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Abstract:

This paper is concerned with a replication and extension of the methods of Shiffrin (1973) which
investigated the cause of short term memory forgetting. In the Shiffrin publication subjects were found
to be able to retain a short term store memory trace for 40 seconds. Shiffrin concluded that when
rehearsal was prevented, short term memory loss was the result of interference only.

In this study a non-interfering rehearsal prevention task (signal in white noise) was used to prevent
twelve college students (5 male and 7 female) from rehearsing a five consonant quintigram which was
recalled at 8, 40, 60, or 120 seconds. In contrast to the Shiffrin study, subjects in this study
demonstrated a decrease in recall performance at extended (60 and 120 seconds) retention periods. The
results of this study were interpreted as support for Reitman's (1974) study which proposed the
possibility that the lack of forgetting in Reitman (1971) and Shiffrin (1973) was due to a ceiling effect.
It concluded that the results provided support for a model of short term memory that includes decay as
well as interference as mechanisms of forgetting.
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ABSTRACT

This paper is concerned with a replication and extension of the
methods of Shiffrin (1973) which investigated the cause of short term
memory . forgetting. In the Shiffrin publication subJects were found to
be able to retain a short term store memory trace for MO seconds.
Shiffrin'concluded that when. rehearsal was prevented, short term
memory loss was the result of 1nterference ‘only.

In this study‘a non—interfering rehearsal prevention task
(signal in white noise) was used to prevent twelve college students
(5 male and 7 female) from rehearsing a five consonant quintigram which
‘was recalled at 8, L0, 60, or 120 seconds. In contrast to the Shiffrin
study, subjects in this study demonstrated a decrease in recall ‘
performance at extended (60 and 120 seconds) retention periods. The
results of this study were .interpreted as support for Reitman's (19Th)
‘study which proposed the possibility that the lack of forgetting in
- Reitman (19T1) and Shiffrin (1973) was due to a ceiling effect. It
concluded that the results provided support for a model- of short term
“memory that 1ncludes decay as well as - 1nterference as mechanlsms of.
'forgettlng.




INTRODUCTION

Investigators employing human infofmation processing concepts
generally. accept a dﬁal store memory model (e.g.., Atkinson.and
Shiffrin,'l968; Wapgh and Norman, 1965) distinguishing the short term

isﬁore:(STS)ifrom the long term store (LTS).. Classically, investigators
have éxplored the role of rehearsgl.to m@intain words in ﬁemory and the
methoa of terﬁipation or loss of:a "to.be fememberéd" (TBR) item in
STS. | ‘

A technique developed by Reitman (1971), based on an adaptatioq
of.£he Peﬁerson aﬁd Peterson (1959) paradigm, prevented rehearsal,
while.supposedly-ﬁﬁt introducing new inputs into the "limited capacity"
(Miller, i§56).STS. This would enable the TBR item to remain in the
STS Withouf interferéﬁce (lbss or forgetting of.the'TBR item.from the
STS by ﬁew; incoming information). Assuming fhe interferenqe displace-
ment model‘is va;id; there would be no ioss of the TBR itém, as Woﬁld
have Qqéurfed if a'decéy is a cause of forgetting in the STS.
Forgettiné by decéy means the loss of the TBR item by simple passagelof
time assuming that the item is not rehearsed. Rehearsal in this‘casé
is the overt 6r covert, verbal repeating of the TBR word or item to-be
retained in thg STS. In Reitman's study, the subjects were able to
mainéain énd recall three words perfectly for a period of 15 sec. of
féhearsgl breygntion (sigﬁal'detection). This study gave strong

support to an iﬁtérferenpe model of forgetting.n
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Atkinson and Shiffrin (1971) and Shiffrin (1973) replicated
Reitman's (1971) study extending the rehearsal prevéntion period to
_MO sec.,, and foﬁn& no forgetting. These studies also gave ﬁo support
to a decay model éf forgettipg.

Reitman (1974) recently proposed & model of the STS that
included both decay and interferenéé, iﬁ combination, as a possible
reason for forgetting. In this sfudy, é technique was discussed that
extracted the percentages of the décay and interference'(§6%) respon-
sible for forgetﬁing.‘

This paper will investigate a decay-interference model of
'fcsr.'getting in light of the findings of Reitman (19Tk), using the
investigative techniques devised by Shiffrin (1973). The most.impor—

" tant change in'the Shiffrin techrique will be an examinatioh of the
results and implications of an extension of the 40 sec. rehearsal
préfention feriod and, theféfore, an extended recall perioa.

