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Abstract—Recent research questions the
existence of a short-term storage mech-
anism capable of holding limited in-
formation temporarily. Specifically,
serial-recall results with a through-list
distractor (TLD) procedure, in which a
distracting task is interposed between
list items as well as between the list and
recall period, generally resemble the re-
sulty of immediate-recall procedures.
The present study, however, reconfirms
the utility of short-term storage by dem-
onstrating an important difference be-
tween Immediate and TLD recall. A
word-length effect, or advantage forlists
of shorter words {which minimize short-
term forgetting during spoken recall),
did not occur with a TLD procedure.

A widely employed concept in mem-
ory theory is short-term storage, mani-
fest in temporarily heightened accessibil-
ity of recently acquired information
(Atkinson & Shiffrin, 1968: Broadbent,
1958; Cowan, 1988). In ordinary list-
recall procedures that have been used to
study short-term storage, which we term
immediate-presentation ([P) procedures,
a series of words is presented on each
trial. and subjects are to recall them, ei-
ther at once or after a delay perod filled
with a distracting task. A large role of
shori-term storage has been inferred
from such tasks, partly because there is
an advantage for the most recent items
that is greatly diminished by a postlist
delay period (Glanzer & Cunitz, 1966).

Recently, some investigators have
questioned the existence of a separate
shori-term storage mechanism (Crow-
der, 1989, 1993; Greene, 1986b; Nairne,
1992). One main source of doubt is re-
search using the through-list distractor
(TLD) procedure, in which a distracting
task 12 to 30 s long is presenied immedi-
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ately before the list and after each list
item. Despite the recall delay imposed
by the last distractor period, TLD pre-
sentation also produces an advantage for
the most recent items {Bjork & Whitten,
1974) and other effects that previously
had been attributed to shori-term storage
(Gardiner & Gregg. 1979; Glenberg,
1984; Greene, 1986a). However, the
present article demonstrates that at least
one important effect in list recall that
has been taken (o support short-term
storage. the word-length effect (Bad-
deley, Thomson, & Buchanan. 1975;
Cowan et al., 1992), is not repiicated
when a TLD procedure is used.

Baddeley et al. (1973) found that lists
of short words are recalled more suc-
cessfully than lists of longer words. This
phenomenon has been explained on the
grounds that the phenological represen-
tations of some words are lost from
short-term storage while other words are
being covertly rehearsed or overtly pro-
nounced, with the extent of loss depen-
dent on the duration of the articulated
words (Baddeley, 1986).

Further strengthening the assumption
that short-term storage mechanisms un-
derlie word-length effects, Cowan et al.
(1992) found that such effects are not
based primarily on covert rehearsal. This
study manipulated the lengths of words
in the first and second halves of the list
independently and required either for-
ward or backward recall. The length of
words in whatever half of the list was to
be recalled first significantly affected
performance across the list, whereas the
length of words to be spoken later made
littie difference. The finding was espe-
cially striking in backward recall, be-
cause only the length of words presented
in the second half of the list (those words
to be recalled first) had a significant ef-
fect, even though the words presented
first (to be recalled later) were available
for rehearsal longer. This result sug-
gests, as the primary mechanism of
word-length effects, that a short-term
memory representation of some words

deteriorates during the time that it takes
to pronounce other words aloud in re-
call.

The present research replicates the
especially diagnostic, backward-recall
portion of Cowan et al. (1992) with both
IP and TLD procedures, If the short-
term storage account of the word-length
effect is correct. then this effect should
not emerge in the TLD procedure be-
cause short-term storage of the items
should be lost during the postlist distrac-
tor period regardless of word length. If,
however, time per se does not matter in
list recall (as, e.g., Crowder, 1993, sug-
gested), then similar effects should be
obtained with the IP and TLD proce-
dures.

METHOD

Subjects

The subjects, 60 introductory psy-
chology students, received course credit
for their participation,

Apparatus and Stimuli

Stimuli were presented onan IBM AT
computer screen, in a normal font, with
green lettering on a black background.
Short {(monosyllabic) words were drawn
from the set fan, hat, leaf, snail, toast,
and yarn, whereas long (trisyllabic)
words were drawn from the set banana,
grandfather, kangaroo, newspaper, po-
liceman, and wmbrella. The word sets
were matched for word frequency (Car-
roll, Davies, & Richman, 1971). In prac-
tice trials, the words rabbit, table, and
window were used.

