catego-
ries (interference and new) on a chance levei. This shows that discri-

mination of |ist-~membership of the recognized items, as required by the

- presence of both stimulus and interference items among the recognition

ailternatives, was impaired by the similarity-interférence rather than
absoclute recognition being affected. But this impairment of the dis-

crimination of |ist-membership, in spite of all the items being availa-

.ble for comparison at the same time, could perhaps be interpreted as a

similarity-interférence effect, and the results would support the inter—
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ference theory of short-—term memory in that sense.

Grbup 3 (dissimilar interpolation) also.chose the interference
items among the errors significantly (p<.0l) more often than new items.
As this group was not exposed to the interference items, fhe preférence
for interfereﬁce items to new items cannot be‘explained.by the discrimi=
nation-of-list-membgrship hypothesis. -Tﬁe only explanation that could
be offered for the greater frequency of interference items (among errors)
tﬁan new items in this group is the gfeater similarity of the interfer—
ence items to the stimulus items. .But this explanation even does not
‘seem convincing because no other non-interferénce group shows this tend-
ency. The'explanation fs rather annown and further investigation'is
necessary tp pkovide the explanation.

Unlike the previous two experiménts, réhearsal seems to facil=-
itate performance as_the reéognition score in Group 2 (delayed-test,
rehearsal allowed) is higher than any other group, though the difference
is significant only in case of the two similarity-interference groﬁps
(Groups 4 and 5). Performance becomes poorer when rehearsal is con-
trolled by interpolating dissimilar materiais-(Group'B), although the
difference is not significant. This tendency of reheafsal to facilitate
performance, while consistent with STM Eesults using recall, seems to
rule out the suggestion made by the first two experiments that rehearsal
might impair rather than facilitate STRM. Those conflicting results
about the effect of rehearsal! on short-term recogn(tion memory might have
‘been due to the difference in the recognition procedure Qsed in this ex—

periment.
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Another insignificant but’interesting difference is between
Graup | (immediate-test) and GEoup 6 (dissimilar Pl). The recognition
test in both the groups is taken immediately after the presentation of
the stimulus items. In spite of the dissimilarityéinterference of the

proactivély presented numbers, the perfnrmahce in Group 6 is higher than

“in Group | (immediate-test) which has no interference whatsoever (RI or

Pl). This difference might have been due to a contrast effect between:

the numbers and»nohsense sYIlables, or due to a 'novelty reaction' to

the nonsense syliables aftér receiving the numbers. On this assumption,
however, a similar facilitating effect would be expected in Group 3
(dissimilar—interpoiation) even after eliminating the facilitating effect
of rehearsal, and in the corresponding conditions of the previous two “
experiments. This is hot the case; and the "contrast-effect™ or "noveltye'
reaction hypothesis, pecuiiar to this experiment, would seem convincing

if it is assumed that numbers and nonsense syllables have differential
faci]itating effect on each other due to contrast effect or novelty
reaction.

The consolidation‘effect does not show up in the results as there
is little difference between the non-interference grouﬁs enjoying con-
solidation (Groups 2 and 3) and the ones lacking consolidation (Groups I.
and 6) when the facilitating effect of rehearsal and"navelty reaction"

is eliminated.
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Experiment |V

In experiment 111, there were too many alternatives to be
compared within the available time; and subjectsvcould not be forced
to make equal numbers of resp&nses. Besides, the test-time (2 minutes)
was too long for a short—term memory test. The ﬁetween-item interval
(1 second) favdring inter=item rehearsal in the first three e#perimenté o
could not be reduced because of limitations of the equipment used. In
order tp’nvercomé all these difficulties, Experiment |V used different
equiﬁment to provide a forced=choice récognition task. The test-~time
as well as the inter-item interval was reduced considerably. |
Because the similér-interference items were included amohg
the incorrect alternatives in the first three experiments, a discrimin-
ation of list-membership was required for cprrect»identification of

an item. The analyses of the recognition—-errors made in the first three

" experiments show that the interference items were more often chosen

(among the errors) than new items. |In order to eliminate this additional
factor in the recognifion process, Ekperiment 1V used oniy new items

(not previously exposed) as the incorrect alternatives in the recognition

test.

Method

Subjects

The subjects were 120 college or high school students (71 male
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and 49 female) between 16 and 25 years old. They were divided into

| 6 equal droups of 20 Ss each. All Ss were paid for their participation;‘

Apparatus énd Materials

| The stimulus items were'tﬁe same ten nonéénse syllables used‘k '
in the firét.three experiments. Thevintgrpolatéd~numbers also were
- the same as before; A new set of O to 47% association=-value nbnsenée_
1_syllabies (Hi!garﬁ, 1951) more similar to the stimulus items (the initial 
and last detters are common with that in the cur?esponding stimulus
ftem) Was'used as the interference materials.l The recoénition test
‘consiéted of presenting three alfernatives fdr each'stimufus item.
One'of the alternatives was the correct item, the other two being similar
(0 to 47%, terminal letters common) new items (not exposed before).
Each set of the three alternatives appeared in a verticaf column; and
the position (top, bottom, or middle) of the correct item in the set
varied in a random order. Six different films were prepared as the
stimuli. Each film contained the entirevsequence of items (stimuli,
interpolated items if any, and the recognition altérnatives) appropriate
for the experimental group used. The films were brojected on the
" screen by a filmstrip projector controlléd'byva timer. S's responses
were recorded by a tape recorder. S sat at a distance of 10 feet from
the screen; and the projected size of the letters or digits was 3 X 3