Reitman (i97h) investigated the possibility that the recall task
was too easy ana forgetting was not detected, i.e., a ceiling éffect.
'éhé also investigated the possibility of surreptitiéus fehearsal.ih her
-earlier sfudy (ﬁeitman, 1971) and by implication, questioned Shiffrin's
1(1973) study. Reitman's (19T4) results indicated thé possibility 5f é
ceiling effect in both Reitman's (1971) and Shiffrin's (1973) studies.
A ceiling effect would allow subjects to respond with a high number of

recall items, at 0, 15, or 40 sec., but the difficulty of recall would




increase with the passage of time.

The possibility of a degree-of-difficulty-of-recall through time
may be tested in an extension of the 40 sec. rehearsal prevention task
and, in turn, explore the possibility of a ceiling effect in earlier
studies.

If a ceiling effect was present in the Reitman (1971) and
Shiffrin (1973) studies, a longer period of STS recall delay may allow
for the possibility of the degree of difficulty to show. A degree of
difficulty, or inability to recall items through time, could be inter-
preted as a decay process,

To test for a ceiling effect, Reitman (19T4) increased the
number of TBR items in a filled recall delay. Reitman (1971) used
three words during a retention interval of 15 sec.; Shiffrin (1973)
used five consonants in the form of a nonsense word and a retention
interval of 40 sec.; Reitman (1974) increased the STS load to five
English four-letter nouns of one syllable each. These nouns appeared
simultaneously previous to a short period of 15 sec. of filled (non-
verbal rehearsal prevention) delay. Increasing the number of TBR items
may possibly be a form of interference. Reitman (1974) increased the
load on the STS to the point that the subjects were unable to recall
100% of thevTBR items, even when rehearsal was allowed. The inability
of Reitman's subjects to recall 100% of the TBR items could suggest

forgetting caused by an interference mechanism. An introduction of
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more material than can be handled in a limited capacity system would
cause gfeater interference of previous items and increase the proba-
bility of STS forgetting.

By maintaining.a STS load that can'definitely be handled by the
‘STS, such as the five consongnts in Shiffrin's study, the probability
of interference can be greatly reduéed. Yet, 1t would be possible to
extrapolate evidence of a ceiiing effect, through the difficulty of
reball possibility.

Beitman'(l97h) and others (e.g., Belleza and Walker, 19Th; GOtz
.and Jacoby, 197L; Kroll and Kellicut, 1972; Modigliani and Seamon,
197k, Watkiﬁs, Watkiﬁs, Craik‘and Mazuryk, 1973) have recently ques-—
tioned.the accepted definition of rehearsal's function in memofy. This
in turn generates questioné about the effectiveness of'the rehearsal
prevention task as described in Reitman (1971) and Shiffrin's (1973)
studiés. (

Studies by Atkinson and Shiffrin (1968; 1971) and Rondus and
Afkinson (1970) have démoqstrated that rehearsal not only serves to- -
maintain information in STS, but also determines the amount of infqr—
mation that-is transferred to LTS. Iﬁ other words, the 16nger the -
reheérsal process is allowed, the stronger the'LTS‘trace becomes.

Other studies (Jacoby, 1973; Jacoby and Bartz, 1972; Craik and Lockhart,
1972; Meunier, Ritz and Meunier, 1972) propose that rehearsal functions

to maintain items in STS only.
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Gétz et al. (19T4) contend that for immediate recall, or recall
after a non—interfefing delay, the rehearsal strategy keeps the TBR
item in STS without the néed for involved encoding processes, or a
transfer to LTS.

Watkins‘and Watkins (197L4) submit that a transfer to LTS is
accompliéhed by a different type of rehear;al, other than a maintenance
£yp§ rehearsal. ~ Gotz et al., point out that overt, or forced, rehearsal'
al;ows only the sﬁudy of the subject's vocalization of TBR items. The
rehearsal strateéy may be quite different, and. covert, or surreptitious
fehearsal may occur. | |

If rehearsal is of a covert or surreptitious type; it is
possible that the rehearsal prevention task devised by Reitman (1971),
W£ich prevents overt rehearsal responses, was not effective. Reitman
'(lé?h) believed that this was possibly tyue and developed seven
: different measures of rehearsal detection. This ﬁrocedure detected
surréptitious rehearsal during the rehearsa; prevention periods more
effectively than the two‘mea;ures of detection used in previous,studieé.
" Reitman's seven measures analysis intimated that subjects in earlier
studies (e.g;, Atkinson énd:Shiffrin, 1971; Reitman, 19715 and
Shiffrin, 1973) may have been rehearsing duriné the rehearsal preven-—
tion periods; rehéarsal was less pronounced, but nevertheless present.

