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Ph. O. ABSTRACT PSYCHOLOGY 

A. K. M. Abdur Rahman 

OECAY AND 1 NTERFERENCE 1 N SHORT -TERM RECOGNIT 1 ON MEMORY 

Thi.s study investigated the roles of decay and inter

ference in short-term recognition memory for visual stimuli. 

Seven experiments, involving 520 Ss, were reported • 

• EXpEi'" iments l, Il and III showed that i nterference 

is significant in short-term recognition memory, whi le decay 

is note But analysis of the recognition-errors suggests that 

the interference effect was an artifact of the recognition· 

test. Experiment IV controlled for this artifact, and indicated 

that short-term r2cognition memory is subject to neither decay 

nor interference. Experiments V and VI confirmed the persistence 

of short-term recognition memory against interferenc~ and decay 

by increasing the amount of interference and the duration of 

delay. Exper!ment VII demonstrated that different rates of 

presentation for the stimulus and interference items did not 

cQnsistently affect interference. 

The results ~ere interpreted as suggesting a persistence 

of the memory storage against decay or interference whi le the 

retrieval may be I~st. 
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1 NTROOUCTI.ON 

Memory has been classified into two distinct categories: (1) 

long-term and (2) short-terme Long-term niemory (LTM) is defined as 
.' 

firmly establ ished storagec6nsisting of associative. connections invol

ving repetition and practice (Corbal 1 is, 1965; Melt~~, 19631. Short

·term memory (STM) is a one-trial learning. phenomenon where the memory 

is formed after a single short presenta~ion (Mel ton, 1963). Performance 

is perfect or near-perfect when the retention test is taken immediately 

after the presentation, but memory fails rapidly unless the materials 

ar.e constantly rehearsed (Broadbent, 1957, 1958; B~own, 1958; Sperl ing, 

1963) • 

Two majdr factors are suggested as the cause of forgetting 

both in ~TM and STM. One is decay of memory traces through the passage 

of time, and the other is Interference from interpolated materials. 

The relative importance of decay and Interference in the explanation of 

forgetting has been a matter of debate in recent years (Melton, 1963) •. 

ln the case of long-term memory, the 1 iterature suggests that interfer-

ence by interpolated materials produces more retention loss. than simple 

decay ( Melton, 1963; Postman, 1961). But the role of decay as against 

Interference in short-term memory is not clear ( Broadbent, 1963; Cor-

bail is, 1965; Melton, 1963; Peterson, 1.963). 
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STM and LTM are sometimes considered to be distinct processes 

involving separate non-overlapping mechanisms. But STM and LTM may 

al so be, pl aced on a co nt i nuum i nva 1 vi ng the same hypothet i ca 1 mechan i sm. 

Thëorists dichotomizing STM and LTM argue that there is nointerference 

in STM; decay is the only,factor responsible for loss ofshort-term 

retention (Broadbent, 1958, 1963; Brown, 1958; Conrad, 1957, 1958, 

1960, 1964; Conrad and HiIle, 1958; Hebb,1949; Peterson and Peterson, 

1959). Theorists favouring the,continuum viewpolnt claim that both 

Interference and dec.ay operate in STM (Melton, 1963; Keppel and Under-
. , 

wood, 1962; Peterson, 1966b, 1966c). The 1 iterature is not conclu-

sive enough to resolve this controversy between decay and Interference 

in STM (Broadbent, 1963; Corball is, 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 memory for vlsual stimul i under a recognition procedure. The loss 

of short-term retention produced by decay itself is compared with the 

loss'brought about by decay and Interference operating together. If 

there is any significant difference between the amounts of memory losses 

in these two conditions, a definite role may be assigned to Interference 

in STM. But if the difference between 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 us'ed the method of ;oeca 1 1 • 

Recogn i t i on i s a more S"lS i t ive measure O"r retent i on than reca 1 1. A 

subject might fail to recalï "sorne materials to which he has been exposed, 
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but may be able to recognize the exposed materials from amongother 

non-exposed materials. For recognition, a response need not be 

generated; it is already there. As a result, the retention score is 

usual Iy higher withrecognition than with recal 1. Thus recal 1 does 

not tell the fui 1 story about retenti on. Sorne portion of retention, 

measurable by recognition, goes unmeasured by recal 1. This study 

uses recognition as a measure of short-term retention for visually 

presented stimuli. 

Two form of Interference: retroactive and·proactive, are 

used in ail memory tasks. Retroactiv~ in~erference (RI) is produced 

by materials interpolated during the r~tention interval. This involves 

a corresponding decay effect. Proactive Interference (PI)is produced 

by materials preceding the presentation of the test materials. This 

dpes not involve 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 rehe~rsal 

counter-acts decay and hence makes it difficult to isolate the decay 

effect. This study prevents rehearsal by having the suoject say the 

items during presentation and by presenting sorne dissimi lar non-

interfering materials, apparently tobe mernorized, during the retention 

interval. There are two decay conditons: one with rehearsal allowed 

during the retention interval (nothing being presented), and the other 

with rehearsal prevent'd (diss~milar materials being presented). A 

comparison between pure decay and rehearsal, as isolated by the 
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operation, is also made. The prevention of rehearsal by having the 

subject say th, items du~ing the stimulus presentation remains constant 

for ail conditions. ' .. 

Th~ results of the present series of experiments indicate 

that there is nodifference between effects of decay and Interference 

in short-term recognition memory. Similarity of the interpolated 

materials to the testmaterial does not make any difference in the recog

nition Score. Tim~ in store does not affect retention either. This 

does not support a decay Interpretation of short-term recognition memory; 

nor does it confirm the Interference Interpretation. Rehearsal does 

not affect the recognition score. Short-term recQgnition memory appears 

to be rather resistant to both decay and Interference. This suggests 

that the fi",~ings in most STM experi~ents with recall are appl icable 

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

Decay and Interference in Short-term Memory 

The theoretical controversy between the continuity and dichotomy 

viewpoints of STM (Melton, 1963) is mainly due ta the confl icting and 

confusing 1 iterature on decay and Interference in short-term memory 

(Corball is, 1965). The dual istic theory of memory storage, responsible· 

for the recent controversy between decay and Interference in STM, was 

first proposed by Hebb (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 "structural trace". 

The activity trace of STM cônsists of firing of neurons in reverberatory 
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circuits. This reverberatory "activity trace" is subject to rapid 

decay over time.· If the reverberation, however, is allowed to continue, 

the activity trace of STM may become the permanent structural trace 

of LTM o But the activity trace is disrupted and wiped out if something 

else is pr~sented t9 the subject during the reverberatoryprocess. 

Hebb (1961) revised his 1949 theory in the 1 ight of his 1961 experiment. 

ln a memory spanexperiment, he repeated every third series of digits 

without the knowledge of the subjec~. The result was a significant 

cumulative learning effect in the, repeated series, while the non-

repeated series remained at a chance level. This shows a structural 

component in the 50-cal led "activity' trace" of short-term memory after 

a single presentation (Hebb, 1961). 

Hebb's (1949) dual istic theory involves both decay and inter-

ference elements. The "activity trace" is s~bject to rapid decay, but 

it is also subject to disruption by the presentation of other materials~ 

Hebb's revised theory (1961) seems, however, to incl i.ne to a monistic 

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

experiment and confirmed his conclusions. 

Decay 

Brown (1958) defines the decay theory as: 

o •• when something is perceived, a memory trace is establ ished 
which decays rapidly during the initi.al phase of its career. 
Sorne decay of the trace is assumed to be compatible with 
rel iable recall--just as partial fading of print may be com
patible with perfect legibil ity. But recall will cease to be 
rel iable if decay of the trace prûceeds beyond a critical level 
(Brown, 1958, p. 12). . 
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More recently, Peterson (1963) gives another definition of the decay 

theory interms of the operations carried out in memory experiments. 

When a series of digits, letters or words is pre
sented and tested for recal 1 without any appreciable lapse 
of time, it is only the last item in the series that has oc
curred immediately before the test. If th~ instructions . 
specify that recall is to be attempted in order of presen-
tation, then the test is not Immediate evenfor that last -
item. This consideration has led to interpretation of memory 
span. in terms of a trace decay th~ory. Stimulation se~s 
up some kind of memory trace in the nervous system which 
decays rapidly over Q short period of time. As the series 
of items presented is lengthened, the time interval between 
presentation and rec~11 of the individual members becomes 
longer. As a result the tra~e becomes Weaker,. andproba-
bil ity of correct recall decreases (Peterson, 1963, p.336) • 

. In discussing a decay factor in STM it is necessary to make 

a distinction between two kinds of short-term memories: (1) a 

.rapidly decaying very short-term memory (lasting for a fraction of a 

. second) t'or non-categorized items, and (2) a·more slowly decaying STM 

trace receiving some cateyürized 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 Coriel 1 

(1961), and Averbach and Sperl ing (1961). Using a partial report 

technique for a display of letter-rows,Sperl ing (1960) and Averbach 

and Coriell (1961) found a rapid decay of the information available, 

with the greatest loss occurring within the first ~25 second. Sperl ing 

(1960) also confirmed the earl ier findings of Kay and Poulton (1951) 

and'Poulton (1953) that retaining something ln memory for later report 

Interferes with the abil ity to recall earl ier material. Averbach and 

Coriell- (1961) found that r"ecall varied as a function of delay between 
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stimulus presentation and cue for recall from 70% at zero delay t035% 

at .2 second de 1 ay •. The i nterest i ng feature to note in th i s exper iment 

is that the recal 1 score neither reached 100% atzero delay nor didit 

approach zero at the final level. This means that sorne of the materjals 

reached a more permanent store. These twô e~periments (Averbach and 

Coriell, 1961; 5perl ing, 1~60) seem to indicate a rapidly decaying 

Immediate memory system; although they show sorne Interference effect 

too. Using a similar technique, Averbachand5perl ing (1961) found 

that th .. decay time depends upon pre- and post-exposure conditions as 

weil as on the exposure itself. Th'e measured decays varied from 1/4 

seco to several seconds. They also found that new information erases 

previous information. Another series of studies on immediate memory 

(Broadbent, 1957, 195B; Brown, 1954) indicates. a rapid-decay 5TM pro

cesso Broadbent (1957) presented six digits to one ear and two digits 

to the other ear, requiring 5s to recall the six digits first and then 

the two. Recall was higher if the two digits were presented atthe 

~ery end of the six digits rather than a second eBrl ier. Here the t.ime 

difference seems to ~e the crucial factor and the results support a 

rapid-decay interpretation of Immediate memory. Brown (1954) found a 

re'ciprocal relationship between the recall of sorne material and the 

retention of something else (whi le recal 1 ing) for later reporto He 

presented arrows and numbers simultaneouslyo If 5 recal Icd the arrow 

1 ist first~ fol lowed by the number 1 ist, recall~f numbers was poorer 

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

taken ~y the recall of arrows o But the interference efiect by the 
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reca 1 1 of arrows cannot be ru 1 ed out. 1 f S reca lied the numbers and 

then the arrows~number score was also worse than recall of numbers 

alone. Mere retention of the arrows while recall ing the numbers affects 

the number-recall. This is rather ha rd to explain by the d~cay theory.·· 

The results confirm sorne earlier studies (Ka y and Poulton, 1951; 

.Poulton, 1953) and indicate that retention is an active process and the 

intervening activity (recall and retention of the arrows .in this case) 

affects recallo Further support of the decay.theory of SIM has come 

from Conrad (1958). Us i ng dia 1 and keyset te lep/'lones he foundthat Ss 

make more. mistakes in recalling a number by dialing than by pressing 

the buttons of the keyboardo . The dial method of recal 1 takes longer 

time and pr:.oduces more forgetting. (Conrad, 1958)0 This supports a 

rapid-decay Interpretation of Immediate mem,oryo· 

Decay in the second category of STM is a function of time 

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

.irrespective of any ma~erial ot activityoccupying the lnterval (Broad

bent, 1963; Peterson, 1963)0 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 recal 1 for various intervals with or without interpolated materials. 

The inter-item rehearsal by S during presentation and recall in both 

kinds of experiments is not usual Iy controlled except by requiring S 

to respond to the itemso Most of the delayed recall experiments con-

trol rehearsal during the delay interval by presenting sorne dissimi lar 

materials irrelevant ta the memory task (Brown, 1958; Keppel and Under-
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wood, 1962; Murdoc~, 1963 a, 1963 b; Peterson and Peterson,. 1959); 

• although a few delayed recal 1 experim~nts left the interval unfi lied 

and rehearsal uncontrolled (And~~son, 1960; Crawford et al., 1966; 

McLane and Hoag, 1943). 

Rate of Presentation and Decay in STM 

A decay theory would suggest that increasing the rate of 

presentation on an Immediate recall task should decrease the time in 

store and improve recal 1. Decreasing the rate would accordingly inc~ease 

time in store and should result in decreased recall. But rehearsal 

and organization of the stimul i by S confounds the decay prediction 

here (Corbal lis, 1965; Posner, 196~}.Experiments 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 fo~nd evidence to support it. Series of eight 

digits were presented 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 simi lar study (Conrad and Hl 1 le, 1958) used paced or 

unpaced recall in addition to the slow and faster rates of presentation 

and recall. The resutts show a decline in recal 1 with increasing mean 

time in store in paced recall. Unpaced recal 1 was superior to paced 

recall at ail rates. This 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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(195B), and Mackworth (1964a, 1964b). 

But Bergstrom (1907) found a uniform decl ine in errors of 

Immediate recal 1 with increasing time intervals from ~5 to 2 secondso 

These results have been confirmed more recently by Guthrie (1933) and 

McReynolds and Acke"r (1959) uSing a different techniqueo Pollack (1952) 

presented mixtures of digits and consonants at intervals ranging from 

.31 to 4 secondso He found a decrease ln rec~1 i with reduction of 

interstimulus intervalo The same general relationship was found in 

another study (Pollack, Johnson, and Knaff, 1959) with a different 

techniqueo ln this experiment 25 to, 40 digits were presented in a 

running memory span design at intervals of 025, 05, 1 and 2 seconds o 

The 5s were either informed or not informed of the series-Iength, but 

were required to rec~i 1 as many successive adjacent digits as they could 

ending with the terminal pointo The results show a higher recall at 

the slower speeds than at the faster speeds. Differences between 

groups informed and uninformed about the series-Iength were reduced 

as the rate of presentation increased. Mackworth (1962a) varied the 

rate of presentation (from 1/4 to 2 seconds) of B-digit or 9-digit 

messages in a visual presentation and found an improvement in recal 1 

with slower presentationso The results do not support the decay theory~ 

ln another study (Mackworth, 1962b), she varied the duration and length 

of digit-I ists in a simultaneous or successive visual presentation. 

Results show an increase in recail with the increase of message dur

ation and length in the simultaneous presentationo This goes against 

the decay hypothesiso But the block display at i/2-second/digit was 
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signlficantly better than single digit display at I-second/digit. 

This could,however, be interpreted as supportingthe decay theory of 

Immediate memory • 

Mackworth (1964b) and Posner (1963, 1964) have attempted to 

account for these tonflicting resultso Mackworth suggests that pre

sentati~n modal ity could be a cruci~1 factoro Studies showing decreased 

recall with decreased rate have used aurai presentation, while·vi~Ual 

presentation has been used in most experiments showing opposite results. 

Posner (1963) suggests that slower rate allows S more time to perceive, 

organize, and rehearse the material ~ and it results ln in~reased recall 

in many situations. However, when prganizing abil ity is restricted by 

time factor and nature of the material, incrèasing the rate of presen-

tation decreases the t·ime in store and results in increased recall. 
b 

P-osner (1964) presented a series of eight digits aurally at two rates. 

He found that recall was more accurate at the fast than at the slow 

presentation when recal 1 was ordered. If Ss were instructed to recall 

the last four digits before giving the first four digits, recall im-

proved at the slow rate, but remained the same at the fast rate. 

Posner (1964) suggests that this higher recal 1 at the slow rate might 

have resulted from more efficient rehears~1 strategies and organizational 

factors. 