inches.
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': Procedure »
| All subjects were individual!y tested. Each S participated
in ohe condition only. S was given the appropria{e instructions for

the condition being tested. Then E startedith@ séquencg. The stimulus
Aand the interpolated items were not separatéd by any signal. Ss were
told that-all the items would be tested. The recognition test was'sig—
nalled by a questioﬁ mark (?). éubject was required to pronoynce the
noﬁsense éyllables and call out the numberslin the presentétion part
(stimulus and interpolated items). The Eecognition part required S

to indicate the position (top, or middie, or bottom) of the "correct""
item on each set of the three alternatives.. The items of the stimdlas. )
as well as of the interpolated'ﬁeries were pfesented'in a random order.
‘The test series of set of alternatives appeared in the same order.as

the stimulds series. The presentation raies were .75 second/item for
the stimulus serieé, 1.5 seconds/itemffor the interpolated serieé, and

3 seconds/set for the recognition series of set of aiternatives. Tﬁe
ipter~item fnterval'was .05 second. In the proactive situation, the
rate for interpolated items was used for the proactively presented items.
The subjects were -asked to make a recognition choice for each of the
items tested ("forced-choice™); and the number of recognition-responses
for each S was accordingly uniform. Ss were instructed to guess if {hey
were not sure.

Six groups of Ss were tested according to the experimental

paradigm used before except that Group 2 (delayed-test, rehearsal allowedj

looked at blank flashes on the screen during the delay interval. The
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duration of the delay interval as well as the interpolated task was
I5 seconds. Group 3 (numbers interpolated) and Group 6 (numbers.pfo—

actively presented) were told that the test would be on both numbers

and nonsense syllables; eitherAthe syl lable- or the number-set would

come first in th? recognition test. The test was always on the non-
sense syllables as before. Beside tape-recordjng Sts VOice, E recorded

S's recognition responses on a prepared data sheef,

Results

The number of items correctly recognized by each subject was

taken as the recognition score for that particulak supjec{.‘ There was
no hecessity for guessing correction as the number of recognition—

responses was equal for all subjects ("forced-choice"). The mean and

"standard deviation of the recognition scores for all the groups are

presented in Table IV. The anélysis'of variance,(one-way classification)
did not yield a significant F ratio (F =2.0l; df =5, 114). A sum=
mary of the analysis of variance appears in Table.G of the Appendix.

The performance in Group 5 (similar Pl), however, is poorer
than any other group. All other groups lﬁok more or fess alike; Group
2 (delayed~test, rehearsal allowed) and Group 3(dissimilar Rl)‘are -

slightly poorer than qther groups.

Discussion
The results do not show any decay effect (rehearsal allowed

or prevented); nor there is a significant interference effect with
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Group Means and Standard Deviatith‘of the

'Recognition Scores: Experiment IV

Group
Immediate
Delay
Dissimilar RI
Similar RI
Similar Pl

Dissimilar Pl

\

. Mean

7.05
6.85
6.90
7.05
5.90

7.00

-Standard Deviation

| 47
| .45

1.73
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similar or dissimilar materials. But the poorer performance in similar
P! group (Group 5) suggésts tﬁat proactive interference by similarity
‘may be a cause of forgetting in short-term recognifion memory, while
~decay or sfmilarity Rl are not. This tendency’WaS‘also noticed in
Experiment | and 1l. 1t may be assumed>here that the‘similarity Pl
éffect would probably be significant if the amount of interference fs
increased. This proﬁability is investigated in the next experiment”
(Experiment V).

The poorer performance in the similarity Pl group (Group 5)
ﬁight have been due to a "primacy" factor facilitating the recognition
of the earlier over the later items. The traces for the first series
of items are perhaps more strongly formed and interfere with. the trace~
formation for the items of the second series. Consequently, the per-
fofmance dh the second series is expected'to be poorer than on the
first series. Thus the poorer performance in the similarity Pl group
(Group 5) which takes the test on the second series of items as well
as the better performance in the similarity Rl group (Group 4) which
takes the test on the first seriéé becomes quite convincing on the
primacy assumption. But on this assumption a poorer performance would
be expected in Group 6 (dissimilarity Pl) which alsc takes the test
on the second series. In éroup 6, perhaps the "contrast-effect™ or
"novelfy-reaction" factor, assumed earlier, compensates the.primacy
effect, and the performance is consequently better.