o It could be argued that if rehearsal did take blace,_as

Reitman's results indicated, this rehearsal was detrimental to STS
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recall rather than advantageous. Gtz et .al. (1974) suggest that the
STS trace would suffer from attempts to organize the TBR words for LTS
recall. In an unfilled delay period, rehearsal and encoding are
ailowed to take place. Upon recall the STS response would not have thé
advantages of immediate recall; the recall would be based on more
permanent LTS attributes. 'éhort lived STS attributes, such as illumina-
tive or acoustic traces, would be lost. GBtz et al. predicted that STS
recall could be enhanced by increasing the duration of a filled delay.
This delay would include interfering items.:

| In expandiﬁg the suégestions of Gtz éf al. (l97h), a presumably
non-interfering delay (signal detection) has the same influence on STS
recall as immediate récall. This aésumption is based on the results of
Reitman (1971) and Shiffrin (1973). 'In' these studies the subjects,
after a non-interfering delay, showed near perfect recall. ‘In other
studies (Peterson et.al,; 1959; and.Shifffin, 1973), imﬁédigte recall:
has also resulted in near perfect responses. In conjunction with the
conclusions of GOtz et al. (1974), the surreptitious rehearsal during
the non-interfering delay, and the subsequent LTS processing would
account fér the almost perfect recall of previous studies, i,e;,
Reitman, 1971 and. Shiffrin, 1973. It may.then be assumed that the
rehearéal prevention methods of Reitman (1971) ‘and Shiffrin l(1973) are
equal to the task they were meant for. ' Consequently, these methods
_ were used in the present study. |




T.

If the quantity of rehearsals is not a factor in recéll of STSV
items, the rehearsalsrobéerved by Reitﬁan (1974) would not be responsi-
blé fdf the high retention of TBR itemé in STS, but point to a STS-LTS
transfer of consolidation. The consolidation would give results that
could be equally interpreted as retrieval from the STS or as retrieval

from LTS. Shiffrin (1973) submitted that the STS-LTS transfer occurs
eifher during or shortily after presentation of the TBR item. If
rehearsal. is present, as suggested .by Reitman (1974), recall after
presentation would be from the LTS. This would account for the hiéh
recall in both Reitman's (1971) and Shiffrin's (1973) studies. An
extension of the recall period would detect the rehearsal by the proba-
~bility that a STS-LTS transfer had taken place and would be the result
.of a permanent'LTS trace. As in previous Sfudies (Reitman, 1971;
Shiffrin, 1973), an extensién would test periods longer than 40 sec. of
rehearsal prevention and subsequent recall. .If rehearsal is prevented,
or rather a STS-LTS transfer is prevented, and a decay mechanisﬁ'(as
suggested by Reitman, 197L4) was in effect, there would be a decrease in
recall at some point in time. If a transfer has taken place, Betweeh
STS and LTS, a LTS free-recall post test, as suégested by Meunier,
et al. (1972), would demonstirate the amount of LTS-STS transfer that
has taken place.

The intent of this paper was to investigate thé possibility of

decay as well as interference displacement in combination as a
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mechanism of STS forgetting. It is hypothesized that an extension of
the STS rehearsal prevéntion period past 40 sec., up to and including
120 sec., will demonstfate‘the strength of the decay mechanism in
'conjunctiSn with the interference mechaniém. What,haé been termed
"Qecay" may actually be intra-unit interference (e.g. Bennett, 197L4).
As such, the term decay will be interchangesble with intra-unit interQ-_
ferencé as an explanation for forgetting. The possibility of a ceiling
effect as discussed by Reitmanv(l97h) will also be investigated. The
issue of a ceiling effect will be investigated without the added inter-
‘ fereﬁce of an overloaded STS. The bulk of the experiment will bé a
replication-extension of Shiffrin's (1973) experiment. It will include
‘an examinétion of the results of quintigram (five consonants in a
nonsense word) recall at 8, 40, 60, and 120 sec, of rehea?sal.preven;

tion, i.e., a non-interference signal detection task.




. METHOD
Subjects
Twelve volunteer students (five male and seven female) were
drawn from a Montana State University introductory psychology class.
The Ss received extra class credit and‘were paid in accordance with
their performance. ‘The Ss took part in four to five sessions lasting
approximately dne hour each. BSessions Wére scheduled at the Ss

convenience.

Apparatus

Visual material was presented with the use of a Ralph Gerbrands
tachistoscope model number T-26-C, Audio material was produced by a
General Radia white noise generator model numbér 138.. Pure tones
(signals) were produced by a Hewlett-Packard tone generator model
nﬁmber 200-AD. Audioc input was presented to S in stereo earphones that
were worn throughout the experiment.' The S's memory task responsés
were recorded, by the S, with pencil and prepared paper. E recorded
S's signal detection performance as indicated by Hpnfer Klockognter

model number 120-A.

Procedure
A single trial was presented in the following manner: First,
white noise was introduced into the earphones, which acted as a cue for

the S to look into the tachistoscope. Then there was a 2 sec. pause
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before a five consonant nonsense word (a quintigram) was illuminated in
the tachistoscope for 3 sec. At the terminatibn of the quintigram ‘
presentation, the signal detection task began; A£ the end of the’

- signal detection the white noise ceased in the earphones. The S would
wrifé‘down thg quintigram, and within a 10-15 sec. delay indicated his
'feadihéss to continue. Finally, the white noise would résume in the

earphones, indicating the start of the next trial.