Recent findings with varying rates and modality of presenta-

tion do not support the decay theory (Corbal 1 is, 1966a, 1966b). Cor-

bail is (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 sp(;!eds. ln another study (Corbal lis, 1966b) interdigit interval 

was either increased or decreased graduai Iy both in visual and auditory 

presentations. Recall increased with inc'reased in~et-digit interval 

in 'visual presentation. This is again evidence against the decay theory. 

ln the aurai presentation, ,however, results did not show any consistent 

tendency ~ith increase or decrease of inter-digit interval o This 

suggests that auditory short-term storage is more effective than visual 

storage, but there is littl~ evidence within modal itiesto support the 

decay theory. 

Delayed Recal 1 and Decay in STM 

Time in store is also varied by delaying the recal 1 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, 1964). Most 

of the del~yed recall experiments pr~sent sorne irrelevant materials 

and require S torespond to them in order to prevent rehearsal during 

the interval (Brown, 1958; Murdock, 1961; Peterson, 1963, 1966a; 

Peterson and Peterson, 1959; Pillsbury and Sylvester, 1940). Here 

also, the decay effect is confounded with the Interference effect pro

duced by the presentation of the irrelevant materials; and it is rather 

hard to isolate the decay factor as such from the Interference factor 

in such situations (Corbal lis, 1965; Posner, 1963). Confl icting re

sults are also reported in the delayed recall experiments: sorne are 

in favour of, others against' the decay prediction of STM. 
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Mclane and Hoag (1943) varied the delay from zero to 180 sec:-. 

onds after the presentation of six nonsense syl lables. There was no 

interpolated task but Ss were asked notto rehearse the material during 

the delay interval. Recal Iwas ordered •. The results did not show any 

systematic decllne in recall with time. Anderson (1960), however, 

found a decl ine of recal 1 of 12 digits from·72 to 60% over a 30-second 

interval even when rehearsal was al lowed. But a recent study (Crawford 

et alo, 1966) confirms Mclane and Hoag's(1943) results. Crawford et 

al. (1966) presented sequences of letters, either meaningless, or formed 

words, or formed sentences in content, at the rate of .7 s2condjletter. 

Retention interval varied trom 1 to 10 seconds (1,4,7 or 10 sec.). 

There was no interpolated task during the retention interval. Recal J 

did not decline with longer time intervals; rather it improved. Degree 

. af meaningfulness affected the accuracy of recal l, but there is no 

interaction between r~tention-interval effect and degree of meaningfulness. 

The findings are evidence against the decay theory of memory. Pi 1 Isbury 

and Sylvester (1940) found a decrement in recal 1 produced by interpolated 

tasko Ss were presented with series of six pictures, or nonsense syl-

lables, or wordso The results showed a decrement in recal 1 scores from 

24 to 43% as a function of the interpoiatl2d tasko The results further . 

show that the difficulty of the interpolated task, ra.ther than its sim-

i lari~i,to the test material, is the crucial factor in producing the 

decrementoThese results could be interpreted in support of the decay 

th~ory, since simi I·arity of the interpolated materials does not count 

hereo Decrement produced by the interpolated task could be due to ef-
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fectivecontrol of rehe'arsal; the more difficult the interpolated task, 

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

Simi lar results have been found, more recently, by Brown (1958). In a 

test of the decay theory of Immediate memory, he presented series of 

consonant diagramso A number reading task was interpolated as the ir-

relevant stimul i. Further consonant combinations were presented as 

. in~erference stimuli. The results show a poorer recall with time when 

rehearsal is controlled by the interpolated activity; slmi larity of 

the interpolated materials did n~t affect recall. Brown interprets 

these results as evidence for the decay factor in Immediate memory. He 

further showed that proactive presentation of the irrelevant task makes 

onlya slight differ~nce, while.retroactive presentation has the larger 

effect. Peterson and Peterson (1959) found a simllar progressive decay 

effect with time in the recal 1 of a single item. A single consonant 

trigram was'presented and 5 counted backward in threes or fours from a 

specified number as the interpolated activity. Recall decl ined from 

80% after 3. seconds, ta 10% after 18 seconds. The results are inter-

preted as a st rang support of the decay theory of STM and the interpol

ated counting activity has been desèribed as an effective rehearsal

preventive mechanism (Posner, 1963, 1964). 

But the Peterson and Peterson experiment has also been cited 

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

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

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

required 5 to rehearse the trigram oral Iy or silently before beginning 
• 
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the interpolated tasl<. Recall improved as the time for oralrehearsal 

increased from zero to 3 seconds, but with silent rehearsal no significant 

improvement occurred. Simi lar resul~s are reported by Conrad (1960). 

Seven- and eight-digit 1 ists were used. Ouring the 10-second period 

of si lent rehearsal following thé presentation of the 1 ist S was re

quired to say the digit zero once for 1 second. This I-second inter

ruption could occur at any point during the 10-second si lent rehearsal ~ 

The recal t" score drops down to a half du~ to this interruption. The 

silent rehearsal appe~rs to be of no use as in the Petersons' results 

(1959). Thus the rehearsal explanation of 8rown's (1958) and the 

Petersons' {1959} results does not seem to be very convincing and an 

Interference effect by the interpolated task cannot be entirely ruled 

out. 

Posner (1963) attempts te account for this discrepancy in 

terms of the amount of material to be recal led. 8rown's (1958) two

letter items were better consolidated without overt rehearsal; but 

the Petersons' (1959) thrp.e unrelated letters needed much overt rehearsal 

to become significantly consol idated (Posner, 1963). A simi lar sug

gestion is also made by Murdock (1961) that the number of "chunks" 

(Mi 11er, 1956) or units, rather than the number of items in the to-be

remembered materials, is the important factor in short-term retenti on. 

Murdock, (1961) repeated the Peterson and Peterson (1959) experiment 

with single words or three-words as the stimul i. He"found results 

1 ike the Petersons t (1959) experiment with three-words as the stimul i, 

but very 1 ittle forgetting occurred in the single-word design. This 
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supports the number-of-"chunks" hypothes i s (Mi 11er, 1956). Me 1 ton 

(1963) has confirmed Murdock's (1961) results withl ists of consonants 

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

of the "umber of consonants (chunks) to be remembered. Melton (1963) 

interprets his results as a function of intra-unit int.rference between 

the chunks to be rememberedD Melton's results have, however, been 

interpre~ed in terms of rehearsal during interpolated task as supporting 

a decay theory (Corballis, '1965). Corballis (1965) argues that "the 

major portion of variance (in Mel~on's results) is accounted for by the 

interaction between the number of ~hunks and time" (Corbal lis, 1965, 

p. 14). Further 1 ight is thrown on the rehearsal strategy in recall by 

Sanders(1961). He presented 1 ists 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 visual Iy and found acoustic 

confusions in recal 1 as in auditory presentation under noisy conditions 

(Conrad and Hull, 1964; Conrad, Baddeley and Hui l, 1966; Conrad, Free

man and Hui l, 1965; Wickelgren, 1965a, 1 965b , 1966a, 1966b}D He checked 

that the errors were not perceptual. Conrad argues that the'decay 

theory implies the existence of partial Iy decayed memory traces yielding 

incorrect recalls (Brown, 1958) which are systematÎca,lly, rather than 

randomly, related to the presented stimul i. The results are therefore 

consistent with the decay prediction of STM. 

The èifference between silent and vocal rehearsal has yet to 

be accounted for in interpreting the decrement in delayed recall tasks 
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with interpolated activity (Brown, 1958; Peterson and Peterson, 1959) 

in terms of a decay factor.in STM. Again, there i,s evidence against 

the view of rehearsal servir.g to prevent decay of the trace with time 

(Murdock, 1961; Peterson, 1963). Murdo~k (1961) varied the number of 

items in the 1 ist and the rate of presentation in a running memory task' 

in which S had to report the first and last three words of a series of 

unknown length. Results show a decl ine in the recall of the first word 

with the number of interpolated items, but rate had no effect.'ilThe 

overall time in sto; e did not affect the reca". This go es against the 

decay prediction.and seems io support an interference interpretation. 

Murdock (1963a) presented 1 ists of A-B pairs, requiring S 

to recal 1 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 

length of time. ln another study (Murdock, 1963b) lists of 6 paired-

associates were presented, and either 3 pairs or ail the 6 pairs were 

tested forreca". Recall score decl ined as the number of interpolated 

recalls increased. These results seem to support an interference rather 

than a decay theory of short-term memory. Peterson (1963) presented a 

nonsense syl lable twice, at an interval varying from 1 to Il seconds 
• 

fil led with counting activity. Recal 1 w~s taken after a 6-second interval 

of counting backward fol lowing the two presentations., Results show a 

significant improvement in;:r'e'call with increasing time between the two 

presentations. This is just the opposite of the decay expectation and 

ha rd te explain by a simple decay notion. 

Recently, Peterson(J966a) found another phenomenen' difficult 
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to explain by the decay theory. He presented lists of five paired-

assoc i ates sequent'i a Il y. Reca Il of the items from 1 ast pos i t ions in 

the 1 ist decreased at first as the interpolated activity (reading numbers) 

lengthened, but then it increased. Earl ier items tended to be recal led 

wi th greater frequency as the interva 1 1 engthened. The i ni t ia 1 drop 

in recal 1 could be interpreted as supporting the decay theory; but the 

reminiscence phenomenon counts as more evidence ~gainst the decay theory 

of STM. 

ln ail these conflicting r~sults, however, sorne ambiguity is 

unavoidable sinca there is as yet noindependent criterion for determin-

ing how effectively the interpolated task prevents rehearsal, or what 

other detrimental effects the interpolated materials' might have on recal J 

(Corballis,1965; Keppel, 1965). \-Je have to wait for sorne clear-cut 

results showing ail these factors properly isolated before drawing à'ny 

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) cl'assical attack on the Law of Oisuse, 

although such a concept was known to Ebbinghaus (1885). More recently" 
• 

according to Postman (1961) "Ihterference theory occupies an unchal-

lenged position as the major significant analysis of the process of for

getting. • •• the recent years have seen 1 ittle debate about the basic 

assumptions of the interferènce theory" (Postman, 1961, p. 152)0 This 

statem'ent refers ma i ni y to "( ong-term memory (LTI'4); but the theory has 
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implication for short-term memory (STM) as 'wei 1. In its refined form 

(Melton, 1961;. Postman,1961),.the Interference theory implies that 

e~en the traces resul~ihg from single repetition are "structural" (Hebb, 

1949, 1961) and permanent "except as .overlaid by either the recovery of 

temporarilyextinguished st ronger compeiing traces or by new traces; 

and ••• all per'sistent and progressive losses in the retrievability of 

traces are to be attributed tosuch associative Interference factors, 

and not to decay ot io combination of nonassociativedisruptioM plus 

decay" (Melton, 1963, p. 8). In testing the decay·hypothesis in STM, 

rehearsal is controlled by presenting sorne ta~ks during the r~tention 

interval. But such pre~entation of rehearsal-preventing tasks rnight 

also Interfere with the normal formation of the traces. "According to 

decay theory such Interferences sho~ld, however, be independent of the 

. degree of simi larity between the o~iginal task and the interpolated 

activity" (Postman, 1964, p. 158). Simi larity between the original and 

interpolated tasks, according to the Interference theory, is a cr.ucial 
" 

variable in producing forgetting both in LTM and STM (Postman, 1961). 

ln testing the Interference theoryin STM (LTM as wei 1) simi 1-

arity of the interfering materials is systematical Iy varied; dissimi lar 

rnaterials are presented as a control preventing rehearsal by the subject. 

Experiments on Interference in STM present the interfering materials 

sometimes before (proactive interferenc~) and sometirnes after (retroactive 

int~rference) the presentation of the tes1 materials. Studiesdeal ing 

with the Interference factor in STM wi 1 1 accordingly by discussed under 

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

The simi larity factor in retroactiveinterference (RI) studies 

has been the most controversjal issue in the debate between the decay 

and interference theories in short-terrn memory in recent years (BroaJ-

bent, 1963; Corball is, 1965; pëterson, 1963; Postman, 1964). Decre

ment of reca Il resu 1 ti ng from presentat j on of sorne n!hearsa I-prevent i ng 

dissimi lar materials is consistent with both decay and interference 

theory. Additional loss of retentio'n due to the presentation of mater-

ials similar to the test materials is the prediction made by the inter-

ference, but den i·ed by the decay theory. Resu 1 ts from the cruc i al 

t~sts of this prediction of the interference theory in STM are ambigUous: 

evidence is sometimes in favor of the interference claim, sometimes 

against it. 

An early study (Pil Isbury and Sylvester, 1940) did not find 

similarity of the interpolated task to reduce recal 1; rather the dif-

ficulty of the interpolated task reduced recal 1. Brown (1958) varied 

the similarity of the interpolated task, but did not find any simi larity 

effect of RI in STM. More recently, Pollack (1963), using a memory span 

design for digits, reports a significant interference effect by inter-

polated digits. He found that recall significantly deçreased with in-

creasing number of interpolated items, the rate of presentation being 

constant; while increasing the rate, keeping the amount of materials 

constant, affected recall less. In fact, recall irnproved with slower 

presentation of'the interpolated digits. This was interpreted by Pollack 

as supporting the interference theory in short-term memory. But his 
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results do not necessari Iy indicate a simi larity function of the inter

polated task as there was no dissimi larity-control;' and Ss were encour

aged ta rehearse whenever possible. The greater decrement of recall 

with increasfng number of interpolateddig~ts (rate being constant) 

mi ght have been due to e.ffect i ve prevent i on of rehearsal, rather than 

Interference. More clear~cut results showing a RI sirnilarity effect in 

short-term memory are now available. Mackworth (1~64a) presented digits, 

color:s, shapes or letters forimmediate recall. She found recall to be 

inversely related to the duratjon of a different kind of interpolated 

materials rather 1han the amouni. But in the homogeneous message~ 

(same kind of interpolated material), recall decreased with the length 

of the interpolated message. This indicates that simi larity of the 

int~rpolated materials plays a signficant role in the RI effect in STM. 

More positive evidence for the effect of simi larity is provided 

by Neimark et al. (1965). -Short-term retention of single high- or low

associat.ion value eve trigrams was tested after 0, 3, 9 or 18 seconds 

of interpolated presentation of 3-digit numbers or hi~h-, medium- or 

law-association value eve items. High-association value evcs were wei 1 

·recal led under ail conditions. For law-association value items, recall 

decl ined with increasing similarity of the interpolated items. The 

results support the simi larity prediction of the RI paradigm in STM. 

These results have been confirmed by Schwartz (1966). Digits, evc tri

grams, monosyl labic words, colors and forms'were presented in blacks. 

Each a~ded~ block lowered recall of the preceding black. Retroactive 

loss was greatest when simi~ar materials were presented in two adjacent 
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blocks. 'Simi larity of the interpolated materials plays a significant 

role here, and the 'results support the Interference theory in short-term 

memory. The similarity factor is also found ta impair recaJ 1 in paired

associates studies. Bruning and Schappe (1965a) individual Iy presented 

single CVC paired-associates and tested after 0, 4, 8. or. 16 seconds of 

presentation of numbers, consonants,or CVC pairs. RecaJ 1 varied in

versely with the simi larity of test and interpolated items. A repl ica

tion of the study with sorne modification y~elded similar results 

(Bruning and Schappe, 1965b). These results are confirmed by Brelsford 

et ·al. (1966). S~quences of 4, 6 or 8paired-associa~es were presented. 

Recall decl ined with increasing number of interpolated pairs. The re

sults furnish evidence for significant RI effect in STM.A similarity 

effect on RI is found in retarded subjects (Metzger et al., '1965). In 

this study, retarded Ss were .presented wit~ single words and tested lor 

recall after 16 secon~s of presentation of similar words, instructed 

rehearsal, 1 istening to music, or simple reste Recall was significantly 

poorer,in case of presentation of simi lar words th an other conditions. 

The results::indicate that similarity of the interpolated tas', decreases 

reca Iii n retardates as in norma 1 s. 

Somewhat different results are obtained with letter-sequences· 

as the stimul i. Murray (1966) presented sequences of letters and varied 

the similarity of the interpolated materials, rate of presentation and 

length of stimulus 1 ists. Results show a poorer recal J with more simi Jar 

Interference items (rhymingletters), longer 1 ist length, and with Jess 

time available for rehearsal:. But there was also significantJy more 
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decrement in recal 1 with active calculation of the interpolated digits 

than when merely cal ling them out. The results pose problems both for 

decayand Interference theory. The greater loss of recal 1 under active 

calculation of the interpolated digits is consistent with decay theory: 

the active calculation prevents rehearsal more effectively. But the 

greater decrement ofrecal 1 with more iimilarity of the interpolated 

materials is not accountable by the decay theory; Interference (RI) 

is probably the on~y explanation. But the greater decrement with 'active 

calculation is inconsistent with the interference theory, unless greater 

task-involvement .is assumed to be an interfering situation. Simi lar 

,decrement of recall with greater involvement with the interpolated task 

is reported by Loess and McBurney (1965). They presented word triads 

and consonant trigrams individual Iy and tested after 9 seconds of inter-

, polated taSk, either active (subtraction) or passive (saying digits). 