Procedure

Subjects were run individually in a
quiet room, for about 1.5 hr per subject.
Half of the subjects received the IP pro-
cedure first, and half received the TLD
procedure first. Stimuli were random-
ized anew for each subject. Within both
the IP and the TLD procedures, trials
were presented in blocks of four that in-
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cluded randomly ordered SS, SL, LS,
and LL trials, where S and L refer to the
short versus long length of words in the
first and second halves of the six-item
list (e.g., SL signifies three short words
followed by three long words). On each
trial, the word for each serial position
was randomly selected without replace-
ment from the appropriate set (short or
long). There were 24 test trials in each
procedure. The IP and TLD procedures
each began with three practice trials in
which the method was the same as in the
test trials (to be described), except that
each practice list was only three words
long.

The experimenter pressed a computer
key to initiate each test trial, which be-
gan with the word “READY"’ centered
on the screen for 2 s. Immediately after
that, six words were presented individu-
ally for | s each, centered on the screen.
In the IP procedure, the I-s intervals
were immediately juxtaposed. in the
TLD procedure, however, digits ran-
domly selected from the set | through 9
were presented, centercd on the screen,
one at a time at the rate of 500 ms per
digit for 15-s intervals immediately pre-
ceding the first word and following each
word in the list. In both conditions, the
words were spatially surrounded by sev-
eral blank spaces that were in turn sur-
rounded by asterisks, to help set words
apart from the digits used in the TLD
procedure. The subject was instructed to
read each word and each digit aloud as it
appeared on the screen,

The response mode (paced or un-
paced) differed for two groups of 30 sub-
jects, though this variable proved not to
matter. For the paced-recall group, im-
mediately after the last word or digit dis-
appeared from the screen, the sign
##9% gppeared, and additional *t¥7
signs were added, at a rate of 2 s per
sign, until six of them appeared on the
screen. These signs formed a diagonal
pattern beginning about 1 cm below and
right of center, and progressing upward
and leftward to remind the subject of the
backward order of recall. When the last
«#9%> gjon had appeared for 2 s, the
signs were removed and the word
“STOP™ appeared, centered on the
screen. Subjects were to recall the words
aloud, backward, at a pacc of one word
per "7 gign, and no recall was per-
mitted after <“STOP"" appeared. For the
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for the four types of

Table 1. Proportion correct for each half-list
word lists

Length of words in Serial
Positions 1-3 and 4-6

Serial Positions

1-3 4-6

Immediate-presentation procedure

Short, short 39 .82
Long, short 41 BT
Mean, short second half .40 85
Short, long .38 .85
Long, long 30 81
Mecan, long second half 34 83
Through-list distractor procedure
Short. short 37 48
Long. short 49 .36
Mean, short second half 43 .32
Short, long 44 .61
Long, long 48 59
Mean, long second half 46 .60

Nore. Words were to be recalled in backward order.

unpaced-recali group, however, the Jast
word or digit was followed immediately
by a row of six question marks and a
300-ms, 300-Hz tone, and the subject
was simply to recall the words backward
at whatever pace worked best. Subjects
in both groups were cncouraged to guess
if they could not remember & word, and
to say ‘‘blank’ as a placeholder when-
ever they could not guess.

Notice that subjects had at least as
much time to process and retrieve each
word in the TLD procedure as in the [P
procedure. Although the shadowing task
was quijte difficult and likely to have
blocked rehearsal in those intervals, sub-
jects managed to follow directions well.
The experimenter sat guietly behind the
subject, out of view, and recorded the
responses. Then the experimenter
pressed a key to show the correct se-
quence on the computer screen, both for
recording purposes and to provide feed-
back to the subject.

RESULTS

Each item was scored as correct only
if it was reported in the correct serial po-
sition counting from the beginning of the
list. As there was no hint of an cffect of
recall pacing, the proportions correct for
the various within-subjects conditions
are shown collapsed across the two re-
call-pacing groups in Table 1.