Meﬁorg Task |
All qﬁintigrams were a random choice of five different conso-

nanfs:from‘the following set of 11: F, G, H, J, K, M, P, Q, V, X, and
7. During an experimental session the S was seated:facing the.face-
plate of a tachistoscope, and wearing earphones. The taéhistoscope
hood and earphones. served to eliminate mpst,exterﬁai audio;visuai
stimuli. The S wés‘cugd.that the first quintigram, of a block of foux,‘
was ﬁo be presehted when the white noise began. The white noise also
cued S to place his face against the hooq of the tachistoscope, ﬁhere
he remained throughout a session, except to Write the quintigrdm at
 the end of a signal_dgteétion period. -Tﬁe tachistoscope's sequential’
fuﬁction was: (a)'a constant intensity background iiluminaﬁion§ |
followed by (b) the quintigraﬁ presentation for 3 sec., with noléhange'.“
:in intensity of illumination; followed by, (c)‘backgrgﬁnd iliumination I-l
throuéhdut‘the signél détecfion periodg'followgd b&, (d) tﬁe regpond

cue (termination of white noise in the earphones) for the S to write
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the quintigram. The experimental room was maintained with minimal
external noise levels and constant illumination consistent with tachis-

toscope illumination levels..

Signal Detection Task

S wore earphones'that were emitting a constaﬁt white noise.
before, duriné, and after the qﬁintigram'presentation. After the
quintigram présentation, a two sec. delay occurred before the beginning
of the signal detection task. A pure tone (signal) was introduced
within the whité.noise at random intervals. The Ss were instructed to
press a response key wheﬁever a signal was detected. Comfortable
earphone volume 1e§els were established and probability of correct
signai detection was adjusted to about .80 for each S, during numerous
'practice sessions and pilot studies. There was a 2 sec. delay period
aftér each signal, during which no other 'signal occgrred. This 2 sec.
delay period allowed time for S's key-press response and was determined
to be -detected as.such by S8 during the-course of the study. With the
event of the two sec. delay period, ...'"the next signal was exponen-
tially distributed with a méan of 3 sec. Thué, signals occurred about
.évery 5 sec. on the average." (Shiffrin, 1973, p. 42) The task
concluded with the termination of the white noise which cued the S to

respond with the quintigram.
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Instructions, Incentives, and Feedback -

IEmphasis was placed on the need for'good signal detection
performance. The Ss were instructed to recall the éuintigram but not
to let it interfere with the prime objective of the signal detectién
task. It was sugggstgd that the 8 do not repeat the letter to himself,
as it would be detrimental to the signal detection performance. The
S's payment was contingen@ upon the-signal detection performance, but
no monetary or vgrbal'reward was received for quintigram recall
pe;formance. The Ss received one cent for each éorrect signal (a
response key press within 1.5 sec. of the signal preséntatiqn) and
would lose one cent for each false alarm (a response not within a 1.5
sec. period). At the end of each hourly session, the Ss were advised
of their signal detection performance in terms of approximately how
well they were doing.. Poor performances were pointed out and the S was
encouraged to do bétter next session. ‘The Ss were questioned after
each session and extensively questioned after the study, when monetary .
payment was made. At a later date, post fests were made of the S's

-long term recall of the quintigrams.

Each S wgnt through four to five sessions of approximétely 25
quintigfams each and subsequent signal detection tasks (8 sec., k0.
sec., 60 sec., or 120 sec, ). One of each éignal detection period was
thrown out due to recording errors, resuiting in 24 trials per cate-

gory, across each of the twélve subjects.




RESULTS

Results were computéd with the. statistical methods employed by’
Shiffrin (1973). Significance tests were performed using the methods
developed by Scheffé (1959).

Table 1 (page 18) and Table 2 (page 19) summarize tﬁe data for
signal detection and quintigram letter recall across.Ss and sessions;
Table 2 is a partial report of Shiffrin's work'(Shiffrin, 1973? Table
1), and is included for compdrison purposes'only; Table 1 and Tablel2
are presented in the same form to facilitate comparison. The initial
description of Table 1 also describes the pertinent aspects 6f Table 2.
The conditions of this study“(Table 1) are designated by 8 sec., 40
sec., 60 sec., and l20nsec. These conditions represent the time
intervals of the signal detection periods, and therefore, the intervals
between quintigram presentation and quintigram recall. These condi-
tions are analogous to the SD-8 and SD-40, which are also the time
intervals of signal detection in sec. (8 sec. and 40 sec.), Table 2.