Recall was best without the interpola~ed task; bu~ 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 sorne evidence for Interference by simi larity of the interpolated 

materJals. Recall was worse ,in a letter-interpolated c~ndition than d 

digit-interpolated conditions. This supports the Interference theory 

(RI). The relation between task-involvement and recall in the results 

of Mur~ay 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 (active or passive). The interpolated task was 

multipl ication of 2-digit number.s by I-digit numbers. In the active 

condition 5s worked out the solutions, and in the passive condition the 

solutions were glven; Ss merely recited them. Recall was poorer when 

the interpolated task was active. The degree of invQlvement in the 

iriterpolated activity seem~ ta be an interfering conditon, unless it is 

explained as a decay situation with effective prevention of rehearsal. 

Probab'ly along the same 1 ine, an interfererice effect of ~ mere expectancy 

of a brief interpolated task (without any apparent interpolated activity) 

is'reported by P~lyshyn (1965). Retention test of a 8-letter display 

was taken after 15.5 seconds. A brief interpolated event (choice reaction 

time for 1 second) occurred at different points (O.5~ 1.5, 4.5 o~ 13.5 

seconds) of the ~etention interval. In the control condition (without 

interpolated event) an expectancy for the interpolated task was maintained.' 

There was not much difference in recal 1 between the interpolated and 

noninterpolated conditions. This indic~tes that expectancy has an inter-

ferenc~ effect. Among the i nterpo 1 ated cond i tians J the drop in reca 1\ 

was the largest when the interpolated event occurred immediately after 

the presentation of the stimulus display. This suggests that consol idation 

of 5TM trace i s, an important factor ta be taken into account. 1 t a 1 sa 
• 

impl ies that retention is not a mere function of time; rather the events 

taking place between the stimulus presentation and recal 1 are important 

variables determining the retention score. The results are inconsistent 

with bath decay and, Interference theories in their present forms. The 

largest drop in recall fol lowing the Immediate occurrence of the inter-
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polated event is no~ quite consistent with the rehearsal prevention 
• 

hypothesis of the decay theory, because the subjects can very we"·re-

hearse during the rest of the interval. Likewise, the similarity hypo-

thesis of th~ retroactive interference theory is not consistent with 

the results of this study, ~ince interpolation afa dissimilar task 

(or mere expectancy of it) impairs reca". But the averall decrement 

inrecall was n~t very large in camparisan ta Canrad's (1960) results; 

and P~lyshyn explains this as due ta dissimilarity of th~interpalated 

materials. 

The acoustic ~nd semantic similarity of the interpalated mat-

erials are alsa found ta proqu.ce a RI effect in 5TM. Wickelgren (1965b) 

auditarity presented sequences of 4. letters and tested after interpolation 

of 8 acoustieal Iy si mi lar or dissimi lar letters •. 5s capied bath the 

stimulus and interpolated letters. Recall was poarer with acaustically 

similar than dissimilar letters interpolated. Results indicate that 

aca.ustic simi larity of the interpolated materialsis mare interfering 

than acoustic dissimi larity. The simi larity hypothesis of the RI theory 

of 5TM (as in LTM) is supported by the results. But the similarity 

factor carried ta a high degree actually facilitates recal l, rather than" 

hindering it. Wickegren faund that whim identical letters are presented 

(in a different order) in the interpolated situation, RI is less in the 

recall of items but mare in the recall of seriai pasitians~ Thase re-

sults have been confirmed by later studies with single ~ansonants and 

consonant sequences as stimuli (Conrad, Baddeley and Hui " 1966; Wick

elgren, 1966b). Baddeley (1966) campared the ac~ustic and semantic 
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simi larity of the interpolated materials in the RI effect ·inSTM. He 

presented sequences of five words, acoustically simi lar or dissimi lar, 

or semantic~1 Iy similar or dissimi lar (adjectives with similar or dif

lerent meanings). Both acoustlc and semantic simi larlty slgniflcantly 

decreased recall; but acoustic simi larity has the larger effect. The 

acoustic sirnilarity effect was confirmed in a visual presentation, but 

the semantic simi larity was note The results lend support to the sim

i larity hypothesis of RI effect in STM in its acoustic sense, and, to 

sorne extent, in its semantic sense also. 

A different kind of interferenceeffect· (input and output 

Interference) is reported by Tulving and Arbuckle (1966) •. They presented 

a single paired-associate item in a fixed position~in a series of simi lar 

pairs, and tested for recall after various interpolated pairs (inputs) 

or recalls (outputs). Recall of the critical item was higher following 

the interpolated recall of two items than fol lowing interpolated presen~ 

tation of two pairs. The results confirm an earlier study (Tulving and 

Arbuckle, 1963) and indicate that input interference 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 both the interpolated presentation and recall is the same, and r~

hearsal is equal Iy prevented in both the situations (perhaps more ef

fectively under interpolated recal 1); the difference in recal 1 of the 

cr i t i ca 1 item cannot be attr i buted to decay. The i nterfer~nce theory 

with. its simi larity hypothesis also cannot account for the difference, 

since the ~imilarity variabJe in both the situations is more or less 
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constant. Greater interference by interpolated information processing 

than retrie~ing pr~viously stored information is perhaps the explanation' 

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

model of STM. 

The evidence so far seems'to be st ronger in,support of the 

similarity hypothesis in the retroactive Interference theory of short-

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

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

in STM. Baddeley and Dale (1966) compared the semantic simi larity ef-

fect on retroacti)/e Interference in LTM and STM with paired-associates 

tests. ln a classical RI experiment on LTM with paired-associates, 

recall was found to be a decreasing function of semantic similarity of 

the interpolated pairs; but semantic simi larity dfd not affec~ recall 
.. 

in the STM test. In the STM -test, sequences of three pairs of adjectives 

were presented and the first two pairs were tested immediately after 

the presentation, the third being the interpolated pair. Similarityor 

dissimLlarity of the interpolated pair did not affect recall. In another 

experiment of the series, increasing list-length (2,4 or 6 pairs) was 

used, but no evidence for RI effect in STMwas found. The results show 

'that semantic simi larity has no RI effect in STM, although it has sig-• 
nificant RI 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 inter~eries item-similarity and the 

difficulty of the interpolated task. Within-series item-similarity and 

time in stdre were found to ~impair retention more than simi larity and 
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difficulty of the interpolated tasks. The results indicate that inter~ 

item interfere~ce of the storedmaterials is greater than Interference . 

of the interpolated :task. Simi larity affects recall ; but not the sim ... 
~---

i larity of the interpolated task,rather simi larity between the stored 

items produces the decrement. The results question the raie ~f simil-

arity in the RI effect in STM. 

This negative evidence (Baddeley and Dale, 1966; Brown, 1958; 

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

for before drawing any conclusion regarding the simi larity hypothesis 

~f retroactive Interference in short-term memori. 

Proactive Interference 

ln the proactive situation, the interfering materials are 

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

usually taken without any further' interpolated task, although sorne inter-

polated tasks are occasional Iy used. The similarity variable is stressed • 

in proa~tive Interference (PI) effect as weil, and similarity of the 

proactively presented interfering items is systematically varied in PI 

studies. Experiments with pos~tive PI effect are quite numerous; but 

negative evidence is ,not lacking. 

Keppel and Underwood (1962) demonstrated the PI effect of the 

~umber of previous trials with similar items in an essential Iy RI study 

of STM. S.ingle consonant trigrams were individual Iy presentedand 

tested for recal 1 after 3, 9 and 18 seconds of interpolated task of 

counting backward by threes: Recall declined with increas~ng number 
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of previous trials. Keppel and Underwood varied the degree of initial 

learning and the number of prior items in a single list, and foundthat 

forgetting increased as a function of the number of previous items pre-

sented •. The resu 1 ts are i nterpreted in terms of PI effect in 5TM. as in 

LTM. Proacti've inhibition mounts up as practice with sim'ilar materials 

continues. 

Wickenset al. (1963) presented single consonant trigrams or 

3-digit numbers after various amounts of prior practice with similar 

or different kinds of mat.erials. Test of the critical item was taken 

after Il seconds 'of interpolated color-naming task. Recall of the 

critical item decreased with increasing prior practic~ with simi lar mat-

erials; prior practice with dissimilar materials did not affect reca". 

The results show a significant similarity-function in the PI effect in 

5TM, and confirm the Keppel and Underwood results. These results 

(Wickens et al., 1963) have been recently confiimed by Hofe~ (1965) 

with simi lar techniques using both consonant trigrams and word-triads. 

Loess (1964) reported simi lar PI effect in 5TM with increasing prior 

practice with simi lar materials. Twelve consonant trigrams were in-

dividually presented and tested after 9, 18 and 27 seconds of inter-
,. 

polat~d counting backward bythrees. Recal ~ decl ined with increasing 

number of prior items. The results indicate PI effect in STM, ana con-

firm the Keppel and Underwood study. ln another experiment, Loess 

presented c6nsonant trigrams individually and tested after 3,9 or 18 

seconds of counting activity. 5s took two more sessions (each three 

weeks apart) with additional materials. The results show a significant 
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Pl effect as a function of the number of prior trials with similar 

materials. Loess concludes th'at PI operates both in LTM and STM in the 

same fashion. He further suggests that ~uch of the forgetting result

ing fromthe Peterson and Peterson (1959) methodis probably due to 

proactive inhibition from prior trials. 

Although most of the PI studies reparted positive evidence 

for PI effect in STM, sorne exp'eriments reported negative results. 

Murdock (1964) presented 1 i,sts of six paired-associates (common Engl ish 

words) and tested at 1-3 seriai positions at' 6-10 seconds of retention 

interval. The results do not sho.w any s!gnîficant decrement in recall 

as a function .of stage of practlce, and there is no evidence for PI 

effect in STM. Conr.ad and Hull (1966) sequentially presented series of 

4 letters (~onsonants) and tested for ordered recall after slow or fast 

presentation of a fixed number of interpolated digits. Although recall 

errors decreased. significant!y with slower presentation of interpolated 

digits (greater rehearsal), the results do not show any significant PI 

~ffect from previous trials (seriai position intrusion). In fact, the 

seriai position intrusion decreased with increase of retention interval: 

just the opposite of Keppel and Underwood PI prediction of increasing 

recovery of previous associations (more PI) with time. Slmi lar negative 

results are reported 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. Recall was taken (in each test) after 0, 3 or 9 seconds 

of counting 'backward by threes. Recall was better with longer (16 seconds) 
• 
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intertest interval; intrusions were smaller. This lack of proactive 

intrusions impl ies forgetting of the previous items probably due to 

RI by later items. But the same RI effect should work as PI for the 

~ubsequent lists. The results suggest that RI effect ii the stronger 

of the two interference situations (RI and PI). However, the lack of 

intrusions,and henceof·PI, questions the PI hypothesis in STM and 

raises doubt about the results of Keppel and Underwood (1962) and Loess 

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

clusion about the PI 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 PI and RI 

effects in STM is in order. Tulving and Thornton (1959) presented lists 

of 16 dissyllabic Engl ishwords. The learning' of each 1 ist was pre-

ceded and fol lowed by learning of other comparable 1 ists. Ss recal led 

. as many words as they could after la minutes of interpolated activity 

(Shipley-Hartford Abstraction Test). The results show that the number 

of prior 1 ists (PI) did not affect recal l, whi le the increasing number 
• 

of subsequent 1 ists significantly decreased recall (RI). This indicates 

that RI is significant in STM, PI is not. But a recent comparison be-

tween RI and PI yields opposite results (Goggin, 1966). Two 1 ists of 
); 

paired-associates, each of 2 pairs of CVC trigrams and words, were ser-

ial Iy presented and tested after 6, 22 or 40 seconds of number-reading 

task. Whi le there was neither PI nor RI with positive transfer, PI was 
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greater than RI with negative transfer. However, more light is shed on 

the relative strength of PI and RI in STM by Wickelgren (1966b), uSing 

single consonants as stimuli. Acoustical Iy simi lar consonants were 

aurai Iy presented. Subjects copied a 1 ~st of PI letters, then copied 

a single critical letter, .andthen copied a Rllist of letters; and 

recall of ~he critical .item followed. The length and phonemic similarity 

of the PI and RI 1 ists were varied. 80th PI and RI effects were sig

nificant and increased with increasing phonemic simi larity. RI increased 

with increasing 1 ist~length, but PI did not tncr~ase beyond 4 letters. 

Thfs could be explained by assuming that decay i~ confounded with RI, 

but PI is a pure associative Interference situation. This contention 

is supported by the fact that bath PI and RI increase with phonemic 

similarity. This demonstrates significant p~oactiveand retroactive 

inter~erence in sh~rt-term memory. The results are interpreted by 

Wickelgren ta be consistent with parai lei PI and RI effects in LTM o 

Ta- summarize, the positive evidence for the simi larity effect 

in both PI and RI in short-term recall is greater. But the negative 

results have ta be adequately accounted for before drawing any conclu

sion about the role of Interference in short~term memory and in re~ 

solving the controversy between the decay and Interference theories in 

shert-term memory. 
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Recognition Memory 

Comparison between Recal 1 and Recognition 

"" Recognition has consistently been found ta yiel-dhigher. scores 

than ail forms of recall (Brown,1965; Hall ingworth, 1913; Luh, 1922; 

Postman, Jenkins and "Postman, /948; Postman andRau, 1957). The super-. 

i ori ty of recogni tian aver recall has recent 1 y been chail enged by Dav is " 

Sutherland and" Judd (1961). They argue that this apparent superi6rity 

of recognition over recall is because of a smal 1er number of alternatives 

ta chaasefram in the conventianal recognition task(multiple-choice) 

than in recal 1. If the number of possible alternatives ismade equal 

in both tecall and recognition, much of the difference between them 

wauld disappear. In a test of thishypothesis, they presented lists of 

15 two-digit n~mbers and 15 two-Ietter syl lables once, and then asked 

the Ss ta recal 1 or recognize the items presented. Recognition was 

taken out of a 1 ist af 30, 60 or 90 alternatives; recall was from an 

ensemble af 90 possible alternatives. The results show that the amount" 

of information transmitted in the recognition canditions t~nded to in-

crease as the number of alternatives increased. Performance scores, 

transformed into information measures, show that as much informatiorr' 

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

the superiority of recognition over recal l, normally found, is mainly 

due t~ larger number of alternatives to choose from in recal 1 than in 

recognition. When"the number of alternatives is equal, recognition is 

no bette/" than recall. Thi"recognition score depends not only on the 
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number, but. also on the nature of the alt~rnatives used. Dale and 8ad-

deley (1962) presented 15 two-digit numbers between 10 and 100 to 100' 

Ss at the rate of 5 seconds per item. Ss wrote down as many numbers 

as they remembered •. Two sets of 15 two-digit numbers were then con-

• strOcted from the errors. of intruéions; one setconsisted of the most 

frequent, and the other of the least frequent intrusions. These two 

sets of numbers were then used as incorrect alternatives in two recog-

nition t~sts. The original .15 test-items werepresented to twogroups 

of fresh subjects. One group took the recognition test with frequent 

intrusions and the other group with infrequent intrusions as the in-

correct alternatives. The recognition score for the rare intrusion 

group was significantly higherthan the frequent intrusion group. The 

difference between the original recall score and the recognition score 

with frequent intrusions was v~ry small 0 Dale and Baddeley conclude 

that recognitinn memory·largely depends on the identification of certain 

characteristics of the items. When the :ncorrect alternatives possess 

simi lar characteristics (frequent intrusions), recognition abil ity de-

cl Ines; and much of the difference between recall and ~ecognition 

dis~ppears. 