Curiously gnough, the recognition score in the similarity

Rl group (Group 4) is the hfghest among the delayed-test groups (Groups
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2, .3 and 4). The Ri similarity effect seems to rather facilitate
short-term recognutlon performance than hinder it. Performance in
Group 2 (delayed-test, rehearsal allowed) and Group 3 (delayed-test, :
dissimilar interpolation) is poorer than all other groups except
| similarity Pl (Group 5). This indicates that rehearsal ‘might impair
l'rather than facilitate STRM as was suggested by the first two experlments.
Thus performance improves as rehearsal is controlled more effectively. B
Accordingly, performance is the highest in the similarity Rl group
(Group 4) which contnols rehearsal most‘effectively, and fowest in
Group 2 which does not control rehearsal at all. The dissimilar RI
group (Group 3) being the mid-way in controiling rehearsal, comes in-
between the reheafsal-allowed (Group 2) and rehearsai-prevented.(GroupJ
4) groups among the three delayed-test groups. ‘ |
| | The analysis of recognition errnrs in the first three experiments
‘suggested that there may not be any similarity-interference effect in
STRM. The results of this experiment seam to confirm that suggestion
"and indicate that STRM is rather resistant to both decay and interference.
Rehearsal does not facilitate STRM, rather it seems to impair it to some
extent. The results, however, suggest two probabilities to be explored
in order to determine the extéent of perststence of STRM against inter-
ference or decay. First, the interference effect in this experiment
might not have been intense enough to_produce any significant decrement
in STRM; if the amount of interference is increased considerably, there
mtght be a'significant interference effect due to similarity. Second,

the delay interval might not have been long enough to produce'any SIg—
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nificant decrement in STRM; there might be a significant decay effect
of the delay interval if the duration of the delay is increased consid=
erabiy. These prbbabilities are explored in the next two experiments

(Experiment V and Vi),




Experiment V

éxperimenf,lv'did not show any decéy effect of the delay
interval; nor did it show any interfe(encg effect due to the interpolated
materials (§ihilar or dissimilar). Two altérhative hypothésés wefe post-“
ulated to explain {heJresultS. First, perhaps {he ihferference was |
not intense enough to produce any,signrficant decrement in the recog-, 
nition score. Second, the‘delay interval was probably not Iong.enough
to produce ahy decay effect. Besides, short-term recognition memor)
might be resistant to both decay and interference even after long_'
delay and considerable interference, as was suggested. by the results
of Schwarts and Perkins (1966), Shephafd and Chang (1963), and Shephard
“and Teghtsoonian (1961).

Experiments V and Vi tested these two altérnative hypotheses.
Experiment V tested the first hypothesig (interferénce) by increasing
the number of interfgrence items keeping the delay interval (and the
total duration of interference 3tems)con§tant. The purpose was to
determine whether interference affects shﬁrt-term recognition memory

at all when the amount of interference is increased to a great extent.
Method

Subjects
There were 5 groups of 20 Ss each participating in this

experiment. The Ss (61 male and 39 female between 16 and 25 years old)
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were either college students volunteering from anfintroductory psychology

course, or paid high school students.

Apparatus and Materiais

The stimulus materials (test items) were the same as in:¥he
prgvious experiments. Thirty interpolated numbers {including the |
previous ten) were used as }ehearsal-preventing and dissfmirarity-_
control materials; and thirty similar (0 to 47%, terminal or two adja-
cent letters common) nonsense syllables (Hilgard, 1951) including the
previous ten, were used as the_ interference mater{als,"Everything‘else

was the same as in Experiment Vi

Procedure
The procedure was the same as in Experiment IV except that
the rate of presentation for the interpolated materials (numbers and

nonsense syllables) was .5 second/item.

Resul ts
Table V (a) shows the means and standérd dev}ations of the
‘recognition scores for different groups. The analysis of variaﬁce'
(one-way classification) yields a significant (p<.05) F ratio (F = 2.99;
df =5, 114). A summary of the analysis of variance appears in Table H
of the Appendix. Following the analysis pf variance, Duncan's New
Multipie Range Test was carried out.to determine the extent of dif-

ference between the groups.” The comparison between the groups is pre-
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Table V (a)

Group Means and Standard Deviations of

the Recognition Scores:  Experiment V

Group Co R Mean Standard Deviation
1: Immediate _ 7.05* 3 | .24%
2: Delay ‘ 6.5+ .20
3: Dissimiiar RI 7.10 1.79
4: Similar RI 6.80 (.8l
5: Similar PI 5.50 1.83
6: Dissimilar Pl 6.90 ) 0.30

* Data from Experiment IV
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Table V (b)

Multiple Comparison of Group Means by Duncan's New

Multiple Range Test: Experiment V

Group I 2 - 3 4 - 5 6

i: Immediate

2: Delay
.3t Dissimilar Rl
. 4: Similar Rl
5: Similar Pl p<.05 p<.os p<.05 p<l05 p<.05

6: Dissimilar P|
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sented in Table V (b). Group 5 (similarfty Pl).is significantly (p<.05)
poorer than'any other group (including the sjm{larity R! group: Group 4).‘f

l No other group is significaqtly différent from any other. Jt.is iﬁter- |
‘esting to hbte that the difference between Group 4 (similarfty'ﬁl) and
Group 5 (sjmilarity Pl) betomes.signjficént iﬁ contrast to all the
previous experiments;. But the score in the similarity'Rl.gEouﬁ (Group ,1"'
4) is the next lowest. Group 3 (dissimilér interpolation) has the

highest score as in the first two experiments.

Discussion

The results show neither any decay effect with the delay intefval,
nor retroactive interference due to interpolation of the similar materiais..
Short-term recognition memory appears to be resistant to retroactive
'similarity-interference. Performénce is only sfightly poorer in the
similarity Rl group (Group 4) than in its "dissimilarity-control™ (6roup
3) even after being subjected to 30 similar interference items. This
shows a strong persistence of STRM égainét a massive retroactive inter-
ference with similar materials.