Columns 2-4 summarize the results of the signal detection
‘performance. Column 2 gives the probabiiity of a éorrect signal
detection, P(C). Column 3 shows the probability of a false alarm,
P(FA), based on the assumption that the S had as many intervals without
signals as the-S had with signals. This is an arbitfary assumption

based on estimates of the actual signal detection performance.
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Column L presents a pseudo-d' (Shiffrin, lQTh) measure computed
from the numbers in Column 2 and 3. The pseudo-d' measure is not an
absolute measure, but shows possible response tendencies in the
different conditions and any trends therein. A higher d' denotes a
better signal detection performance. Throughout Table 1 (page 18),
Column 4, the signa} detection performance remained stable which gives
assurénce that the Ss were attuned to‘the signal detection performance
rather than quintigram rehearsal.

Column 5-9 represents the probability (i.e., P(C) for letter i
in input position i) that'any letter of the TBR quintigram will be
recalled correctly in poéition i, for i = 1-5. Column lO'gives the
averages of the ﬁumbers in Columns 5-9, i.e., the average probability
of recall of a quintiérémAletter regardless of input position,

Columnlll—lo represents the probability that exactly Jﬂletters
are recalled in their correct position, for'i_= 0-5. In-order to
obtain ﬁhese prébabilities each letter in S's response'quin£iéram was
compared with each letter in the TBR quintigram. If a correct letter
was not found in any position the probability ﬁés scored in column 11.
'If one correct response letter in the response quintigram was found in
the TBR quintigram, the result was reported in column 12. This process
occurred for all 1etteré of the response quintigram across subjects.
In summary, the response event that occurred with lowest probability -

was that of column 11, i.e,, zero letters recalled correétly. The
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most prevalent: response was that of column 16, i.e., all five letters
"recalled correctly. The general tendency as depicted in column 16 is

that recall probability decreases with the passage of fime: 8 sec, =

.ohs 40 sec. = .85; 60 sec. = .80; and 120 sec. = .76 (for P(C),'Table
1, page 18) and 8 sec. = .84; 40 sec. = .63; 60 sec. = .56; and léO'
sec. = .50 (for P(j), Table 1).

Figure 1 graphically illustrates Table 1 and Teble 2, column 10,
P(C) and column 16, P(j). Figure 1 - Table 1 illustrates the proba- |
bility of recall from 8 sec. to 120 sec. for P(C) and P(j). TFigure 1 -
Table 2li11ﬁstrates the.reéults from Shiffrin's (1973, pg. 42) study.
Table 2 includes the P(C) and P(j) for signal detection for 1 sec., 8
sec,, and 40 sec., (8D-1, SD-8, and SD-L4L0). Also included are the P(C)
and P(j) fdr signal detection plus arithmetic (SD-1+A, SD-8+A, and
SD-LO+4). Fiéure 1 - Table 1, P(C) and P(j) present a gently sloping
decrease in quintigram recall performance with the passage of time.
These linés appréximate the sighal detection flus arithmetic task
'SD-1+A, SD-8+A, and SD-LO+A) results of Shiffrin, 1973. It must be
noted that any direct comparison of the results of Shiffrin (1973) and
the results of this study are impossible. Any comparisons can only be
.speculative.

Table 3 (page 215 is a variance table of the probability of.é
correct recall in input ﬁpsition i, for i = 1-5. ‘The'dependent

variable (D.V.) in this case was P(C), the relative frequency of a
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cofrect recall in 24 trials. This is a rBC mixed model unreplicated
analysis of variance. The letter "r" represents individual's (Ss).
The letter "B! represents the variable of the main effect, the proba-
bility of the input position i of the letfgrs in the TBR quintigram.
This is a classification variable and was found to be éignificant, |
F(APBQ) = 9.28, p<.00L. The letter "C" repreéents thé time interval
in seconds (8, 40, 60, and 120 sec.), "BxC" F(3,24)=15.94, p<.001l. The
"BxC" interaction was significant, F(12,96)=3.06, p<.00L. This signi-
ficant interaction is important when consildering the significant main
effects: input position (B) and the interval in sec. (C) individually.
For this reason Table 5 (page 23) "Multiple Comparison for P(C)
: Averages (overall input positions)" is included. This table compares
the interval effect of the mean times, intervals in sec. (B, Table 3,-
page 21). Significant differences were found between 8 sec. and 60 sec.
intervals (F=3h.i3, p<.01) and the 8 sec. and 120 sec., intervals (F= |
'27.93, p<.01). No significént differences were found in tﬁe other time’
intervals. The degrees of freedom were individualized, rather than
overall error rates, which allows for a very conservative error rate. |