Scores on recal 1 and recognition depend also on the memorizing 

strategy used by the subject. Eagle 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 ~equired to respond to each word by indicating whether 

. it was a noun, or verb, or ~djective (incidental); and the third group 
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had to both remember the words and perform the orienting task. Recall 

was better in the first group (intentional), but recognition was better 

i n' the other two groups. The super i or reca l,lof the i ntent i ona 1 group 

is mainly due to use of'a memorizing strategy (e.g., grouping,'rehear

sing etc.). The resultsinditate that recall and recognition require 

somewhat different learnirig operations. Recall requires organization 

and rehearsal, while recognitionrequires responding to the featur~s 

and characteristics of the itemi. 

Lachman and Field {1965} show that recognition is superior 

to ~ecall only at the early stage of learnin~; with increasing degree 

of training much of the differènce disappears. Independent groups of 

Ss received 1, 2, 4, 8, 16, 32, and 128 presentations of a 50-word 

sequenttal list with close approximation to English proseo The recal 1 

group wrote down as' many words as they remembered. 1 n the recogn i t i on 

test, the test-items we~e 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, reéall is uniformly superior to recognition. Recognition errors 

decl ine rapidly after the first trial. The authors take this to in

dicate that recognition consists in el iminating the incorrect alterna

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

cause of the apparent superiority of recognition 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 reporfed by Lachman, Laughery and Field (1966) 
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• 
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in a similar study. The method was simi lar to that of the previous study 

(Lachman and Field, 1965) exc.pt that the words in this study were pre

sentedin a random order. Theresults show that recognition was superior 

to"recall for most of the range of training. But with sufficiently· 

intense training (128 t~ials)~recall surpassed recognition. The results 

suggest that comparison of recal 1 and recognition f6r sequenti~1 Iy de-

pendent stimuli (Lachmanand Field, ·1965) may be inappropriate. Recog-

nition is typically insensitive to seriai or~anization, while sequential 

dependency,"organization and rehears~1 are highly effective for recal 1. 

The superiority of r~cal lover recognition ~fter a fewtrials in the· 

Lachman and Field study might have been due to those organizational 

facotrs favorable for recal 1. 

A depressing effect of recal 1 on recognition was reported by 

P~stman, Jenkins· and Postman (1948). In a nonsense syl lable experiment, 

recognition ~as foun~ to be poorer after recall than before recal 1. 

Recall after recognition, however, was found to be superior to 

rec"all befbre recognition. Recently, Hanawalt and Tarr (1961) show 

that recall has no depressing effect on recognition; rather it fac-

il itates recognitiDn. Lists of statements ending in adjective-words 

were presented fora true-false test in an incidental learning situa-

tion. The terminal adjectives were tested for recal land multiple-

• choice recognition. Recognition was taken immediately following recall 

and 48 or 52 hours after recall. The recal 1 groups produced higher 

mean-recognition scores than the nonrecal 1 groups. There is no evidence 

of a depressingeffect of rècall upon recognition in the results. In 



.' 

-37-

the delayed recognition groups there was of ~ urse a faci litation effect 

of recall upon recognition., These results are confirmed b)' Brown (1965), 

ln a "missing scan" experiment recognition was found to improveafter 

severa 1 attempts at re·ca Il. The resu 1 ts show an overa Il super i or i ty of 

recognition over recal l, either before or after recal 1 • 

. Partial-Iearning Model of Recognition 

McNulty'(1965a) compared different measures nf retention (se~ial 

anticipation, reconstruction, unaided recall and recognition) andfound , 

retognition to yieJd the highest score. He explained this apparent sup

er i 01 i ty of recogn it i on as an art i ·fact of the ,1 earn i ng operat i on. He 

argued that recognition does not require learning of the complete items 

or their seriai order. Only sorne partial characteristics or features 

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

test. But ail forms of recal 1 require a complete learning of the whole 

items to be correctly recalled. Comparison of recal 1 and 'recognition 

is therefore pointless. Such a partial-I·earning characteristic ·of re

cognition memory was also indicated by Dale and Baddeley (1962) and 

Lachman and Field (1965). This partial-Iearning nature of recognition 

prccess has been further analyzed and confirmed by restricting the op

portunities for partial-Iearning in the recognition test (McNulty, 1965b). 

Lists of items of there different orders of approximation to Engl ish 

(first, third and text order) were presenteci.Retention was tested' after 

each presentation either. by recal 1, or standard recognition, or restricted 

recognition. An, equal numbe~ of new itemsfrom the same order of approx-

. ' 
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imation was mixed up with the olditems in the standard recognition 

test. In order tolimit the effectiveness of parti~I-learning, the 

restricted recognition test contained 'incorrect alternatives differing 

fromthe original items in only one letter (structural partial-Iearning)~ 
, , , 

The difference in retentionscore between restricted recognition and 

recall was much smal 1er than between recal 1 ~nd standard recognition. 

The results show that when oppo~tunities for partial learning tobe u~ed 

in recognition were restricted, mtich of~the diffe~~nce between recal 1 

and recognitiondisappeared. The results support a partial-Iearhing 

model of recognition memory. 

The remaining"difference between recall and recognition afte~ 

el imination of partial, learning plobabi 1 ity (McNulty, ',1965b) wasfurther 

suggested by McNulty (1966) to be due io ~ mediational association aroused 

by the ~timulus items. lri spite ,of the structural simi larity between 

correct and incorrect alternatives, the correct items may be recognized 

if their mediational associations differ from that of the incorrect 

al~ernatives. This associative-type of partial-Iearning was found to 

account for sorne of the difference between recal 1 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-Iearning. Sorne of the 

difference between recal 1 and recognition again disappeared; but the 

difference between standard ànd restricted recognition was smal 1. This 
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could be due to greater effectiveness of structural-type of partial-' 

I~arning than associative-type; and the structural, type of partial

learning was not varied in this experiment. Accordinly, another exper-

iment of the study was designed to vary both structural- and associative

type of partial-Iearningsimultaneously. Eight-Jetter sequence~ of first 

order of approximation ta Engl ishwere used as stimul i. The structural 

similarity between correct and incorrect alternatives was obtained by 

having them differ only in oneletter. To provide' common mediational 

association ta the correct and incorrect alternatives, paired-associate 

training was given to ail the alternatives with the same meaningful words. 
,-

Stimulus items of the paired-associate 1 ists were tested for recognition 

in-four different, ways: (1) standard recognition (afternatives differ 

both in structure and association), (2)' restricted recognition--struc

ture (c~rrect and incorrect alternative~ differ in only one letter), 

(3) restricted recognition--association (alternatives have common med

iational association), and (4) restricted recognition--structure and as

soçiation (alternatives have both similar structure and common mediational 

association)o A control group was given the recal 1 test. The results 

show that the difference between recal 1 and recognition was less when 

structur~l-type of patial-Iearning was controlled than associative-type.' 

But when bath the structural- and associative-type of partial learning 

were restrict~d simultaneously, the difference between recal 1 and recog

nition was insignificant. These results were interpreted by McNulty as 

,supporting a partial-Iearning model of recognition memory. A similar 

suggestion of partiallearnihg in recognition memory was made by Postman, 
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Jenkins and' Postman (1948). Postman et al. analyzed the recognitio~ 

error's (false posit.ives) and found that items with cne or two common 

letters were mnreoften chosen than items with comp1etely differènt let-, 

terse They concluded that sorne partial features are still remembered 

even when the whole item is not recognized. 

Whatever tl:le nature of recognition-memory, we might wonder' 

whether th i s trend of super i or i ty of recogni t ion over reca Iii s appl icabl e 

to short-term memory as wei 1 • And the same controversy between decay 

"and i nterfer.ence theor i es cou 1 d "be ,ra ised, .forshort-term recogn i t i on .. ,', 

memoryalso. 5hort-term recognition memory (,5TRM) has not beenso,ex-.' 

tensively studied; nevertheless, sorne data are availableo 

5hort-term Recognition Memory 

Korn and Jahnke (1962) made a camparison between recal 1 and 

recognition in short-term memory for digits, consonants and nonsense 

syl lables of high and low association values. Immediate memory of these 

materials was measured first by recal l, and then by-recognition for half 

of the 5s. This procedure was reversed for the other half of the 5s. 

Recognition scores were higher than recal 1 scores. Recognition span 

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

i lar for consonants, high--and low-association value' nonsense syl Jables. 

The results indicate that a simi lar relationship holds between recall 

and recognition in short-term memory as in long-term memory. 

The decay characteristic of short-term recognition memory for 

3-digit numbers was studied tly Wickelgren and Norman (1966). Lists of 
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two ta se ven items were presented at the rate of one item per second. 

Every seriai position was tested. A single 3-digit number was presented 

in the recognition test. The'Ss had to say "ye~" or "no" indicating 

wheiher the item was included in the stimulus.list. 5s rated their con-

fidence in the decision on ~ 5-point scale. The results. show that STRM 

decays exponential Iy with the number of subse~uentl.y presented items. 

Similar result$ are reported by Wickelgren (1967) in a study of short-

term recognition memory for seria.1 order. A series of 12 digits was pre;.. 

sented in each trial. A:pair of digits was presented in the recognition 

test in which S made a "yes--no" decision r2garding whether the response 

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

in the list just presented. The Ss made a confidence judgment of their 

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

STRM for seriai order. Wickelgren interprets this decay to be exponential 

in nature. The rate of decay in 5TRM for seriai order is found to be 

quite similar·to that obtained in STRM for items (Wickelgren and Norman, 

1966}o This suggests that both item memory and serial-order memory 

are performed by the same memory system: inter- or intra-item associationo 

Retroactive Interference in short-term recognition memory op-

erates in the same way as it does in. short-term recal 1 memory. Wickelgren 

(1966a) found that phonemic simi larity of the interpolated materials pro-

duces the RI effect in 5TRM as in 5TM. A single letter was presented, 
• 

followed by twelve acoustical Iy simi lar or dissimilar letters (sequential 

presentation). Then a single letter was presented for recognition test. 

The subJects responded "yes"·o~ "no" ta the test item indicating whether 
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it was identical with or different from the origin~l· stimulus item. 5s 

rated their confidence in t~e judgment on a 5~point scale. Recognition 

. was poorer When interpolated letters were acoustically simi laI" to 'the 

stimulus item. The results support the similarity function of the RI 

hypothesis in short-term recognition memory. This suggests that RI op

erates in recal 1 and recognition memory in the same way. An analysis 

of the recognition errorsfurther confirms this suggestion~ False 

recognitions are analogous to intrusions in r~cal 1 studies, viz., they 

t~nd to be acoustical Iy simi lar to the correct items (Conrad, 1964; 

Wickelgren, 1965a, 1965b). A similar RI effect is observed in 5TRM for 

pitch (Wickelgren, 1966c). 5s listened to a standard,tone, fol lowed by 

an interference tone. Then a comparison tonewas presented for2 seconds, 

fol lowing whi~h 5s decided whether the standard and comparison toneswere 

same or different. 5s rated their cDnfidence on a 5-point scale. The 

results show that recognition of the standard tone becomes poorer when 

the interval between the standard and comparison tones is fi lied with 

an interference tone, and the duration of .the interference tone is in

versely related to the recognition'scoreo This supports an RI inter

pretation of sh6rt-term recognition memory. 

As in short-term recal 1 memory, the controversy between decay 

and inte~ference in short-term recognition memory also has to be left 

unresolvedo The evidence for retroactive interference' in 5TRM is greater; 

but the decay effect is also observed (Wickelgren, 1967; Wickelgren ~nd 

Norman, 1966). Further evidence is required before drawing any conclusion' 

about the controversy. 
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On the other hand, persistence of short-term recognition memory 

after rong delay and considerable amount of intervening materials is an-

other phenomenon to be explained by a memory theory. Shephard and 

Teghtsoonian (1961) found recognition to be aboye-chance after as many 

as 60 interpolated presentations. A large s~quenc~ of 3-digit numbers 

was presented. Each number occurred twice in the sequence after varying 

intervening numbe~s.Subjects responded to each number as "old" or "ne~1 

indica~ing whether or not theysa~the numbe~ before. Ss proceeded at 

thelr own speed (but were not allowed to 160k back on ~ny item), and 

the delay between presentation and test of each item was .operational Iy 

defined' in terms of the number of· interv~ning items. The percent~ge of 

correct responses dropped from 100% at zero.delay ta 56% after 60 inter-

v~ning presentations. But eveft after su ch long delays correct recognition 

wa~ wei 1 above false recognition (recognition errors). This indicates 

a resistence of recognition rn~mor~ 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 Qld and one new, were 

paired on each of the recognition-tests trials. Subjects were to indi-

iate which of the two numbers they saw before. The results show that 

the number of correct ~hoices decreased with increasing delay since the 

ea~1 ier presentation of the old number. Simi larity between the two 

numbers of the test pairs impaired recognition score. Thisinterference 

effect was smal 1er than the corresponding decay effect. But the ac-

curacy of recognition was wei 1 above chance-Ievel even after 50 inter-

vening choices. This again suggests a persistence of recognition memory 
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after massive Interference (RI and PI) and' long delay. These results 

pose a problem for both decay and Interference theories of short-term' 

memory. 

Persistence of recognition memory is also reported by Schwartz 

and Perkins (1966). They presented a series of twenty-five 3-digit 

numbers or random combinat ions of typewriter symbols (3 at a time) for 

recognition test. Two items,one new and one old, were presented in the 

test sequence. Subjects indicated the old item in each pair and studied, 

the new item for a subsequent test. While recognition was better at 

shorter intervals, both numbers and symbols were recognized w~th above-

chance accuracy after as many as 50 intervening responses, although 

chance-accuracy on the symbols after a few intervening items was expected. 

This persistence of recognition memory cannot be explained by either of 

the theories, decay or intirference. But another experiment of the 

series shows that introduction of two common' elements in 50% of the items 

(symbols) reduces recognition to a chance-Ievel. This supports an inter-

ference hypothesis in short-term recognition memory. On the other hand, 

common elements in a fraction of the new items (Iess Interference) facil-

itates 'recognition of the old items. This is probably due to a sharp 
• 

contrast between the old and new items. Schwartz and Perkins conclude 

that interfer~nce is the stronger factor than decay in short-term re

cognition memory as in short-term recal 10 

However, the persistence of short-term recognition memory after 

long delay and considerable Interference demonstrated by ~hepnard and 

Te~htsoonian (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 memory. This has to be adequately explained before offering 

a good theory of memory, short- or long-term. 

The ,Present 1 nvest i gat i on 

This investigation was designed to compare the decay and inter

ference processes in short-term recognition memory for visuallypresented 

stimul i. A decày situation was arranged by introducing a delay between 

presentation and test ,without any interpolated task. The int~rference 

condition used interpolated tasks of a simi lar nature between presenta

tion and test. Di~simi lar materials were interpolated as a control for 

decay in order ta prevent rehearsal during the intervening period between 

presentation ~nd test. 

Seven experiments are reported. Presentation of the stimul i 

was sequential in ail the experiments. The recognition test in the first 

two experiments was a binary-choice type: the correct and incorrect alter

natives being sequentially presented in a random order. A multiple-choice 

type of recognition test was used in Experiment III. The correct and in

correct alternatives were'presented together in a random arrangement. 

Experiments IV to VII used a 3-alternative forced-choice test for each 

stimulus item sequential Iy presented. 

The experimental paradigm was to test 6 ind~pendent groups of 

subjects in each experiment(except Exps. VI and VII). Group 1 was tested 

'immediately after the presentation of the stimuli in order to assess the 

extent of short-term recognit"ion memory without any decay or interference 

". 
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(decay resul~ing from the time taken by th~ presentation and test and 

the interitem Interference were assumed to be commen in ail cases). This 

group also served as a control for both decay and Interference. Group 2 

took the recognition.testafter an unfi lied delay interval fol lowing the 

• stimulus presentation (a decay situation with rehearsal allowed). Group 

3 was presented with a series of dissimi lar items (apparently to betested) 

in order to prevent rehearsal during the intervening period between pre-

sentation· and test. This group also served as "dissimilarity control" 

. for "simi 1 ar i ty~i nterference" group (Group 4). Group 4 rece i ved two 

series of similar items but was tested for the first series only. Ss 

were given the impression that al 1 th~ materials would be tested. This 

group was assumed to be the retroactive Interference (RI) grou~; Group 

5 was the opposite of Group 4: a proactive Interference (PI) situation; 

recognition test was taken for the second series of items. Group 6 was 

the "dissimi larity control" group for PI; the first series was the dis-

similar items, the second seriesbeing the test stimul i.· 1t was hoped 

that the relative importance of decay and Interference processes as cause 

of forgetting in short-term recognition memory could be determined by a 

cross-comparison of the performance of these different groups. 