The proactive.similérity-interference effect, however, is
significant at the .05 level. This confirms the suggestion made by the’
ea}Iier experiments (Experiments |, Il and IV) that the Pl effect is
stronger than the RI effect. The results also confirm the asﬁumptfon
that similarity-interference was not probably intense enough to produce
a significant decrement in STRM in Experiment IV,ISA far as the Pl sim-

S ilarity effect is concerned. This seems to suggest that similarity P!
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effect plays a significant role in STRM, while decay and similarity RI
 do not. Thé results are not consistent with the‘general STM findings
using recall; and this suggests thatvshort—term recoghition memory is
perhaps quite different from short-term recall in nature. HoWeVer,
the extent of persisten;e of STRM against decay after.long‘delay Eemafns
- to be investigated before drawiﬁg any conclusian about this.
The difference between .the similarity Rl and Pl effect in
v short-ferm éecognition memory is perhéps due to a "primacy" factor
(assumed earlfer) facilitating the recognition of earlier ifems over
the later items. |In the retroactive situation, the {faces for'thg first
series (sfimulus items) are stfongér'than the second series (interference
items) which, being weaker in trace-stkength, cannot produce any signhi-
ficant decrement in the first series. Conseqﬁently there is little or
no decrement.of STRM in the simiiarity Rl group (Group 4). In the prd-
active situation, on the other hand, the.traces for the first series
(interference items) are ﬁtrongly‘formed and interfere with the trace=-
" formation for the second series (stimulus items). As a result, the
perfaormance on the second series is poorer; and thislshows a similarity PI
effect. The poorer performancg in the similarity-Pl groups in most of
the experiments (Experiments |, Il, IV and V) becomes quite convincing
if the "primacy™ assumption is true. .

'On the basis of the results of this experiment, it may, however,
be cancluded that Pl similarity»effeqt becomes significant, though not
very strong, when the amount of interference is increased considerably;

but the R! similarity effect does not play'a significant role in STRM.



=90~ -

Short-term recognition memory seems to be resistant to retroactive
similarity-interference {Ri). The extent of resistence of STRM to

decay is explored in the next experiment (Experiment vi).
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Experiment Vi

Experiment V did not show a significant retroactive interference
effect .in short—term recognition memory even after increasing the inter—
ference materials by three times. Shortatérm recognition memory appears
to be resistant to retroactive interference with similar matérials;
the similarity Pl effect, however, is significant in.STRM. Experiment -

V| was designed to test the decay hypothesis; Tﬁe delay }nterval (the
total duration of the jntefpolated task‘as well).waﬁjincrease# consid=- B
erably in order to determine whether STRM is subject to decay at a |

longer delay interval.
Method

Subjects
Sixty subjects divided into 3 equal groups participated in
this experiment. fhe Ss (27 male and 33 female between 17 and 25
years old) were either college students volunteering.from an iintroductory

psychology course, or paid high school students.

Apparatus and Materi als

The apparatus and materials were:the same as in Experiment V

* except that the last two films (5 and 6) were not used.
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Procedufe

| | The procedure was the same as in Experiment V except that a
slower rate was used for the presentation of the interpolated materials; 
and the proaﬁtiye groups were left out. fhe presentation rate qu the
interpolated items was 1.5 seconds/itém; and the delay interval was

45 seconds. |t may be noted here that the immediate-test conditions
(Group t) for Experiments IV, V énd VI were identical; and the same’
data were used for Group | of all the three exberiments (1v, V and VI).
Group 2 (delayed-test, rehearsal allowed) of Experiment IV was identical
to that of Experiment V; and the same data Qere therefore used for

Group 2 of both the experiments (IV and V).

Results

The mean number correct and standard deviation for different
groups are presented in Table VI. Although Group 4 (similarity Rl) has
the highest recognition score as in Experimént V, the difference between
the groups is very small. A one-way analysis of variance was carriéd
out, and the F ratio (F = 0.49; df =3, 76) .is far from being significant.
A summary of the analysis of variance appears in Table | of the Appendix.

Siﬁce thé experiment was essentially an investigation of the’
decay factor, the.two proactive conditions (Group§ 5 and 6) which do
not involve any decay effect were not run.

*

Discussion

The results do nbt show any decay effect even after increasing’
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Table VI

Group Means and Standard Deviations of

the Recognition Scores: Experiment VI

Group . Mean E ;Standard Deviation.
Immediate . 7.05% L e
Delay 7.2 1.5
Dissimilar RI 7.0 .64

Similar RI! 7.60 ~ LTI

‘Data from Experiment 1V,
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the deléy interval by three times. The performance in the delayed-'

test conditions (wfth or without rehearsal) is even higher than in the
immediate-test condition (Group l); Short-term recognition memory seems .
to be resistant to decay even after quite a long delay (45 seconds).r
But how long STRM mighf persist‘could not be determined from the results,.
and was beyond the scope of the present study. 3

Interéstingly enough, the similarity Ri group (Group 4) has

the highest score and the immediate-test group (Group 1) the lowest;

while just the opposite would be expected according to both decay and
interference theorys The R! similarity_effect seems to rather facil=
itace short-term recognitioh memory aé was observed in Experimeht V.
The facilitation might have been due to the "primacy" effect of the
first series of items (as wa; assumed in Experiments |V and V), which
renders the similarity Rl effect in STRM ineffective.