Table L4 (page 22) gives the vafiance for P(j), the probability.
that exactly j numbers of letters will be recalled in their correct
position, for j = 0-5 positions. This is a rBC mixed model, unrepli-
cated analysis of variance. The number of letters recalled iﬁ their

correct position ("B" main. effect) was significant, F(5,40)=151.29,
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p<.001l. The "C" main effect was not found to be significant. Here, as
in Table 3, (page 21) the "BxC" interaction was found fo be significant
F(15,120)=8.92, p<.001 and a multiple comparison, (Table 6, page 24,
P(j) - probability that all letters are recélled in their correct
positions), was performed. Significant differences were found at 8
sec. vs. 40 sec; (F=35.32, p<.01); 8 sec. vs. 60 sec. (F=31.71, p<.01);
and 8 sec. vs. 120 sec. (F=39.L4L, p<.0l). Significance was not found
in other time intervals. |

The LTS post-tests provided no evidence that STS-LTS transfer
had taken place for any of the 96 quihtigfamslacross subjects and

sessions.




Table 1

Results of Signal Detection and Quintigram Recall Across Ss and Sessions

Signal Detection

P (C)
for letter in Input

Probability that exactly j
letters are recalled

.67 .76 .78 .76 .T6

Condition Performance ‘positions i correctly
1 2 3 L 5 67T 8 9 10 11 12 13 14 15 16
P(C) P(FA) ar 1 2 3.7 b5 Ave, O 1 2 3 L s

~Control .81 .26 1.52 = =" . = = » - - - - - -
8 sec. B4 .20  1.83 .97 .02 .93 .92 .96 .04 .00 .01 .02 .06 .07 .8
Lo sec. f8h .22 1.76 .91 .86 .80 .83 .88 .85 | .01 .04 .05 .13 -.15.63
60 sec. 87 .29 1.68 .88 .82 .72 .80 .79 .80 .02 .03 .09 .17 .1l2.56
120 sec. 86 .22 1.77 .82 .0b .07 .09 718 .1ﬁ.5o

8T




Table 2

Shiffrin (1973) - Results for Experiment I Across Ss and Sessions

Signal Detection

P(C)
for letter in Input

Probability that exactly j
letters are recalled

Condition Performance positions i correctly
1 2 3 L 5 6 7 8 9 10 i1 12 13 1k 15 16
P(C) P(FA)l d' 1 2 3 L4 5 Ave. 0 1 2 3 ' L 5

Comtrol .79 .15  1.8% - - - - - - - - - - - -
SD-8 .82 .25 1.59 .99 .99 .98 .95 .96 .97 .00 ,01 ,0L ,03 .04 ,92
SD-40 .77 .18 1.66 .§9 .97 .97 .95 .97 .97 .00 .01 .01 .03 .03.92
SD-8 +A .81 .26 1.52 .75 .69 .66 .63 .6k .67 .13 .12 .08 .09 .10.k9
SD-ko +A .78 .16 1.76 .72 .12 .08 .09 .09 -.10.51

.71 .68 .68 .68 .69

6T




Probability of correct recgll
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Figure 1. Quintigram recall results from Tables 1 & 2 (Col. 10 & 16)
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Table 3

P(C) (rBC Mixed Model -~ Unreplicated) Variance Table

Source Ss af MS F
r,(individuals) 42952 8 .05369  emmee
B (input position) .23992 b .05998 9.28 ¥
C (interval in secs.) - .7243L 3 .2klks : 15.94 -
r x B . 20678 32 007 Y- —
rxC .363L8 ok .01515 ——
B x C .10807 12 .00901 3.06 ¥
rxBxC . .282h5 9% -0029k R
TOTAL 2.35456 179

¥p = ,001

¥%p < ,001

D.V. = P(C) - relative frequency correct in 2k trials
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' Ta.bié L
P(j); Exactly j Letters Correct (rBC Mixed Model ~ Unreplicated)
' Variance Table - . ,
Source ss af MS P
r (individuals) .000000k426 8 .006000053 —————
B (No. of Letters) 8.752707912 5 750541582  151.29 *
C (interval in secs.) ,.000000236 3 .000000079 1.36
r x B .1462836630 40 .011570916 —e—me
rxC .000001389 2L .000000058  me—ee
B x.C .594497181 15 -0396331L45 8.92 *
rxBxC .53291hh&h -120 Loollhoosk e
TOTAL ~  10.34295822 215
*p < ,001

D.V. - P(j=0,l,,..é)‘i.e., relative frequency of_exactiy_i
letters correct in 2L trials
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Table 5

Multiple Comparisons for P(C) Avg. (over all input positions)

Interval: 8 sec. " L0 sec. 60 sec.: 120 sec.

X: .92 .8k LT .Th

Comparison F f
é" vs; Lo" 11.9% - >.05

- 8" vs. 60" -3h.l3¥ <.01
8" vs., 120" 27.93% <01
Lo vs. 60" 5.1k . >.05

ho" vs. 120" 8.47 - A >.o§_
60" vs. 120" el >.05

p = .05: Scheffe F = (a-1)F o (a-1, df?