The different experiments varied the nature of the recognition· 

test, the rat.e of presentat i on, the durat i on of the de 1 ay i nterva 1, and 

the amount of interpolated materials. The mean-recognition scores (cor-

rected for guessing wherever appropriate) were used as measures of short-

term retention in different conditions • 
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THE EXPERIMENT5 

Experiment 

This was an exploratory experiment designed ta develop a 

technique ta study the operation of,decay~nd interfere~ce prpcesses in 

short-term recognition memory. 

Method 

Subjects 
.. 

5ixty paid subjects (21 male and 33 female) participated in 

the experiment. The~ were div!ded into 6 groups of 10 5s each. The 5s 

were col lege or high school students ~etween 16 and 22 years tild. 

Apparatus and Materials 

Ten law-association value (0 ta 20%) nonsense syl lables (Hi 1-

gard, 1951) constituted the stimulus items. Another set of simi lar • 
(common initië!1 I.etter) law-association value (0 ta 20%) nonsense syl-

lables was used a~ the interference items. Ten 3~digit numbers, selected 

from a table of random numbers, were the dissimJlarrehearsal-preventing 

items. Thirty new (0 ta 20%) nonsense syl tables were randomly mixed up 

with the stimulus and Interference items ta iorm a sequence of fifty 
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alternatives in the binary-choice retognition test. Alli tems were ". 
sequentially presented by a si ide projector ontoa white screen. Each 

item occurred on a separate si ide {black on white). The rate of pre-

sentation was controlled by a Lafayette>. e"lectronic timer connected with' 

the projector. The distance between S'and the,screen was'IO feet; and 

the projected size of the letters or digits was' 2 1/2 X 21/2 lnches • 

• Procedure 

The test consisted of two parts, a presentation part and a 

recognition part. Ail Ss were individual Iy tested. They were told that' 

the expe'riment was a recognition-memory test. Ss were instructed to say 

the letters or digits of the items in the presentation ~art. The recog-

nition part required them to respond "yes" or "no" to each of the alter-

natives indicating whether they saw the item in the presentation series. 

Subjects were instructed not ta count the number of yeses or noes, and 

nothing was said about guessing. As a result, the number pf yeses or 

noes for any subject was unrestricted (within the 1 imii of fifty). E 

recorded S's responses on a sheet cQntaining the alternatives arranged 

in the same order. Any missed item was considered as an error. The 

rate of presentation for ail items 'was 3 secondsjitemwith an interval 

of 1 second between items. 

Six grbups of subjects received si~ different treatment con-

ditions as outl ined below. 

Group 1: This group took the recognition test immediately 

after the presentation of the stimul i. The termination of the stimul i 
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was marked by'a plank flash on the sereen. A question mark (1) appeared 

on the screen to signal the beginning of the recognition test. 

Group 2: Th~ recognition test was taken after a delaY,of 40 

seconds fol lowing th('pres~ntatJon of the stimul i. The projector was 

turned off during the delay interval and 5~ rested. There was no spe-

cific instruction about, the rest interval. 5's rehearsal wastherefore 

uncontrolled. After the delay, 5 was given a ready signal and the pro

jector wasturned on. The test signal (1) appeared'and the recognition 

test followed in the same way. 

Group 3:, Two sequences of stimuli were presented;, the non-

sense syl lables were fol lowed by a number'series. The two series were 

separated by a blank flash on the sereen. 5s were told that either the 

nonsense syl lables or the numbers would be test~d, depending on whether 

they saw the symbol 1L or 10 before the re,ognition test. The testwas ' 

of course always on the nonsense syllable series. 

Group 4: Two series of simi lar nonsense syl lables were presented 

with the instruction that either first or second series would be tested, 

depending on whether the test symbol ?I or ?II appeared. The test was 

always on the first series. 

The duration of the interpalated task in both Group 3 and Group 

4 was 40 seconds. 

Group 5: This group was just the opposite of Group 4. 5ubjects, 

received the same instruction asin Group 4, but the test stimuli occurred 

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

Group 6: The numoer series was presented first fol lowed by 
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.the nonsense syl lable series. 5s were told that either of the series 

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

sense syllables). 

Results 

The number correct (out of ten) was taken to be the recognition 

score. 5ince the nyes,-no" choice was out of 50 alternatives, individual 

differences in recognition-error was quite .Iàrge. The following formula 

was derived for the correction for guessing in the recognition ~cores. 

.. 

Assume that 5 actual Iy recognizes x items ~nd randomly 
guesses another y items. d 

He guesses then from a pool of 50 - x . 

Expected number of correct guesses = 10 - x • y 
50 - x 

. Expected number of incorrect guesses = 40 
.50 - x 

x'+ 10 - x 
50 - x 

40 
50 - x 

y = R (numbe~ right) 

y = W (number wrong) 

50lving for x: 

x + 10 - ~~ X 50 - x . 
50 - x 40 

x + 10 - x W = R 
40 

x - Wx = R - j! 
40 4 

x = 4R - W X 40 
4 40 - W 

W = R 

• y 
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x = 40R - 10W 
40 - W 

(formu 1 a used) 

The mean and standard deviation of the corrected scores for 

the different groups are presented ln Table 1 (a). A one-wayanalysis 

of variance was carried out on the corrected scores. The F ratio (7.05; 

df: 5,54)' is highly si.9nificant (p<.OOI). A summary of the analysis 

of variance appears in Table A of the Appendix. Following the analysis· .. 
of variance,·Duncan's New Multiple Range Test (Edwards, 1960) wasused 

for individual compari·son of the group-means. Table 1· (6) summariz~s 

the comparison. The comparison shows that. performance in the si mi larity 

PI group (Group 5) is significantly poor~r than ail other groups,except 

simi larity RI (Group 4). Recognition in the simi larity RI group (Gr~up 4) 

is significantly poorer than its "dissimi larity control" group (Group 3j 

an~ the delay group (Group 2).· The difference betweenthe dissimi larity 

PI group (Group 6) and the delay group (Group 2) also turns out to be 

significant. This ·shows a PI effect e~en with dissimi lar items. The 

di fferenc.e between the i mmed i ate-t est and de 1 ayed-test groups was not 

significant; nor was the delayed (rehearsal al lowed) group significantly 

different from the dissimilar interpolation (rehearsal prevented) group. 

This indicates that neither decay nor rehearsal seems to have any signif-

icant effect o~ short-term recognition memory. Only the simi larity-inter

ference (retroactive and proactive) factor seemsto significantly decrease 

STRM. 

As the I~ems of the interference series were included among the 

recognition alternatives, a discrimination of the 1 ist-membership of each 
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Table 1 (a) 

~roup Means and Standard Deviètions of the RecDgnition 

Scores (Corrected for Guessing): Experiment 

Group Mean . Standard Deviation 

Immediate 6.26 1 .94 

Delay 7.10 1 .62 

Dissimi lar RI 7.72 1 .51 

Simi lar RI .. 4.82 2.21 

Simi lar PI 3.10 1.89 

Dissimilar PI 5.56 2.06 
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Table 1 (b) 

Multiple Comparison of Group Meàns by Duncan's 

New Multiple Range Test: Experiment 1 

Group 2 3 4 5 

Immediate 

Delay 

Dissimi lar RI 

Similar RI . p<.05 p<.OI 

Simi lar PI p<.OI p<.OI p<.OI 

Di ssimi 1 ar PI 

6 

. p<.05 

p<.05 

p<.05 
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Table 1 (c) 

Mean Errors of Recognition fram the Interference and New 

Items of the Recognition Alternatives: Experiment 

Group 1 nterference Items New Items 

1 : Immediate 6.30 6.30 

2: Delay 3.30 3.80 

3: DissirÎlilar RI 5.70 6.10 

4: Simi lar RI II .10 5.50 

5: Simi lar PI 1 1 .10 6.10 

6: Dissimi lar PI .5.70 5.90 



, 

• 

.' 

-55-

item was required for its correct recognitlon. An analysis of the 

recognition errorswas therefore carried" out .in ~rder to determine 

whether the interferenceitems were more frequently chosen than the new 

·items. The mean num~erof items chosen from the Interference anq new 

ser i es by di fferentgroups i s presented in Tab 1 e 1 (c). As the number 

of new items among the recognition alternatives was three times larger 

than the Interference items, the error-scores from the Interference items. 

were mult"ipl ied bythree to equate the probabil ity of choice of items 

from both categories (interference and new) of incorrect alterna~ives. 

A two-way analysis of variance for repeated measures (interference items 

and"new items)was carried out on the error-scores. The main effect as 

wel1 as the interaction between the groups and repeated measures (inter- . 

ference items and new items) is highly significant (p<.OOI).A summary 

of the analysis of v.ariance appearsin Table B of the Appendix. Following 

the analysis of variance, the t-test "was applied for the individual com

parison of the repeated measures in each group. The difference between 

the Interference and new items chosen was highly significant (p<.OI) in 

"the two simi larity-interference groups (Groups 4 and 5). The difference 

between the Interference and new items in ail othergroups was insignificant • 

used. 

. 0 i scuss ion 

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

The recognition performance in the delayed-test group is better 

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

factor counteracting the deciy effect. But the recognition score for the 
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rehearsal-prevented group (dissimilar interpolation) t~rns out ta be 

sti Il higher. Alth~ugh the difference is not significant, this does not 

support the rehearsal-strategy hypothesis~ The better performance in 

the delayed-test groups (blank or dissimi~r interpolation)is perhaps 

due ta consol idation operating during the delayinterval whife no si~i lar 

interfering"materlal is presented. This consol idation factor counteracts 

bath· decay by the delay interval and Interference by the dissimi lar 

materials. 

The results, however, show asignificant Interference effect 

by simi lar materials (retroactive and proactive). Groups 4 an~ 5 (simi lar 

Interference, RI and PI) yielded the lowest scores. But proactive inter-

ference seems to be stronger than retroactive. The simi larity Pl group 

yielded consistently poorer recogniti~n scores ~han ail other groups. 

The RI effect is not consistent: the similarity RI group (Gro~p 4) is 

not significantly different from other non-Interference groups except 

its dissimi larity control (Group 3). This inconsistency in the RI effect 

might have been due ta associatianal factors resulting from the long 

exposure duration per item (3 seconds/item) used in this experiment. 

On the other hand, the PI effect even with dissimi lar materials is 

significant. Performance in the dissimilar PI g~oup (G~aup 6) is signi-" 

ficantly poorer than ~!I other non-Interference groups except Group 1 

(immediate). 

The immediate-test group, for some reason, has a" very low per

formance score. This is perhaps because of the absence of consol idation 

in this group. In the three test-conditions which prevent consol idation .. 
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(Groups 1,5 and 6), performance is poor, the simi lar PI group being the 

poorest of ail., Among the three 'groups permi tt i ng conso 1 i dat i on (Groups 

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

poorest performance in th~ simi lar RI group Is due to simllarlty~lnterference 

counter-acti~g consolidation. But p09r.er performance in Group 2 (delayed

test, rehearsal allowed) than ln Grôup 3 (disslmi lar Interpolation, 

rehearsal prevented) cannot be explained by the,consol Idation hypothesis. 

It indicates that rehearsal Impairs STRM rather than facilitatlng it. 

Thus in Group 2 rehearsal counteracts consolidation, and performance is 

poor. The dlssimi lar RI group (Group 3) has the most uninterrupted cO,n-
, , 

solidation as neither rebearsal not simi larit~-interference i~ counter-

acting it. Consequently, this group yields the highest recognition score. 

The poor performance in the, two simi larity-interference groups 

(RI and PI) supports the interference hypothesis inSTRM; and the results 

are consistent with STM findings using recall. 

On the other. hand, the analysis of errors shows that Interference 

items were significantly (p<.OOI) more often chosen than new items by the 

groups exposed to the Interference items (simi larity R~ and PI), while 

other g~p5 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 simi larity-interference; instead, the discrimination 

of. 1 ist-membership of the recognized items was impaired. The appearance 

of the Interference items among the recogn~tion alternatives requlres a 

discrimination of the 1 ist-membership of each individual item in addition 

to judging its familiarity (recognition in the absolute sense). Thus the 
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interference effect measuredby the number of items correctly recognized 

appears to be an artifact of·the recognition test used. SimiJarity inter

ference may not decrease recognition performance in its absoJute sense. 

This impairment of the discrimination of list-membership is simiJar to 

interl ist intrusions observed in short-term recal J studies. 

But how much of the interference effect showed by the recogni

tion scores could be expiai~ed away aS,an artifact coul~ not be determined 

from the results .• A simpler recognition task without discrimination of 

1 ist-membership is necessar:y to determine the extent of Interference effect 

produced by simi lar Interference it4i!ms i,n STRM; and thi~ was Provided 

in later experiments (Experiments IV to VII) • 
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Experiment Il 

Experiment was mainly exploratory; and the exposur'e dur,ation 

per item was perhaps too long for a short-term memory test. The decay 
, ' 

effect (.with or wi thout'rehearsa 1) was not si gni fi cant. The interférence 

effect, however, was significant, but the trend was not consistent enough 

to warrant any conclusion. Besides, long-term memo,rycomponents were 

found to be prominent as Ss indicated that they were forming associations 

for the items. Accordingly, Experiment 1 was replicated as Experiment Il 

wi th a faster r'ate of presentat ion. 

Method 

Subjects 

Another six, groups of 10 Ss eachwere 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 

The same procedure was fol lowed as in Experiment 1 except that 

the rate of presentation was 1 second/item; and the delay interval as 

wei 1 as the duration 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 1. 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 (simi lar RI and PI) have the lowest recognition 

. scores. Ail other groups look more or less al ike in theirmean recognition 

scores. A one-way analysis ofvariëince was carried out on the corrected 

scores. The F ratio (F= 9.35; df = 5, 54) is highlysignificant (~.001). 

A summary of the analysis of varianceappears in Table C of the Appendix. 

Duncan's New Multiple Range Test for the compari~on of means following 

the analysis of variance shows that Groups 4 and 5 (simi larity RI and PI) 

are significantly poorer (p<.OI) than ail other groups. " There is no 

si~nificant difference between the simi larity RI and PI groups (Groups 4 

and 5), however; although the recognition scores in the similarity RI 

group is si ightly higher than in the similarity PI group. No other groups 

are significantly different from one another. The comparison of different 

groups appears in Table Il (b). 

While the results apparently indicate a significant interference 

effect (RI and PI) by the similar materials, analysis of the recognition 

errors reveals a different picture. Table Il (c) shows the mean error-

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

among the recognition alternatives was three times larg~r than the inter-

feremce ite~s, the error-scores from the interference items were multiplied 

by three to equate the probabil ity of choice of items from both categories 
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Table Il {a} 

Grou.p Means a·nd Standard Dev i at i ons of the Recogn i t i o~ 

Scor.s {Corrected for Guessing}: Experiment Il 

Group Mean . Standard Deviation 

Immediate 6.65 1.74 

Delay 5.88 2 • .40 

Dissimi lar RI 6.68 1.79 

Simi lar RI 2.81 2.20 

Simi lar PI 2.58 1 .52 

Di.ssimi lar PI 6.28 1 .51 
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Table Il (b) 

Multiple Comparison of Group Means by Duncan's New 

Multiple Range Test: Experiment Il 

Group 1 2 3 4 5 6 

Immediate 

Delay 

Dissirni lar RI 

Simi lar RI p<.OI p<.Ç) 1 ~<_Ol p<.OI 

Simi lar PI. p<.OI .p<.OI p<.OI p<.OI· 

Dissirni lar PI 
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Table Il. (c) 

Mean Errpr~ of Recognition from the Interference and New 

Items .of the Recognition Alternatives: Experiment Il 

Group Interference Items New Items 

1 : Immed i ate 4.50 5.20 

2: Del?JY 5.70 5.60 

3: Di ss imi lar RI 7.80 6.20 

4: Si mi lar RI 10.50 5.30 

5: Si mi lar PI 12.60 6.00 

6: Dissimnar' PI 7.20 5.40 
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(interference and new) of incorrect alternatives. A two-way analysis 
o' 

of variance 10r repeated measures was carried out on the error-scores 

todetermine whether the Interference items were significantly more 

often chosen than the new items .• The summary of the analysis of 

var i ance i s presented in Tab 1 e D of the °Append i x. The ma in effect as 

wei 1 as the interaction between groups and repeated measures (inter~, 

ference items and new items) was highly significant (p<.OOI). The 

t-test following the analysis of variance shows that the twosimilarity~ 

interfer~nce groups (Groups 4 and 5) chose the interference items 

(among the errors) significantly more often than the other groups 

(p<.OOI)~ The choice from eit~er categories of incorrect alternatives 

(interference items and new items) in ail other groups was on a chance 

level. The analysis of errors raises doubt about the Interference 

Interpretation of the results, and suggests that much of the Interference 

effect could probably be attributed to the discrimination of list- member-

ship of items rather than to the decreasing function of the simi larity- , 

Interference (RI and PI) effect. 