Rehearéal seems to facilitate performance as the score in
Sroup 2 which ailows rehearsal is higher than the score in Group 3
which prevents rehearsal by presenting the dissimiliar materials during
the deiay interval. But no conclusion is warranted as the difference
is insignificaﬁt and very small. Besides, the highest score in the
similarity Rl group (Group 4) which prevents rehearsal most effectively
and presents interference in addition, precludes any conclusion about

rehearsal independent of interference.
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Experiment Vil

The resulté of Experiments V and Vi suggest'that short-term
re(ognitiqn'memory'is resistant to both decay‘and‘retroactive interferencé.
The proactiQe interference with similar'materials, however, wés signi=-
ficant at the .05 level in Experiment V. It was ;oncluded that STRM
does not decay with a longer deiay interval (within the range studied),
although th long it might persist was not determined in the pfesent
study. But the interference conclusiéh'is ambiguous. Different rates
were used for presentation of stimulus and jnterholated items in the
previous experiments (Experiments 1V, V and VI). Perhaps the different
- degrées of'léarning of stimulus and interpoléted materials resulting
from different rates of presentation obscured an interference effect.
As a control for this possibility, Egperimenf VIi used the same rate

of presentation for both stimulus and,interferente materials.
Method

Subjects
Two groups of subjects (20 Ss each) were tested in this
experiment. Ss were college students (15 male and 25 female) volunteering

from an introductory psychology course.

Apparatus and Materials

The two interference films (retroactive and proactive) from
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Experiment V were used in tiis experiment. ‘Everything else was the

same as in Experiments V and Vi.

Procedure
Only the two similarity-interference groups. (Group 4: RI
and Group 5: PI) Were_tested. The rate of presentation was .75 second/
item in both stimulus and interference sequences. The duration of the
.interference sequence (Rl and Pl1) was 22.5. seconds. Evérything else

was the same as in Experiments V and VI.-

Results

Experiment VIl was a control study designed to detefmine
whether an interference effeect in the two similarity-interference con-
ditions (Groups 4 anq 5) was obscured by the different rates of presén-
tation used for the stimulus and interference series in Experiments IV,
V and VI. A comparison of the group means and standard deviationé for
the two sim}larity—interference groups qf Experiments |V to Vil is pre=-
sented in Table Vll; A one-way analysis of variance was carried out
on the scores of both the simitarity Rl and simiiarity.Pl groups of.the
different experimeﬁfs. The F ratio (F = 1.72; df = 3, 76) for the
similarity Rl group (Group 4) is not significant. A summary of the
analysis of variance for this group appears in Table J of the Appendix.
| The F ratio (F = 4.22; df =2, 57) for the similarity Pl group (Group 5),
however, is significant at the .05 level. The summary of the analysis

of variance for Group 5 (similarity Pl) appears in Table K of the Appendix.
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Table VI

Comparisoh of the Means and Standard Deviations of
the Similarity Rl and Similarity Pl Groups (Groups
4 and 5) over Experiments Using Different Rates of

Présentation for the Stimulus and Interference Items

Group 4  .Group 5
Experiment - Simjlar RI Similar Pl

'Mean SD  Mean SD
IV: Interference Slower 7.05‘ |.47 5.90 | .45
V: lnter;erence Faster 6.80- 1.8l 5.50 1.83
Vi: Interference Slower 7.60 " 1.7l

Vil: Equal Rate . 7.80 l.12 7.00  1.64
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Following the analysis of variance in the similarity Pl group
(Group 5), Duncan's New Multiple Range fest was used for the individual
comparison of means in di fferent experiments. The comparison shows thatA
the performance in tfie Pl similarity group (Group 5) in Experiment VI|
is significantly better (p<.05) than in Experimeht V;‘ and the difference
between Experiments 1V and Vil (higher score in Experiment VIL) is just
short of significance at the .05 level. There is'mocomparison with
Experiment VI as'the proactive_grbups were left out in Experiment Vl.‘
The results seem to indicate that equal rate of presentation in the
stimulus and the interference series in:thé proactive situation faﬁilitates‘.
peffﬁrmancé, and eliminates the similarity Pl efféc@ dbsérved_fn Experi=-

ment V (and in Experiment |V to some extent). ‘ "

Discussion

The different rates of presentation in the stimulus and inter-

ference series used in different experimenté (and hence the resulting

differential degrees of learning as assumed) do not seem to have played
any role in the operation 6f interference process, so far as the sim-
ilarity Rl effect is concerned. The performance is m&re or less equal
under the same or different rates of presentation for fhe stimulus and
interference series across all the experiments. The equal rate of pre-
sentation for both the series, however, seems to facilitate performance
in the Rl ‘similarity situation, as the performancé in Experiment Vi1,
which uses equal rate for both the stimulus and interference series,

is higher than in all other experiments using different rates for the
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two series. Experiment V which uses a faster rate for the interference

series has the lowest score. But the two,e%periments (IV and V1) which
use a sldwer rate in the interferencg series score mid=-way between the
faster (Experiment V) and equal (Experiment VI|) rate of presentation.
The Pl similarity effect, on the other Hand, seems to have
been affected by the different rates of presentation.for the stimulus
and interference items; but the trend is not consistent enough to wérf
rant ény conclusion about the effect of rate of presentation in the

stimulus and interference series of items on the similarity Pl effect,

When a slower rate (1.5 seconds/item) is used for the interference

series (Experiment ]V), the similarity Pl effect is close to significance;
the Pl similarity effect becomes significant (p<.05)'when a faster rate
(.5 second/item) is used for the interference items (Experiment V).