.05 C)

(b-1)F 05 (3,8); individualized, rather
: ' than overall, error df

3(4,07) (conservative EW error rate)’

12.21

)

. b <.0L: ‘Scheffe F_ =-(a—l)F.Ol (a-1, af_q

3(7.59)

22,77
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Table 6

Multiple Comparisons for P(j=5); all 5 positions correct

Interval: 8 seec. 4o sec. . 60 sec. - __120 sec.
X: .79 .62 .5k .18

Comparison F P
8" vs. Lo" 35.32% <,01

8" vs, 60" 31, T71¥ <.01
8" vs. 120" 39. kb <.01

Lo" vs, 60" 6.58 >.05

hOﬁ vs, 120" 8.52 >,05

60" vs. 120" 1.63 >.05

p = .05 Scheffg FS

p <,01: Scheffe FS

(awl)F.ds (arl,d?rBC);

(3-1)F o (3,8)

05
3 (4.07)
12.21

(e~1)F . (-1, af

3 (7.59)

22,717

se)

individualized, rather
than overall, error 4f

{conservative EW error
rate)




DISCUSSION

The . results of thié study are consistent with a model of STS -
forgettiﬁg which includes decay and interference in combination, as
mechanisms of STS forgetting. These results do not necessarily con-
‘flict_with'the results of Reitman (1971) or Shiff?in (1973), whose
studies call for interference as the only mechanism of STS forgetting.
The difference in interpretation very possibly could be the product of
a ceiling effect, és suggested by Reitmén (1974). By extending the
Shiffrin (1973) study, the possibility of a ceiling effect wés
examined. The influence of the ceiling effect was tested without over-
'loading.the limited store STS system, as was a possibility in the
Red tman (1974) study. Reitman (1974) interpreted her results as
pointing to the presence of a ceiling effect in the Reitman (1971) and
Shiffrin (1973) reports. However, evidence‘suggests the possibility
. that the number of TBR items used by Reitman (1974), in an effo;t‘to
investigate the ceiling effect, overloaded the STS system. In cgnjﬁnc—
tion with this investigation, Réitman.(l97h) postulated a "degree of
difficulty" hypothesis, which could be iﬁterpreted‘és a decay mechanism
of forgettiﬁg. |

Shiffrin (1973) also suggested the probebility that decay during
the signal detection task would appear if the number of TBR items were
increased beyond fiVe.. Shiffrin (1973) further stated that a choice
between two models of ST forgetting must be explored: (1) thét ény-

trace, no matter how comblex, will not decay once established due to
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mutual interference of its parts over time, or (2) that such decay will
.occﬁr for sufficiently complex material.

Posner and Rossman (1965) and Glanzer, Gianutsos, and Dubin
(1969) also found that information load (the number of words or letters)
was a critical factor in removing items from STS. More recent evidence:
comes from the work of Baddely, Thomson, and Buchanan (1975), who
_exploréd the hypothesis that STS memory is not constant but varies with
the length of the TBR items. They found that: (i) memory spén is
inversely relatéd to word length across‘a wide rénge of material, énd
(2) when the number of phonemes are held constant, words of shorter
ﬁemporal duration are better recalled than words of long duration.

For the above reasons, the TBR items uéed in this study remained
a five consonant quintigram as used by Shiffrin (1973). The results of
this study support Reitman's (197h4) aséumpﬁion that a ceiling effect
was present in the data of Reitman (1971) and Shiffriﬁ (1973).

The results demonstrate that, in conjunction with the ceiling
effect, an increasing difficulty of recali (Reitman, 19T4) was brought
out as a résult of the STS recail time extension. Recall performance
did decreasé with the passage of time, but the decrease occurred as a
conseduence of time passage rather than with an increase in the number
.of'TBR items. This would lead to the conclusién that the ceiling
effect was presenf in thé previous studies of Reitman (1971) and
Shiffrin (1973) but that the recall periods were too brief @é re#eai

the effect.
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As to the question of signal detection as an effective rehearsal
preventor, it was shown that rehearéal was. elther not present or had
little effect on the Ss STS recall ability. If réhearsai had been an
~ important factor, STS recall performance should have remained at the
high.levels at the longer recall periods (60 sec. and 120 sec.j that
e#isted in the first few seconds (8 sec.). This was definitely not the
observed result. |

Accepting the hypothesis that rehearsal facilitates transfef
between theISTS and the LTS, a LTS post test wbuld have produced data
pointiﬁg‘to tﬁis,transfer, . The results'did not_sﬂow fhis conéequence,
thué it caﬁ-be coﬁcluded that rehegrsal was either not present,‘or, if.
pfesént, not effective.