Discussion' 

As in Experiment l, the results do not show any decay effect 

by the delay interval used. Only the Interference effect due to the 

presentation of simi lar materials (RI and PI) seems to produce significant 

decrement in the recognitio~ scores. Both similarity RI and PI consist-

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

stronger than RI as in ~xperiment 1. The STRM loss in the simi larity 

PI group is greater than in the simllarlty RI group. This dlfferen~e 

might have been due to lack of consol,ldatlon ln the PI group, whl le 

consol idation facil itates performance in the RI group. But the con

sol Idatlon hypothesis as such does not seem to be tenahle as there Is 

1 ittle dlfference between the non-Interference groups enjoylng.consol 1-

dation (Groups 2 and 3) and the ones lacklng consolidation (Groups 1 and 

6) • 

The poorer performance ln Group 2 (delayed-test, rehearsal 

al.lowed) than ln Group 1 (immediate-test)--although the dlfferenc~ Is 

not slgnificant--might. indlcate a deç:ay effect of the delay Interval in 

spite of rehearsal counteractlng decay; and this suggests that if rehear~ 

sai ~ere prevented, thedecay effect would'probably be significant. But 

the better performance by Group 3 which prevents rehearsal by interpola

ting disslmi lar materials rules out the decay suggestion. The poorer 

performance by Group 2 (dei ayed-test , rehearsal allowed) than by Group 3 

(dissimilar interpolation, rehearsal prevented) indicates, as in Experi

ment l, that rehearsal probably impairs rather than faci litates short-term 

recognition memory. 

Whi le the recogniiion scores show a significant similarlty-inter

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

that the apparent decreasing function Df both RI and PI by similarity 

might be an artifact of the recognition test. As in Experiment l, the 

discrimination of 1 ist-membership rather than absolute recognition seems 
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to be impai~ed by simi larity-interference.· Thus, whi le both simi larity 

Ri and PI effect became.consistent after' el imination of the associational 

factors by using faster rate of presentation (1 sec./item), the simi~ar-

ity-interference int~rpretation does not seem convincing 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 incorrect alternatives (interference and new items) in ail 

other grdups not exposed to Interference remained at a chance level. This 

shows, as in Experiment l, that much of the similarity RI and PI effect 

obtained could be attributed to impairment of the discrimination of 1 Îst-· 

membership 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 atrrib~table to the discrimination of 1 ist-membership,. 

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

short-term memory so far as short-term recognition memory is concerned • 
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Experiment III 

The number of recognition responses was unrestricted and 

guessing was. high in the first two experlments. The variance was quite 

large as a result. The task was difficult because Ss had to decide 

first whether they had se en a particular alternative before, and then, 

in the similar Interference condition, whether the syl lable had been. 

seen in the test or in the Interference list. Thus guessing probability 

was high, and consequ~ntly, recognition-error was large. Experiment III 

wâs designed to use a multiple-choise recognition test with ail the alter

nat(ves pr~~ented together. Gues~ing would be reduced because the maxi

mus number of choices was limited by the number of correct responses. 

Method 

Subjects 

The subjects were 71 males and 49 females (between 17 and 20 

years old) volunteering from an introductory psychology course. They 

were divided into 6 groups of 20 Ss each. 

Apparatus and Materials 

The apparatus and materials used were the same as in Experiments 

1 and 11, but ail the alternatives of the recognition test were arranged 

together in a random order on a single si ide. The distance ~etween Sand 

the screen was 15 feet; and the projected size of the letters or digits 

was 3/4 x 3/4 in. 
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Procedure 

The proc:edure was same as in E'xper iment Il exc:ept in the recog-

nition-test part. The c:orrect and incorrect alternatives appeared together 

for comparison in the recognition test. 5s w~re required to identify the 

"c~rrect" items from the 1 ist and write them down in anyorder. They were 

instruc:ted to write down as many items as'they could rec:ognize (not ex~ 

c:eeding ten) within a 2-minutes' time limit. 

Resu 1 ts 

As the number of rec:ognition responses for different subjec:ts 

was still unequal, the same formula was used for guessing c:orrec:tion as 

in Experiments 1 and Il. The mean and standard deviation of the c:orrec-

ted scores for ail the groups are presented in Table III (a). An analy-

sis of varianc:e (one-way c:lassific:ation) was c:arried out on the rec:ogni-

tion scores. The F ratio (F = 6.99; df ='5, 114) is highly significant 

(p<.OOI). Asummary of the analysis of variance appears in Table E of 

the Appendix. Fol lowing the analysis of variance, Duncan's New Multiple 

Range Test was used for individual comparison of the different groups. 

The multiple comparison of the group means appears in Table III (b). 

80th the simi larity-interference groups (RI and PI) are signific:antly 

poorer in recognition performance than ail other groups (p<.OI). The 

differenc~ between ail other groups is insignificant. There is of 

course no significant difference between the two simi larity-interference 

groups (RI and PI), although-the simi larity PI group (Group' 5) has slightly 
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Table III (a) 

Group Means and Standard Deviations of the Recognition 

Scores (Corrected for Guessing): Experiment III 

Group Mean Standard Deviation 

Immediate 3.96 2.34 

Delay 4.61 1.56 

Dissimi lar RI 3.89 1 .81 

Simi lar RI 2.02 1 .80 

Si mi lar PI 2.10 1 .59 

Dissimi lar PI 4.39 ~.II 
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Table III (b) 

Multiple Comparison of Group Means by Duncan's New 

Multiple Range Test: Experiment III 

Group 2 3 4 5 6 

Immediate 

Delay 

Dissimilar RI 

Simi lar RI p<.OI p<.OI p<.OI p<.OI 

Simi lar PI .p<.OI p<.OI p<.OI p<.OI 

Oissimi lar PI 
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Table III (c) 

Mean Errors of Recognition from the Interference and New 

Items of the Recognition Alternatives: Experiment 1 Il 

Group 1 nterference Items. . New Items 

1 : Immediate 3.45 3.50 

2: Delay 1.95 2.45 

3: Dissimi lar RI . 4.20 2.00 

4: Simi lar RI 6.75 3.05 

5: Simi lar PI 7.20 3.30 

6: Oissimi lar PI 4.05 2.65 

.' 
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higher score than similarity RI group (Group 4). Uni ike the previous two 

experiments, the delayed-test group (Group 2) has the hi~hest, and the 

dissimilar PI group (Group 6) the next highest scores. Among the non-

i nterference groups, the immediate-test group (Group 1)· is the poorest 

in performance. 

Since the in'terference items were also included among the recog-

nition alternatives, an analysis of the recognition-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 no~-

Interference groups. The mean error-scores from both categories of in

correct alternatives (interference items and new items) are presented in 

Table III (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 multipl ied by three to equate the pro

babil ity of choice of items from both categories (interference and new) 

of incorrect alternatives. A two-way analysis of variance fer repeated 

measures (interference items and new items) was carried out on the error-

scores. 80th the main effect and the interaction between the treatment 

groups and repeated measures are highly significant (p<.OOI). A summary 

of the analysis of variance is presented in Table F of the Appendix. 

The t-test fol lowing the analysis of variance shows that the two simi lar

ity-interference groups (Groups 4 and 5) chosi the interference items 

(among the errors) significantly (p<.OOI) more often than the new items. 

The non-Interference groups, except Group 3 (dissimilar-interpolation), 

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 significantly (p<.OI) more often than ~ew items • 

. Discussion 

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

on short-term recognition memory. The similarity-interference effect 

(RI and PI), on the other hand, is highly significant as the performan~e 

in both sim~larity RI (Group 4) an~ similarity PI (Group 5) groups is 

significantly poorer than ail other groups (including their respective 

"dissimilarity-controls"). This suggests that interfe~ence may play a 

significant role in STRM, whi le decay does note 

But the simi larity-interferenceinterpretation is questioned 

by the analysis of the r~cognition errors as in Experiments 1 and Il. 

The groups exposed ta similarity-interference chose the Interference 

items among the errors significantly (p<.OOI) more often than the new 

items, whi le the non-Interference groups chose items from both catego

ries (interference and new) on a chance level. This shows that discri

mination of 1 ist-membership of the recognized items, as required by the 

presence of both stimulus and Interference items among the· recognition 

alternatives, was impaired by the similarity-interfërence rather than 

absolute recognition being affected. But this impairment of the dis

.crirnination of 1 ist-membership, in spite of ail the items being availa

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

simi larity-interference effe~t, and the results would support the inter-
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ierence.theory of short-term memory in that sense. 

Group 3 {dissimilar interpolation) also chose the interference 

items among the errors s'ignificantly (p<.OI) more often than new items. 

As this group was not exposed to the interference items, the preference 

for interference items to new items cannot beexplained by the discrimi

nat i on-of-I i st-membersh i p hypothes i.s •. The onl y exp 1 anat i ~n that cou 1 d 

be offered for the greater frequency of interference items (among errors) 

than new items in this group is the greater similarity of the interfer

ence items to the stimulus items •. But this explanation even does not 

seem convincing because no other non-interference group shows this tend

ency. The explanation is rather unknown and further investigation is 

necessary tp provide the explanation. 

Uni ike the previous two experiments, rehearsal seems ta facil

itate performance as the recognition score in Group 2 (delayed-test, 

rehearsal allowed) is higher than any other grouR, though the difference 

is significant only in case of the two similarity-interference groups 

(Groups 4 and 5). Performance becomes poorer when rehearsal is con-

trol led by interpolating dissimi lar materials (Grou~ 3), although the 

difference is not significant. This tendency of rehearsal to facil itate 

performance, whi le consistent with STM results using recal l, seems to 

rule out the suggestion made by the first two experiments that rehearsal 

might impair rather than facil itate STRM. Those confl icting results 

about the effect of rehearsal on short-term recognition memory might have 

been due to the difference in the recognition procedure used in this ex

periment • 
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Another tn,ignificant but interesting difference is between 
• 

Group (immediate-test) and Gro~p 6 (dissimi lar PI). The recognition 

test in both the groups is taken immediately after the presentation of 

the stimulus items. In spi~e of the dissimilarity-interference of the 

proactiv~ly presented numbers, the performance in Group 6 is higher than 

in Group 1 (immediate-test) which has no Interferente whatsoever (RI or 

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

the numbers and nonsense syllables, or due to a "novelty reaction" to 

th~ nonsense syl lables aftef receiving the numbers. On this assumption, 

however, a simi lar faci I~tating effect ,would be ex~ected in Group 3 

(dissimilar-interpol,ation) even, after eliminating the faci litating effect 

of rehearsal, and in the correspondiog conditions of the previous two 

experiments. This is not the case; and the "contrast-effect" or "novelty~ 

reaction" hypothesis, pecul iar ta this experiment, w~uld seem convinclng 

if it is assumed that numbe,rs and nonsense syl lables have differential 

faci.1 itating effect on each other due ta contrast effect or novelty 

reaction. 

The consolidation effect does not show up in the results as there 

is 1 ittle difference between the non-Interference groups enjoying con-

sol idation (Groups 2 and 3) and the ones lacking consol idation (Groups l, 

and 6) when thefacilitating effect of rehearsal and'Inovelty reaction" 

is el iminated. 



• 

o 

-76-

Experiment IV 

ln experiment Il l, there were too many alternatives to be 

~ompared within the av~i lable time; and subjects could not be forced 

to make equal numbers of responses. Besides, the test-time (2 minutes) 

was too long for a short-term memory test. The between-item interval 

(1 second) favoring inter-item rehearsal in the first three experiments 

could not be reduced because of 1 imitations of the equipment used. In 

order to overcome ail these difficult~es, Experiment IV used different 

equipment to provide a forced-choice recognition task. The test-time 

as wei 1 as the inter-item i,nterval was reduced considerably. 

Because the simi lar-interference items were included among 

the incorrect alternatives in the firstthree experiments, a discrimin

ation of list-membership was required for correct identification of 

an item. The analys~s qf the recognition-errors made in the first three 

experiments show that the Interference items were mor.e often chosen 

(among the errors) than new items. In order to el iminate this additional 

factor in the recognition process, Experiment IV used only new items 

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

test. 

• 
Method 

Subjects 

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

6equal groups of 20 Ss each. Ail Ss were paid for their parttcipation. 

Apparatus and Materials 

The stimulus items were the same ten nonsense syl lables used 

in the first three experiments. Theinterpolated numbers also were 

the same as before. A new set of a ta 47% association-value nonsense, 

syllables(Hilgard, 1951) more similar ta the stimulus items (the initial 

and last ,Ietters are common with that in the corresponding stimulus 

item) was used as the interference materials. Th€ recognition te~t 

consisted of presenting three alternatives for eachstimulus item. 

One of the alternatives wasthe,correct item, the other two being simi lar 

(0 to 47%, terminal letters common) new items (not exposed before). 

Each set of the th~ee alternatives appeared in a vertical 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 

stimul i. Each film contained the entire sequence of items (stimul i, 

interpolated items if any, and the ~ecognition alternatives) appropriate 

for the experimental group used. The films were projected on the 

. screen by a fi Imstrip projector control led ~y a timer. ,S's responses 

were recorded by a tape recorder. S sat at a distance of la feet from 

the screen; and the projected size of the letters or digits was 3 X 3 

inches. 
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Procedure 

AIJ subjects were individual Iy tested. ~ach 5 participated 

in one cond.ition only. 5 was given the appropriate instructions for 

the condition being tested. Then E started the sequence. The stimulus 

and the interpolated items were not separated by any signal. 5s were 

told that ail the items would be tested. The recognition test was sig

nai led by a question mark (?). 5ubject was required to pronounce the 

nonsense syl lables and cali out the numbers in the presentation part 

(stimulus and interpolated items). The recognition part required 5 

to indicate the position (top, or middle, or bottom) of the "correct" 
~ 

item on each set of the three alternatives. The items of the stimulus 

as wei 1 as of the int~rpolated series were presentedjn a random order. 

The test series of set of alternativei appeared in the same order ~s 

the stimulus series. The presentation rates were .75 second/item for 

the stimulus series, 1.5 seconds/item~for the interpolated series, and 

3 seconds/set for the recognition series of set of alternatives. The 

ioter-item interval 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 5 was accordingly uniforme 5s were instructed to guess if they 

were not sure. 

Six groups of 5s were tested according to the experimental 

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

looked at blank flashes on the screen during the delay interval. The 
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duration of the delay interval as wei 1 as the interpolated task was 

15 seconds. Group 3 (numbers interpolated) and Group 6 (numbers pro

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

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

come first in th~ recognition test. The test was always on the non

sense syl lables as before. Seside tape-recording SIS voice, E recorded 

S's recognition responses on a prepared data sheet. 

Results 

The number of Items correctly recognized by each subject was 

taken as the recognition score for that particular subject. There was 

no necessity for guessing correction as the number of recognition

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

. standard devJation of the recognition scores for ail the groups are 

presented in Table IV. The analysis of va~iance.(one-way classification) 

did not yield a significant F ratio (F = 2.01; df =5, 114). A sum

mary of the analysis of variance appears in Table.G of the Appendix. 

The performance in Group 5 (simi lar PI), however, is poorer 

than any other group. Ail other groups look more or less al ike; Group 

2 (deJayed-test, rehearsal al.lowed) and Group 3(dissimi lar RI) are 

si ightly poorer than other groups. 