But when an equal_réte (.75 second/item) is used for Eoth the stimulus

and interference items (Experimeht.VLl), the similarity Pl effect is

cancelled out and the performance is rather better.
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GENERAL D!SCUSSION

‘The-results of the present series of éxperimentS'do not
support the decay theory of short-term recognition memory. The extent’
of persistence of STRM against decay was notvde¥ermfned in the present'
study. Butbwithin the range of intervals studied (up to 45 seconds),
ft may be concluded that short-term recognition mémory is not subjectf
to decay. On the contrary, short=term recall is often found td be
subject to decay with much shorter intervals (See Introduction, Pp.
{2-15). Short-term recognition memory seems to be quite different.
from short-term recall.

The.effec@ of interferencé is ambiguous; In the first three
experiments, similarity—intérference (R! and Pl!) seems to have pro-
duced a significant decrement in short-term recognition. But analysis
of the recognition-errors showed thét-this apparent interference ef-—-
fect was an artifact caused by the presence of the interference items
among the recognition alternatives. This conclusion is confirmed by
the iater experiments (Experiments IV - VII) wh%ch do not show any
significant retroactive interferénce when there was no discrimination
of recognition alternatives required. Thus short=term recognitioh
memory seems to be resistant to retroactive in{erference. But in a

paired-associate STM study by Garskof and Sandak (1964) the A-B
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pairings are actUal;y unlearned due to the intefporatgd"A-C pairings
in‘fhe‘Rl paradigm with recognitioh. -
The proactive interference effect fs somewhat confusing.
The similarity Pl effect was significant in Experiment V, and was close
to signifi;ance‘in Experiment V. But iﬁ Experiment Vil, 'which was

identical with Experiment V except that an equal ratg'was used for the.

,presentétion of both the stimulus and interference items, the sim-

ilarity Pi effect disappears and the OVeFall: performance improves.
This inconsistency prevents a firm conclusioh about the similarity
Pl effect; but it suggesté that STRM may also be resistant to pro-
active interference. L |

The.persistencg of short-term recognition memory against bath
decay and interference suggests that.the memory storage.(short-‘or
Iong—term),:ohce formed, pecomes relatively permanent, and is little
subject to decay or interference. The reéults suggest that only
retrieval is subject to‘decay or interference, while storage is not.
Retrieval is an essential part of recall; and the loss of STM due to
decay or interference usually reported by experiments using recall is
perhaps caused by the loss of the retrieval process. Memory storage
is more {han mere retrieval . Thé'storage may persist even when Eetrieval
is lost and recali has failed. A recognition test which does not require
retr}eval might show the memory storage even after loss is reported by
recall. The presept results confirm earlier findings (see Introduction,
Pp. 43-45) of Schwartz and Perkins (1966), Shephard and Chang (1963),

and Shephard and Teghtsoonian (1961) and indicate that both short- and
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Iong-tefm recoghition memory persists again;t decay or interference.

All memory (short-. or Iong-term) has two, aspects: retriéval
and storage. Retrieval is temporary and short-lived after a single pre-‘
sentation; and is subject to decay or interferencé (e.g., Brown,'l958; .
Képpel and Underﬁéod, 19623 Melton, 1963;_'Pet¢rson and Peterson, 1959).
But retrieQ;l may be enhanced by repetition and rehearéal. The>memory
;torage, on the other-hand, fs relati?ely perménent after one trial ;si@j‘
suggested by the_present results. Any barticular item may be both in
short-térm and- long-term storage at the same time (Waugh and Norman,
1965), After a single presenta{ion an item is in the short-term store
so far as ifs retrieval is concerned, and in terﬁs of the memory storage
it is in the long-term store. This seems to bridge the gap between ‘
short-=term and long~term memories. The same prbcesses: .retrieval and
storage occur in both short- and long=term Memory§.VWhen retrieval is
Iost‘after'one trial due to decay or interferénce, and recall has failed,
we call this shaort-term memory; persistence of retrieval after repetition
and rehearsal is called'long—term memﬁry., The memory storage, once formed,
seems to persist and may be reveaied by recognition fests which do.not
require retrieval, aithough loss may be reported by recail tests which'
pre-suppoge retrieval.“Thhs the.dffférenCe bétween short- and long-term
hemory appears to depend upon the tests used.

The persistence of STRM may also be.due to a partial |earning -
and retention of some characteristics or aspects of the items (McNulty,
1966). These partial characteristics may be enough for the correct re-

cognition of the items even when retrieval of the items is lost. But
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the_persis;én;e of these partial characteristics themselves against
decay and interference cannot be explaihed by the partial Iearning model
of recognition memory (McNulty; 1966). Perhaps the same "retrieval and
storage™ explanation should also be appropriate here. The persistence
of the memo?y storage (compiete or partial) seems to be the most convinc— -
ing explanation. Further investigation is necessary to Qetermine the
nature of retrieval and storage processes as such, and their relation-
ships. ; |

The results of the first three expefiments could be inter-.
preted as supporting aﬁ inter ference theory if the discrimination of
list—mémbersﬁi§ of the stimulus and interference items is taken as the
criterion of performance. Exposure to the similar interference items
impairs tne discrimination, and jntrusions from the interference §eries
‘are numerous. Wickelgren (1965c)-found a similar tendency of infrusions
in recali. Intrusions tend to‘be simflar to the presented items, and
their frequency increases’with the degree of similarity with the pre-
sented items; The same kind of intrusions are also reported with
acoustic similarity ﬁf the interference items (Wickelgren, 1965d).