Other types of fehearsal (i.e., maintenance type rehearsal, such
as discussed by Jacoby et al., 1972) may also be disavowed as being a
factor in this study, as the STS trace was not maiﬁtained-at the very
high 1evelé demonstratgd at shorter recall periods. Signal detection,-
 as used in this study, seems to be an effective agent that either
prevents rehearsal or reduces fhe rehearsal strategy to the péint that.
the STS trace shows a significant decreasg in recall performance.

In comparing the results of this étudy (Table 1, page 18) wiﬁh 
those of Shiffriﬁ (1573) (Table 2, page 19), it iévnoted.that the
quintigram P(C) and P(Jj), Table l.values aré.nét as high as the quinti-

gram P(C) and P(j), Table 2 of Shiffrin's (1973) study. It is assumed-
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that these discrepancies reflect the differences in -equipment- sophis-
tication and small differences in methodology. These diffefences -
aécommodate differences in the eguipment available. It is believed
that this study woﬁld havé pfovided more-positive results in relation
to the'hypdthesis if theé .equipment and pethodology differences had been
correctgd; ’ |
In summation; é ﬁodel,of STS forgetting'proﬁosed by this study .
would include a limifed capacity systém; The 1imit of the store is
inversely related to STs regall item lengﬁh. Ttems are believed to be
lost through thé passage of time when no new interfefing:items are
introduced into the STS system. STS féfgetting is due to both decay
and interference. Porgetting is a function of: (1) similar inter—
“fering items; (2)‘inéréaéédxnﬁm5er of phonemes; and-(3)‘loss of items"
through'the.paésage of tiﬁei_ Bach of fheég causes df forgetting has
pfécedenf overlfhé néx%? respéétively; in'acceleratipg‘STS forgetting.
ﬁecent feéearéh (Benpétf, 1975)'was concerned with the funda-

mental fﬁrgettiﬁg process implied By (2)_ébpve, which Questions whether
the.fofgetfing:proéess is%inﬁerférence frqﬁ interﬁal competitipn'ér‘a'
simpie process of decay. Further iﬁvestigation may be able to
deferﬁine if decay is~f§sponéible for STS forgéftiﬂg in this study, or
if the prbcéss of intra-unit interferenee is the ageqt.of STS memory

loss. T . !




CONCLUSION

The extension of Shiffrin's (1973) stud& was helpful in
exploring the STS forgettipg process. The'possibility of a ceilingh
effect, as first discussed by Reitman (1974), éontributed to theAfaét
that the Ss in the Reitman (1971) and the 'Shiffriln (1973) studies
-exhibited'iittle or no forgetting for recall pgriods of uﬁ to 40
seconds. It seemed logical-to question what wouid hapben after ‘40
seconds. | | | '

Employing the methods ,de{rised by Shiffrin (1973), the recall
périod was eﬁtended fo 120 seconds. Shiffrin's technique involved the
use of a.signal detection task to prevent rehearsal while no new
.material was iﬁtroduced into the STS system.

It has been well established (e.g. Atkinson and Shiffriﬁ, 1971
ﬁeifman,.l971; aﬁd Sﬁiffrin; 1973) that interference was an effective.
agent in producing forgeﬁting from the STS. It has also been proposed
(efg. Adams, 1967; Brown, 1958; Keppel-énd Underwood, 1962; Murdock,
"1961; Watkiné et al., 1973) that decay was a factor in short tefm
forgetting. Reitman (197L4) states that forgetting should include both
decay and interference as sources of recall item losé. Shiffrin (1973)
found no evidéncé to support decay as a reason for forgetting.

\ y By extending'ﬁhe recall periods with fhe‘aid of techniques
iﬁcorporated-by Shifffih; this study'sgpported Reitman's (197L4) .
sugggstion that a éeiling.éffect was present in the Shiffrin (i973)

study. Shiffrin's (1973). own methods were used to show the presence of
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a ceiling effect, was responsible for the high probability of recall in
earlier studies.

It was concluded in this study that the decline in recall
performance,‘without the influence of the interjection of new items
(interfering or displacing items) was the product of a decay mechanism.
This conclusion lends support to Reitman's (19TV) model of STS memory

'that_includes the processes of deéay as well as interference as causes

- of forgetting.

Suggestions for Further Research

Recent evidence (Bennett et al., 1975) suggests that.the term
"decay“ is not correct. TForgetting is possibly a process of inter-
ference from internal competition. If this hypothesis is wvalid, there
may not be simple loss of STS memory due to the passage of time, but a
complicated intra-unit interferencé. The parameters of STS forgetting
ﬁay be further defined by varying the STS load and increment; df the
recall périods.

Furthef research may.benefit from a 7 different measures tech-
nique developed by Reitman (1974) which could he1§ to determine the -
étrengths and typés of mechanisms fhat'contribuﬁe to BTS forgettipg.

A combinatién of the above techniques may provide a valuable

téol to help researchers invesﬁigate the mechanisms of STS forgetting.
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