Discussion 

The results do not show any decay effect (rehearsal allowed 

or prevented); nor there is a signiflcant Interference effect with 
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Table IV 

Group Means and Standard Deviations of the 

Recognition Scores: Experiment IV 

Group Mean . Standard Deviation 

Immediate 7.05 1 .• 24 

Delay 6.85 1 .20 

Dissimilar RI 6.90 0.31 

Simi lar RI 7.05 1 .47 

Simi lar PI 5.90 1 .45 

Dissimi lar PI 7.00 1.73 

• 
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simi lar or dissimi larmaterials. But the poorer performance in simi lar 

PI group (Group 5) suggests that proactive Interference by similarity 

may be a cause of forgetting in short-term recognition memory, whi le 

decay or similarity RI are note Thi's tendencywas also noticed in 

Experiment 1 and Il .It may be assumed here that the similarity PI 

effect would probably be signiflcant if the amount of Interference !s 
.. 

increased. This probabll Ity Is Investlgated ln the next experiment 

(Experlment V). 

The poorer perform~nce in the slmilarlty PI group (Group 5) 

mi ght have been due to a "pr Imacy" factor ,fac III tat 1 ng the recogn 1 t i on 

of the earl ier o~er the later items. The traces for the first series 

of items are perhaps ·more strongly formed and Interfere wlth, ~he trace

formation fur the items of the second, series. tonsequently, the per-

formance on the second series is expected to be poorer than on the 

first series. Thus the poorer performance in the similarity PI group 

(Group 5) which takes the test on the second series of items as wei 1 

as the bett~r performance ln the similarlty RI g~oup (Group 4) which 

takes the test on the first series becomes quite convincing on the 

primacyassumption. But on this assumptlon a poorer performance would 

be expected in Group 6 (dissl~i larity PI) which also takes the test 

on the second ser i es. 1 n Group 6, perhaps the "contrast-effect" or 

l'novelty-reaction" factor, assumed earlier, compensates the primacy 

effect,. and the performance i s conseq'uent 1 y better. 

Curiously enough, the recognition score ln the similarity 

RI group (Group 4) Is the highest among the delayed-test groups (Groups 
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2,3 and 4). The RI slmilarity effect seems to rather faci litate 

short-term recognition performahce than hinder it. Performanc~ in 

Group 2 (delayed-test, rehearsal allowed) and Group 3 (delayed-test, 

dissimilar interpolation) is poorer than ail other groups except 

similarity PI (Group 5). This indicates that rehearsalmight impair 

. tather than faci 1 ita'te STRM as was suggested bythe first two experiments. 

Thus performance i mproves as rehearsa 1 is contro Il ed more effect 1 ve 1 y. 

Accordingly" performance is the hlgh,est ln the similarity RI group 

(Group 4) whlch controls rehearsal most effectlvely, and lowest in 

Group 2 which does not control rehearsal at ail. The dissimilar RI 

group (Group 3) befng the mid-way in control 1 ing rehearsal, cornes in

between the rehearsal-al lowed (Group 2) and rehearsal-prevented (Group 

4) groups among the three delayed-test groups. 

The analysls of recognition errors in the first three experiments 

suggested that there may not be any similarity-interference effect in 

STRM. The results of this experiment seem to conflrm that suggestion 

and indicate that STRM is rather resistant to both decay and Interference. 

Rehearsal does not facll Itate STRM, rather It seems to Impair It to some 

extent. The results. however, suggest two prababliities to be explored 

in arder to determine the extènt of persistence of STRM against Inter

ference or decay. First, the Interference effect in this experiment 

might not have been intense enough toproduce any significant decrement 

in STRM; if the amount of Interference is increased considerably, there 

might be a significant Interference effect due to simi larity. Second, 

the delay interval might not have been long enough to produce any sig-
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nificant decrement inSTRM; there might be a signlficant decay effect 

of the delay interval if the duration of the delay is ircreased consid

erably. These probabil ities ar~ explored in .the next two experiments 

. (Experiment V and VI). . . 

" 
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Experiment V 

ExperimentlV'did not show any decay eff~ct of the delay 

interval; nor did it show any jnterfe~ence effect due to the interpolated 

materials (similar or dissimilar)~ Two alternative hypotheses were post-

ulated to explain the results. First, perhaps the Interference w.as 

not intense enough to produce any. signi'ficant decrement in the recog-

nition score. Second, the delay interval was probably not long enough 

to produce any decay effect. Besides, sh,ort-term recognition memory 

mi ght be res i stant to both decay and i nterference ev en a fter long . 

delay and considerable Interference, as was suggested. by the results 

of Schwarts and Perkins (1966), Shephard and Chang (1963), and Shephard. 

and Teghtsoonian (1961). 

Experiments V and VI tested these two alternative hypotheses. 

Experiment V tested the first hypothesis (interference) by increasing 

the number of interf~rence items keeping the delay interval (and the 

total duration of Interference ltems)constant. The purpose was to 

determine whether Interference affects short-term recognition memor.y 
". 

at ail when the amount of Interference is increased to a gr.eat extent. 

Method 

Subjects '. 

Ther.e were 5 groups of 20 Ss each participating in this 

exper.iment. The 5s (61 male and 39 female,between 16 and 25 years old) 
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were either college students volunteering from anintroductory psychology 

course, or paid high school students. 

Apparatus and Materials 

The stimulus materials (test items) were the same as in:the 

previous experiments. Thirty interpolated numbers (including the 

previous ten) were used as rehearsal-preventlng and dlsslmllarlty

control materials; and thi~ty siml lar (0 to 47%, terminai pr two adja

cent letters common) nonsense syllables (Hilgard, 1951) Including the 

prevlous ten, were used as the. Interference materials .• Everythlng else 

was the same as ln Experlment IV~ 

Procedure 

The procedure was the same as in Experiment IV except that 
. . 

the rate of presentation for the interpolated materials (numbers and 

nonsense syl lables) was .5 second/Item. 

Results 

Table V (a) shows the means and standard deviatlons of the 

recognition scores for dlfferent groups. The anèlysis of variance 

(one-way classification) yields a significa~t (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 of variance, Duncan's New 

Multiple Range Test was carried out to determine the extent of dif-

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

Group Means and Standard Dev)ations of 

the Recognition Scores: Experiment V 

Group Mean Standard Deviation 

1 : Immediate 7.05* 1 .24* 

2: Delay 6.85* 1 .20* 

3: Dissimilar RI 7.10 1.79 

4: Simi lar RI 6.80 1 .81 

5: Simi lar PI 5.50 1.83 

6: Dissimilar PI 6.90 0.30 

* Data from Experiment IV 

o 



1 : 

2: 

3: 

4: 

5: 

6: 

• 

-87-

Tabl e V (b) 

Multiple Comparison of Group Means by Duncan's New 

Multiple Range Test: Experiment V 

Group 1· 2 .. 3 4 5 ·6 

Immediate 

Delay 

Dissimilar RI 

Simi lar RI 

Similar PI p<.05 p<.05 p<.05 p<.05 p<.05 

Oissimilar PI 
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sented in Table V (b). Group 5 (simi larity PI) is significantly (p<.05) 

poorer than any other group (including the s.imllarity RI group: Group 4) • 

No other group is si~ni~icantly diff~rent from any other.lt is inter

esting to note that the difference between Group 4 (simi larity RI) and 

Group 5 (si~ilarity PI) becomes sign}ficant in contrast to ail the 

previous experiments. But the score in the similarity RI. group (Group 

4) is the next lowest. Group 3 (dissimi lar interpolation) has the 

highest score as in the first two experiments. 

Discussion 

The results show neither any decay effect with the delay interval, 

nor retroactive Interference due to interpolation of the similar materials,. 

Short-term recognition memory appearp to be resistant to retroactive 

similarity-interference. Performance is only si ightly poorer in the 

simi larity RI group (Group 4) than in its IIdissimi larity-controi ll. (Group 

3) even after being ~ubjected ta 30 simi lar Interference items. This 

shows a strong persistence of STRM against a massive retroactive inter-

ference with similar materials. 

The proactive:. simi larity-interferenc:e effect, however, is 

significant at the .05 level. This confirms the suggestion made by the' 

earl ier experiments (Experiments l, Il and IV) that the PI effect is 

sironger than the RI effect. The results also confirm the assumption 

that similarity-interference was not probably intense enough to produce 

a signi"ficant decrement in STRM in Experiment IV, so far as the PI sim

i larity effect is concerned: This seems to suggest that similarity PI 
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effectp/ays a significant role in STRM, whi le decay and similarity RI 

do not. The results ar;e not cons.istent with the general STM findings 

using recall; and this suggests that short-term recognition memoryis 

perhaps quite different from short-term recal 1 in nature. However, 

the extent of persistence ~f STRM against decay after long delay remains 

to be investigated before drawing any conclusion about this. 

The difference betweenthe similarity RI and PI effect in 

short-term recognition memory is perhaps due to a "primacy" factor 

(assumed earl ier) faci 1 itating the recognition of earl ier items over 

the later items. In the retroactive situation, the traces for the first 

series (stimulus items) are stronger'than the second series (interference 

items) which, being weaker in trace-strength, cannot produce any signi

ficant decrement in the first series. Consequently there is 1 ittle or 

no decrement.of STRM in the similarity RI group (Group 4). ln the pro

active situation, on the other hand, the traces for the first series 

(interference items) are strongly formed and Interfere with the trace

formation for the second series (stimulus items). As a result, the 

performance on the second series is poorer; and this shows a simi larity PI 

effect. The poorer performance in the similarity-PI groups in most of 

the experiments (Experiments 1, 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 concluded that PI si~ilarity effeçt becomes sig~ificant, though not 

very strong, when the amount of Interference is increased considerably; 

but the RI simi larity effect" does not play a significant role in STRM • 

. . , 
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Short-term recognition memory seems to be resistant ta retraactive 

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 

effectin short-term recognition memory ev en after increasing the inter-

ference materials by three times. 5hort~term recognition memory appears 

to be 'resistan~ to retroactive Interference with similar materials; 

the simi larity PI effect, however, is significant in 5TRM. Experiment 

VI was designed to test the decay hypothesis. The delay interval (the 

total duration of theinterpolated task as wei 1) wasincreased consid-

erably in order to determine whether 5TRM is subject to decay at a 

longer delay interval. 

Method 

5ubjects 

5ixty subjects divided into 3 equal groups participated in 

~his Experimente The 5s (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 ais 

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

except that the last two fi Ims (5 and 6) were not used. 
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Procedure 

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 proactive groups were left"out. The pres~ntation rate for the 

interpolated item~ was 1.5 seconds/ite~; and the delay interval was. 

45 seconds. It may be noted here that the immediate-test conditions 

(Group 1) for Experiments IV, V and VI were identical; and the same" 

data were used for Group 1 of ail the three exper~ments (IV, V and VI). 

Group 2 (delayed-test, rehearsal allowed) of Experiment IV was identical 

to that of Experiment V; and the same data were therefore used for 

Group 2 of both the experiments (IV and vf. 

Results 

Th"e mean number correct and standard dèv i at i on for di fferent 

groups are presented in Table VI. Although Group 4 (similarity RI) has 

the highest recognition score as in Experiment V, the difference between 
.. 

the "groups is very smal 1. A one-way analysis of variance was carried 

out, and the F rati~ (F = 0.49; df = 3, 76) ois farfrom being significant. 

A summary of the analysis of variance appears in Table 1 of the Appendix. 

Since the experiment was ess~ntial Iy an investigation of the" 

decay factor, the two proactive conditions (Groups Sand 6) which do 

not involve any decay effect were not run. 

Discussion 

The results do not show any decay effect even after increasing 
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Tabl'e VI 

Group Means and Standard Deviations of 

the Recognition Scores: Experlment VI 

Group Mean ; Standard Dev i at ion,; 

Immediate 7.05* 1 .24* 

Del ay 7.2!? ' 1 .51 

Dissimilar RI 7.10 1 .64 

Simi lar RI 7.60 ' J .7 J 

* Data trom Experiment IV • 
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the delay interval by three times. The performance in the delayed-

test conditions (with or without rehearsal) is even higher than in the 

immediate-test condition (Group 1). Short-term recognition memory seems 

ta b.e resistant ta decay even after quite a long delay (45 seconds). 

But how long STRM might persist could not be determined from the results, 

and was beyond the scope of the present study. 

Inter~stingly enough, the' similarity RI group (Group 4) has 

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

while Just the opposite wouldbe expected according.to bath decay and 

Interference theory: The RI simi larity effect seems ta rather faci 1-

ita',e short-term recognition memory as was observed in Experiment IV~ 

The facil itation might have been due ta the "primacy" effect' of.the 

first series of items (as was assumed in Experiments IV and V), which 

rend ers the simi larity RI effect in STRM ineffective. 

Rehearsal ~eems ta facilitate performance as the score in 

~roup 2 which ai lows rehearsal is higher than the score in Group 3 

whlch preVents rehearsal by presenting the dissimi lar materials during 

the delay interval. But no conclusion is warranted as the difference 

is insignificant and very small. Sesides, the highest score in the 

simi larityRI group (Group 4) which preven~s rehearsal most effectively 

and presents Interference in addition, precludes anyconclusion about 

rehearsa 1 i ndependent of i nterference. 
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Experiment VII. 

the results of Experiments V and VI suggest that short-term 

recognition memory is resistant to both decay and retroactive Interference. 
" " " 

The proactive Interference with similar materials, however, was signi-

ficant at the .05 level in Experiment V~, It was concluded that 5TRM 

does not decay with a longer delay interv~1 (within the range studied), 

although how long it might persist was not determined in the present 

study. But the Interference conclusion is ambiguous. Different rates 

were used for presentation of stimulus and interpolated it~ms in the 

previous experiments (Experiments IV, V and VI). Perhaps the ~ifferent 

degrees of"learning of stimulus and interpolated materials resulting 

from different rates of presentation obscured an Interference effect. 

As a control for this possibi 1 ity, E,xperiment VII used the same rate 

of presentation for both stimulus and Interference materials. 

Method 

Subjects 

Two group~ of subjects (2Q 5s each) were tested in this 

experiment. 5s 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 this experiment •. Everything else was the 

same as in Experiments V and VI. 

Procedure 

Only the two simi larity-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 (RI and PI) was 22.5· seconds. Everything else 

Was the same as in Experiments V and VI.' 

Results 

Experiment VII was a control study designed ta determine 

whether an Interference effeat in the two simi larity-interference con~ 
~ 

ditio~s (Groups 4 and 5) was 'obscured by the different rates of presen-

tation used for the stimulus and Interference series ln Experiments IV, 

V and VI. A comparison of the group means and standard deviations for 

the two simi larity-interference groups of Experiments IV to VII is pre-

sented in Table VII. A one-way analysis of variance was carried out 

on the scores of both the simitarity RI and simi larity PI groups of the 

d~fferent experimen{s. The F ratio (F = 1.72; df = 3, 76) for the 

similarity RI group (Group 4) is not significant. A summary of the 

analysis of variance for this group appears in Table J of the Appendix. 

Tha F ratio (F = 4.22; df = 2,57) for the similarity PI group (Group 5), 

however, is significant at the .05 level. The summary of the analysis 

of variance for Group 5 (similarity PI) appears in Table K of the Appendix. 
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Table VII 

Comparison of the Means and Standard Deviations of 

the Simi larit~ RI and Simi larity PI Groups (Groups 

4 and 5) over Experiments Using Different Rates of 

Presentation for the Stimulus and Interference Items 

Group 4 .Group 5 
Experiment Simi lar RI Similar PI 

Mean SD Mean SD 

1 V: Interference Siower 7.05 1 .47 5.90 1.45 
• 

V: Interference Faster 6.80· 1 .81 5.50 1 .83 

VI: Interference Siower 7.60 1 .71 

VII: Equal Rate 7.80 1 .12 7.00 . 1.64 
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Following the an~lysis of Variance in the similarity PI group 

(Group 5), Duncan's New Multiple Range Test was used for the individual 

comparison of means in different experiments. The comparison shows that 

the performance in tne PI simi larity gro~p (Group 5) in Experiment VII 

i~ significantly better (p<.05) than in Experiment V; and the difference 

between Experiments IV and VII (higher score in Experiment VII) is Just 

short of si gn if i cance at the .05 1 eve 1. There i s'n'O companison wi th 

Experiment VI as' the proactive groups were left out in Experiment VI. 

The results seem to indicate that equal rate of presentation in the 

itimulus and the Interference series in :the proactive situation facil itates 

performance, and eliminates the simi larity PI effect observed in Experi

ment V (and in Experiment IV to sorne extent). 