I1f, on the other hand, the absolute }ecognition per formance
(identification of the previously exposed items: both stimulus and
‘interference) is taken as the criterion, interferen?e has no effect on
short-term recognition memory. When“the recognition alternatives in=
‘clude the interference items (Experiments | = 111), the performance is
impaired; but when the interference items do'not occur among the re-

cognition alternatives (Experiments IV - VIi), the performance is unaf-
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fected. |f the interference items.were included among the recognition
alternatives in the forced—choice re&ognition tést of the later experi-
ments (Experiments IV'— Vil), results similar to the first three experi-;
ments might. have been obtained. .

The significant Pl similarity'effect in Experiment V and the
close-to-siqnificant Pl effect in Expériment v, togethér with the lack
of a significant Rl similarity effect, is consistent with Postman?'s
(1963) notion about Rl and Pl; "..;proactive inhibition is an estab-
lished fact, retroactive inhibition is rarely‘cdmpletej...“ (p. 298).

. This suggestion is also confirmed by the stronger Pl than erin the
similariiy-ihterferénce conditions of Experiments | and 1l. But the
similarity Pl éffect itself is not very consistent. |In Experiment |V
which uses a siower presentation rate for the -interference than for
‘the stimulus items, the P! effect is close to significant; the Pi ef=-
fect becomes significant when the rate in the interference series is
faster (Expgriment V), but disappears When an edual rate of presentatiﬁn
is used for both the stimulus and interference series (Experiment Vil).
It may be conciuded from the results that short-term recog-
nition and short-term recal! measure different aspects of the memory
process. Recall measures retrieval, or ability to reproduce an item
'retained, while recognition measures the memory storage independent
of (etriéval. Thfs is quite consistent with Murdock's (1963c) sug-
gestion that M...recognition and recall are not necessarily equivalent
methods of measuring retent{on." '(Murdpck, 1963c, p.20). The results

indicate that retrieval is subject to decay or interference as reported
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by most STM experiments using‘recall (e.g., Brown, 1958; Keppel and
Underwood,. 1962; Mackworth, 1964a; ‘Melton, 1963; Peterson,and

Peterson, 1959), but that storage is persistentvagainst decay or inter—

_ference as reported by Schwartz and Perkins (1966), Shephard and

Chang (1963) and Shephard and Teghtsoonian (1961).
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SUMMARY

This study vlas desi.gned to investigate the decay and inter-
ference processes in short~term recognition memory for visually pre-‘
sented nonsense syllables.. Seven experiments, invoiving a total of 520
subjects, are reported. The experimental paradigm'was to test 6 inde- o
pendent groups of Ss in each experiment (except Experiments VI ‘and Vll).
The six experimental groups were:. (1) Immediate-test, (2) Delayed-
test, (3) Dissimilar—-interpolation (numbers) before the test, (4) Similar-

interpolation (similar nonsense syllables) before the test, (5) Slmllar

.-proactlve presentation before the stimulus items (test follows), and.

(6) Dissimilar-proactive presentation before the stimulus items. All
presentafion was sequential. |

Experiment | was a preliminary‘study designed to deveiop a
technique to study short-term recognition.memory. Teq low-associatiaon:
value nonsense syllables wers'used'as the stimulus items; ten 3-diglt
numbers and 10 similar nonsense syllables were used as the "dissimilarlty-
control® ahd interference materials respectively. The recognition test’
was a 50-alternative (including the 10 stimulus and 10 interference items)
"yes-no® choice for all the alternatives sequentially presented} "The
results do’not show any decay effect but the similaéity-interference

(Rl and P!) was highly sugnlflgun
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Experiment‘ll was a replication of Experimenf | with a faster
rate of presentation in ordeé to eliminate the éssoci;tional factors
observed in Experimen{ I. The results of Experimeht-ii more stronglyvb
.vsupport the interference theory in shoft-term recognition memory.

Experiment 11l used a 50-alternative mqtfiple-dhoice recoghi-
tion test with all the alternatives presentéd togethef. Ss were re-
quifed to pick out-the Mcorrect™ (stimulus) items within a time-limit.
In all other respects Exper@meht {11l was similaf to Experiments | and
1. The'results confirmed the first t&o experiments: . no decay. but
significant interférgnce.

" The analyses of the recognition-erroré-in the first three
experiments indicate that the observed interferenceveffect-might have
been an artifact of the recognitian tesf which required a discrimination
of the list-membership of the recognized items due to the appearance
of .the interference items among the recognition alternatives.

Experiment |V was a 3-alternative forced-choice recognitioh
test for each of the stimulus i;ems; The interference items did not
occur among the recognition alternatives. There was ng{ther decay nor
interference shdwn by the results. |

Expériment V increased the interference materials by three
times in order to determine the extent of persistence of short-term
recognition memory against interference. The results did not show any
Rl effect;  the Pl effect was significant at the .05 level.

Experiment VI incréased the delay interval by three times to

determine whether short-term'recognition memory is subject to decay at
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a longer delay. The results do not show any decay effect;' nor is-there
sighificant Rl effect. ‘The Pl groups were left out in this experiment.
Experiment.lv; V and VI used different rates for the pkeseh-
tation of the stimulus and interference items. The differential learning
of the stimulus and interference items resultfng from their different
rates of presentatfonwmight haQe obscuréd an jnterfefence effect in

Experiments 1V, V and VI. Accordingly, Experiment V|| used an equal

" rate of presentation fer both the stimulus and interference items. The

rate of presentatfon does hot seem to have affected the RI effect;

but the Pl effect observed in Experimentiv does not occur in Experiment

Vii Qith equél rate of presehtation for the stimulus and interference items.
The overall results do not support the decay theory of short-

term recognition memory. Although the Pl effect was significant in one

"experiment {Experiment V), the results do not support an interference

theory of short-term recognition ;memory. Short-term recognition
memory seems to persist against both decay and interference. The re-
sults are interpreted by assuming that the memory storage may persist
even after retrieval is lost and recall has failed. The storage is
revealed by a recognition test which does not require.retrieval; and
the recognition memory persists against décay or interference, as was

observed in-the present study.
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APPENDI X

-Tables of Analyses of Variance. -

C - -
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-Table A

Analysis of Variance for Recognition Scores

(Corrected for Guessing): Experiment |

. Source . SS df MS F
Between Groups | ' 139.20 5 27.84 . 7.05%*
Within Groups 213.34 54 3.9
Total | 352.54 59

** p<,0f -




Table B

Analysis'of Variance (Repeated Measures) for Recognition-'

Errors from the Interference and New ltems: Experiment I

Source
Between Subjects
Groups (G)

. Error b

Within Subjects
Repeated Measures (R)
RXG

Error w

ok p<,0l

*%% p<,00]

5SS
1073 .49
343 .84

729.65

727.50
75.21
208.84

443 .45

df

59

54

60

54

MS

68.77

"13.51

75.21

41 .77

8.2'

' 5.,09%%%

9.16%*
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Tabie C

Analysis of Variance for Recognition Scores

(Corrected for Guessing): Experiment I

Source SS df MS F
Between Groups 184.66 5 36.93  9.35%*x
Within Groups 213.23 54 3.95

Total | 397.89 59

*** <, 001
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Table D

Analysis of Variance (Repeated Measures) for Recognifion-

Errors from the Interference and New ltems: Experiment Il

Source ss . df Ms F
Be{ween Sub jects | 791 .67 59 |
Groups (G)V ' 257.37 5 51.47  5.20%%%
Error b ' 53430 54 9.89
Within Subjects . 815.00 60
Repeated Measures (R) S U773 - 177.63 22.28%%*
RXG o | 206 .87 5 4137 5, | gxk*

Error w 430.50 54 7.97

*¥xx p<l,001
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Table E

Analysis of Variance for Recognition Scores

(Corrected for Guessing): Experiment 111

Scurﬁe SS§ df MS . F
Between Groups 131.07 | 5 26.21 6;99***
Within Groups - 427.59 114 3.75 |
Total 558.66 CH

*k% < 00|
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Table F

Analysis of Variance (Repeated Measures) for Recognition-

Errors from the fnterference and New |tems: _Experiment i1

, Source . . - . df Ms F

~ Between Subjects ' . 887.66 119
Groups (G) | 264.99 ' 5 53.00  9.70%¥*
Error b 622.68 - 114 5.46

Within Subjects | 1 967.50 120

Repeated Measures (R) 189.04 | 189.04 35.45%%*
RXG ‘ 170,49 5 34.10 6.39%**
Error w , 607.98 Ii4 5.33

*kx 5.001
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Table G
‘Analysis of Variance for Number Correct: Experiment IV

Source ‘ SS df MS F
Between Groups  19.74 5. 3.95 2.0l
‘Within Groups 224.05 114 1.97

Total ' 243.79 119

[4
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Table H
Analysis of Variance for»Number Correct: Experiment V
Source Ss  df MS F
Between Groups 35.9¢ 5 7.18 2.99*
" Within Groups 273.30 114 2.40

Total 309.20 119

*  p<.05
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Table |

Anafysis of Variance for Number _Correct:A Experiment VI -
- Source SS df MS F

Between Groups 3.70 3 .23 0.49

Within Groups 189.30 76 2.49

 Total 193.00 79

o)
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Table J

Analysis of Variance for the Similarity Rl Group (Groqp
4) aver Experiments Using Different Rates of Presen-

tation for the Stimulus and Interference |tems

Source - 85 7 df MS - F
Between Experiments - 13.04 3 4.35 1.72
Within Experiments - 192.15 16 2.53

* Total | © 205.19 79
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. Table K

Analysis of Variance for the Similarity P! Group (Group
>5) over Experiments Using Different Rates of Presen-

tatiqn for the Stimulus and Interference ltems

Source : SS df  MS F
Between Experimenté 24.13 2 12.07 4.22%
Within Experiments 162.80 57 2.86

Total ‘ 186.93 59

* p<.05
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