Discussion 

The different rates of presentation in the stimulus and inter

ference series used in different experiments (and hence t~e resulting 

differential degrees of learning as assumed) do not seem to have played 

any role i~ the operation of Interference process, so fcir as the sim-

i larity RI effect is concerned. The perfor~ance is more or less equal 

under the same or different rates of 'presentation for the stimulus and 

Interference series across ail the experiments. The equal rate of pre

sentation for both the series, however, seems to faci 1 itate performance 

in the RI 'simi larity situation, as the performance in Experiment VII, 

which uses equal rate for both the stimulus and Interference series, 

is higher than in ail othe~ 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 experiments (IV and VI) which 

use a slower rate in the Interference series score mid-way between the 

faster (Experiment V) and equal (Experiment VII) rate of presentation. 

The PI simi larity 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 isnot consistent enough to war-

rant any conclusion about the effect of rate of ~resentation in the 

stimulus and interferènce series of items on the simi rarity PI effect~ < 

When a si ower rate (1.5 seconds/i tem) i s used for the i nterference 

series (Experiment IV), the simi larity PI effect is close to significance; 

the PI simi larity effect becomes significant (p<.05)"when a faster (ate 

(.5 second/item) is used for the Interference items (Experiment V). 

Buet when an equal rate (.75 setond/item) is used for bath the stimulus 

and Interference items (Experiment VII), the similarity PI effect is 

cancel led out and the performance is rather better. 
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GENERAL DISCUSSION 

The results of the present series of experiments do not 

support the decay theory of short-term recognition memory. The extent· 

of persistence of STRM against decay was not determined in the present 

study. But within the range of intervals studied (up to 45 seconds), 

it may be concluded that short-term recognition memory is not subject· 

to decay. On the contrary, short-term reca Iii s often found to be 

subject to decay with much shorter intervals (See Introduction, Pp. 

12-15). Short-term recognition memory seems to be quite different 

from short-term recal 1 • 

The effect of Interference is ambiguous~ ln the first three 

experiments, similarity-int~rference (RI and PI) seems to have pro

duced a significant decrement in short-term recognition. But analysis 

of the recognition-errors showed that 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 later experiments (Experiments IV - VII) which do not show any 

significant retroactive Interference when there was no discrimination 

of recognition alternatives required. Thus short-term recognition 

memory seems to be resistant ta retroactive Interference. But in a 

pa i red-assoc i ate STM study"by Garskof and Sandak (1964) the A-B 
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• 
pairings are act'ually unlearned due to the interpol"ated"A-C pairings 

in the RI paradigm with recognition. 

The proactive Interference eff~ct is somewhat confusing. 

The simi larity PI effect was significant in Experiment V, and was close 

to significance in Experiment IV. But in Experiment VII ,which was 

identicalwith Exper1ment V except that an equal rate was usedfor the 

presentation of both the stimulus and Interference items, the sim-

ilarity PI effect disappears and the overall: performance improves. 

This inconsistency prevents a firm conclusion about the similarity 

PI effect; but it suggests that STRM may also be resistant to pro-

active Interference. 

The persistence of short-term recognition memory against "both 

decay and Interference suggests that the memory storage (short-or 

1 ong-term) , orice formed, becomes relatively permanent, and is 1 ittle 

subject te decay or interference~ The results suggest that only 

retriev~1 is subject to decay or Interference, whi le st orage is not. 

Retrieval is an essential part of recall; and the loss of STM due to 

decay or Interference usual Iy reported by experiments using recal 1 is 

perhaps caused by the loss of the retrieval process. Memory storage 

is more than mere retrieval. The storage may persist even when retrieval 

is lost and recall has fai led. A recognition test which does not require 

retrieval might show the memory st orage even after loss is reported by 

recal 1. The present results confirm earlier findings (see Introduction, 

Pp. 43-45) of Schwartz and Perkins (1966),Shephard and Chang (1963), 

and Shephard and Teghtsoonlan (1961) and indicate that both short- and 
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long-term recognition memory persists against decay or Interference. 

Ail memory (short-or long-term) has tw~ aspects: retrieval 

and storage. Retrieval is temporary and short-I ived after a single pre

sentation, and is subject to decay or Interference (e.g.; Brown,/958; 

Képpel and Underwood, /962; Melton, /963;Peterson and Peterson, /959). 

But retrieval may be ~nhanced by repetition and rehearsal. The memory 

sto~age, on the other hand, is relative/y permanent after one trial as 

suggested by the present results. Any ~articular item may be both in 

short-term an~ long-~erm storage at the same time (Waugh and Norman, 

1965). After a single presentation an item is in the short-term store 

so far as its retrieval is concerned, and in terms of t~e memory storage 

it is in the long-term store. This seems to bridge the gap between 

short-term and long-term memories. The same processes: retrieval and 

storage occur in both short- and long-term memory .When retr i eva 1 i s 

lost after 'one trial due to decay or Interference, and recall has failed, 

we calI this short-term memory; persistence of retrieval after repetition 

and rehearsal is cal /ed long-term memory. The memory storage, once formed, 

seems topersist and may be revealed by recognition tests which do not 

require retrieva/, a/though loss may be reported by recal 1 tests which 

pre-suppose retrieval. Thus the difference between short- .and /ong-term 

memory appears to depend upon the tests used. 

The persistence of STRM may also be due to a partial learning 

and retention of sorne characteristics or aspects of the items (McNu/ty, 

1966). These partial characteristics may be enough for the correct re-

cogniti~n of the items even when. retrievat of the items is lost. But 
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the. persis~ence of these partial characteristics themselves against 

decay and Interference cannat be explained by the pértial learning model 

of recognition memory (McNulty, 1966). Perhaps the same "retrieval and 

storage" explanation should also be appropriate here. The persistence 

of the memory st orage (complete o~ part~al) seems to be the most convinc

ing explanation. Further investigation is necessary to determine the 

nature of retrieval and storage processes as such, and their relation

ships. 

the results of the first' three experiments could be inter

preted as supporting an interference theory if the discrimination of 

1 ist-membership of the stimulus and interference items is taken as the 

criterion of performance. Exposure ta the similar interference items 

impairs t~e discrimination, and intrusions from the interference series 

'are numerous. 'Wickelgren (1965c} found a simi lar tendency of intrusions 

in recal 1. Intrusions tend to be similar to the presented items, and 

their frequency increases with the degree of simi larity with the pre

sented items. The same kind of intrusions are also reported with 

acoustic simi larity of the interference items (Wickelgren, 1965d). 

If, on the other hand, the absolute recognition performance 

(identification of the previously exposed items: bath stimulus and 

Interference) is taken as the criterion, interference has no effect on 

short-term recognition memory. When~the recognttion alternatives in

clude the interference items (Experiments 1- Il I)~ the performance is 

impaired; but when the Interference items do not occur among the re

cognition alternatives (Experiments IV - VII), the performa~e is unaf-
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fected. If the Interference items were included among the recognition 

alternatives in the forced-choice recognition test of the later experi

ments (Experime~ts IV - VII), results similar ta the first three experi-

ments might. have been obtained. 

Thesigni'ficant PI simi larity'effect in Experiment V and the 

close-to-significant PI effect in Experiment IV, together with the lack 

of a signi'ficant R1 .similarity effect, is consistent with Postman's 
• 

(1963) notion about RI and PI: " ••• proactive inhibition iS'an estab-

1 ished fact, retroactive inhibition is rarely complete., ••• n (p. 298) • 

. This suggestion is also confirmed by the stronger PI than RI in the 

similarity-interference conditions of Experiments and II. But the 

similarity PI effect itself is not very consistent. In Experiment IV 

which uses a slower presentation rate for the ·interference than for 

·the stimulus items, the PI effect is close ta significant; the PI ef-

fect becomes significant when the rate in the Interference series is 

faster (Experiment V), but disappears when an equal rate of presentation 

is used for both the stimulus and Interference series (Experiment VII). 

It may be concluded from the results that sh~rt-term recog-

nition and short-term recal 1 measure different aspects of the memory 

process. Recall measures retrieval, or abil ity to reproduce an item 

retained, whi le recogniflon measures the memory storage independent 

of retrieval. This is quite consistent with Mùrdock's (1963c) sug-

gestion that n ••• recognition and recall are not necessari Iy equivalent 

methods of measuring retention.n . (Murdock, 1963c, p.20). The results 

indicate that retrieval is subject ta decay or Interference as reported 
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by most STM experiments using recal 1 (e.g., Brown, 1958; Keppel and 

Underwood,. !962; Mackworth, 1 964a; ,Melton, 1963; Peterson,and 

Peterson, 1959), but that storage is persistentagainst decay or inter-

ferenc~ as reported by Schwartz and Perkins (1966}, Shephard and 

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

. ' 
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SUMMARY 

This study was designed to investigate the decay and inter-

ference processes in short-term recognition memory for visual Iy pre-

sented nonsense syllables. Seven experiments, involving a total of 520 

subjects, are reported. The experimental paradigm was to test 6 inde

pendent groups of Ss in each experiment ~xcept Expe~iments VI and VII). 

The six experimental groups were: (1) Immediate-test, (2) Delayed-

test, (3) Dissimi lar-interpolation (numbers) before the test, (4) Similar

interpolation (similar nonsense syl lables) before the test, (5) Simi lar 

-proactive presentation before the stimulus items (test follows}1 ~i\d 

(6) Dissimi lar~proactive presentation before the stimulus items. Ail 

presentation was seqyential. 

Experiment 1 was a prel iminary study designed to develop a 

technique to study short-term recognition memory. Ten law-association 

value nonsense syl lables were used "as the stimulus items; ten 3-digit 

numbers and 10 simiLar nonsense syl lables were used as the "dissimilarity-

control" and interference materials respectively. The recognition test" 

was a 50-alternative (including the 10 stimulus and 10 interference items) 

"yes-no" choice for ail the alternatives sequential Iy presented. The 

results do not show any decay effect but the simi larity-interference 
. 

(RI and PI) was highly significùnt. 



-107-

Experiment Il was a replication of Experiment 1 with a {as~er 

rate of presentation in order to eliminate the associational factors 

observed in Experiment 1. The results of Experiment Il more strongly 

support the. i nterference theory in short-term recogni t i on memory. 

Experiment III used a 50-alter':lative multiple-choice recogni

tion test with al.l the alternatives presented together. Ss were re .... 

quited to pick out· the "correct" (stimulus) items within a time-limlt • 

• ln al 1 othe~ respects Exper~ment III was similar to Experiments 1 and 

Il. The results confirmed the first two experiments: ' no decay but 

significant Interference • 

. The analyses of the recognition-errors in the first three 

experiments indicate that the observed Interference effect· might have 

been an artifact of the recognition test which required a discr:imination 

of the 1 ist-meinbership of therecognized items due to the appearance 

of .the Interference items among the recognition alternatives. 

Experiment IV ~as a 3-alternative forced-choice recognitton 

test for each of the stimulus items. The Interference items did not 

occur among the recognition alternatives. There was neither decay nor . , 

Interference shown by the results. 

Experiment V increased the Interference materials by three 

times in order to determine the extent of persistence of short-term 

recognition memory against Interference. The resülts did not show any 

RI effect; the PI effect was significant at the .05 level. 

Experiment VI increased the delay interval by three tîmes 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 d~cay effect; nor /s·there 

significant RI. effect. The PI groups were left out in this experiment • 

Experimen~ :IV~ V and VI used different rates for the presen-

tatlon of the stimulus and Interference items. The differential learning 

of the stimulus and Interference items resulting from their different 

rates of presentation might have obscured an Interference effect in 

Experiments IV, V and VI. Accordingly, Experiment VII used an equal 

rate of presentatirin fer both the stimulus and interference items. The 

rate of presentation does not seem to have affected the RI effect; 

but the PI effect observed in Experiment V does not occur in Experiment 

VII with equal rate of presentation for the stimulus and Interference items. 

The overall results do not support the decay theory of short-

term recognition memory. Although ~he PI 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 perslst 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 decay or interference, as was 

observed in the present study. 



-109-

APPENDIX 

• 

·Tables of Analyses of Variance· 

.. 
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Tabl e A 

Analysis of Variance for Recognition Scores 

(Co~rected for Guessing):Experiment 1 

Source 

Between Groups 

Within Groups 

Tota 1 

** p<.OI 

.. 

SS 

139.20 

213.34 

352.54 

df 

5 

54 

59 

MS F 

27.84 7.05** 

3.95 
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Table B 

Analysisof Variance (Repeated Measures) for 

Errors from the Interference and New Items: 

.. 

Source 

Between Subjects 

Groups (G) 

Error b 

Within Subjects 

Repeated Measures (R) 

R X G 

Error w 

** p<.OI 

*** p<.OOI 

SS 

1073.49 

343.84 

729.65 

727.50 

75.21 

208.84 

443.45 

df 

59 

5 

54 

60 

5 

54 

Recognition- . 

Experiment 

MS 

68.77 

13.51 

75.21 

41.77 

8.21 

F 

5.09*** 

9.16** 

5.09*** 
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Tabl e C 

Analysis of Variance for Recognition Scores 

(Corrected for Guessing): Experiment Il 

Source 

Between Groups 

Within Groups 

Total 

*** p<.OOI 

SS 

184.66 

213.23 

397.89 

df 

5 

54 

59 

MS F' 

36.93 9.35*** 

3:95 
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Table 0 

Analysis of. Variance (Repeated Measures) for Recognition

Err~rs from the Interference and New Items: Experiment Il 

Source 

Between Subjects 

Groups (G) 

Error b 

Within Subjects 

Repeated Measures (R) 

R X G 

Error w 

*** p<.OOI 

SS 

791.67 

257.37 

·534.30 

815.00 

177.63 

206.87 

430.50 

df 

59 

5 

54 

60 

5 

54 

MS 

51.47 

9.89 

177.63 

41.37 

7.97 

F 

5.20***. 

22.28*** 

5.19*** 
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.. 

Tab 1 e E 

An~lysis of· Variance for Recognition Scores 

(Corrected for Guessing): Experiment 1 Il 

SC'!Jrce 55 df M5 F 

Between Groups 131.07 5 26.21 6.99*** 

Within Groups 

Total 

*** p<.OOI 

-427.59 

558 •. 66 

lli 
119 . 

3.75 
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Tabl e F 

Analy~is of Variance '(Repeated Measures) for Recognition

Errors from the Interference and New Items: Experiment 1 Il 

Source 

Between Subjects 

Groups (G) 

Error b 

Within Subjects 

Repeated Measures (R) 

R X G 

Error w 

*** p<.OOI 

• 

SS 

887.66 

264.99 

622.68 

967.50 

189.04 

170.49 

607.98 

df 

119 

5 

114 

120 

5 

114 

MS 

53.00 

5.46 

189.04 

34.10 

5.33 

F 

9.70*** 

35.45*** 

6.39*** 
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Table G 

Analysis of Variance for Number Correct: Expériment IV 

Source 

Between Groups 

Within Groups 

Total 

df MS F 55 

19.74 5 3.95 2.01 

224.05 ill 1.97 

243.79 119 
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,-

• 

Table H 

Analysis of Variànce for Number Correct: Experiment V 

Source SS df MS F 

Between Groups 35.90 "5 7.18 2.99* 

Within Groups 273.30 lli 2.40 

Total 309.20 119 

* p<.OS 
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• 

Table 1 

Analysis of Variance for Nlimber Correct: Experiment VI 

Source 

Between Groups 

Within Groups 

Total 

SS df MS F 

3.70 3 1.23 0.49 

189.30 76·2.49 

193.00 79 
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• 

Table J 

Analysis of Variance for the Similarity RI Group (Gro~p 

4) over Experlments Using Different Rates of Presen-

tation for the Stimulus and Interference Items 

Source SS 

Be~ween Experiments 13.04 

Within Experiments 192.15 

. Total 205.19 

df 

3 

76 

79 

MS 

4.35 

2.53 

F 

1.72 
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Tabl e K 

Analysis of Variance for the 5imilarity PI Group (Group 

5) over Experiments Using Different Rates of Presen-

tation for the Stimulus and Interference Items 

Source 55 df MS F 

Between Experiments 24.13 2 12.07 4.22* 

Within Experiments 162.80 57 2.86 

Total 186,;93 59 

* p<.05 
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