The effects of word length were quite
different in the IP and TLD procecdures,
just as one would expect on the basis of
a short-term storage account of the data.
In the IP procedure, which closely rep-
licated Cowan et al. (1992) with a ditfer-
ent set of words, the critical findings
were an advantage for lists with a second
half comprising short rather than long
words. F(1, 58) = 11.51, p < .002, and
the absence of a comparable effect of
first-half-list word length, F(1, 38) < 1
(see top halves of Table 1 and Fig. 1). As
shown in the figure, the effect of second-
half-list word length was largest for the
first few serial positions. This was as ex-
pected given that the first few list items
were the ones recalled last, their short-
term memory representations could be
lost while items c¢loser to the end of the
list were being recalled. Supporting this
interpretation. the Second-Half-List
Word Length x Serial Position interac-
tion was significant, F(5, 290) = 4.02, p
< .002.

The IP results did differ slightly from
those of Cowan et al. {1992), who ob-
served a slight upturn for the list item
recalled last, above the level for the pre-
viously recalled item. A difference be-
tween studies that could have produced
this minor discrepancy is that only sub-
jects in the present study knew before
the list presentation that they would
have to recall the list backward. As a
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Fig. 1. Proportion of correct responses for each input serial position in the immediate-
presentation (IP) procedure (top) and the through-list distractor (TLD) procedurc
{bottom)}, for lists with short words (solid lines) versus long words (dashed lines) in the
second half-list. (Results are collapsed across lists with short versus long first halves.)
Words were to be recalled in backward order. The TP results closely replicated Cowan
et al. {1992), but an advantage for short words was not obtained in the TLD results.

result, they may have used a special re-
hearsal strategy in which the first scrial
position was deemphasized.

In the TLD procedure, in striking
contrast to the IP procedure, perfor-
mance was better for lists in which the
first half contained long rather than short
words, F(1, 58) = 17.58, p < 001, and
also for lists in which the sccond half
contained long rather than short words,
F(1, 58) = 20.26, p < .001. These re-
versed word-length effects are shown in
Table 1, and, for the sake of comparison
with the IP procedure, the second-half
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word-length effect is shown by serial po-
sition in the bottom half of Figure 1.
Clearly, the ordinary advantage for short
words emerged only with a truly short-
term recall procedure. not with a distrac-
tor period after each list item.

The unimportance of response pacing
for the pattern of word-length effects fur-
ther clarifies the nature of short-term
memory loss in the IP procedure. Appar-
ently short-term memory loss does not
occur constantly during the recall pe-
riod; it accurs primarily while the subject
is speaking, a duration that is affected by

word length but not by response pacing.
The reason may be that subjects can use
covert processes to refresh their memory
during mterword pauses within their re-
sponses, a hypothesis that is supported
by evidence that memory span is related
to the speed of processing during inter-
word pauses (Cowan, 1992; Cowan et
al., in press).

Because the advantage for long words
in the TLD procedure was unantici-
pated, possible bases of this effect were
investigated in a new group of 20 sub-
jects. One possibility was that the short
words were more similar to one another
than the long words. To examine this
possibility. we asked subjects to judge
the similarity of pairs of words from the
memery lists ona scale from | (very sim-
ilar) to 10 {very dissimilar). The subjects
were told that similarity ratings could
“take into account the words' meanings.
how they are written. and how they are
spoken.”” No significant difference in the
judged interitem similarity of short (M =
6.88) versus long (M = 6.73) words was
observed. We also investigated the pos-
sibility that short words were more diffi-
culi w form a mental image of than long
words. The words from the memory lists
were judged individually on a scale from
1 (very easy to form an image) to 10
{very difficult to form an image). The
short words (M = 2.43) were judged
slightly more difficult to image than the
long words (M = 1.92), F(1, 19) = 7.39,
p < .02,

In sum, although a difference in m-
ageahility could explain the advantage
for long words in the TLD procedure, in
the IP procedure, short words were re-
called best despite their imageability dis-
advantage. It would be difficult to ac-
count for this finding without proposing
that an additional mechanism comes into
play in the IP procedurc. The results of
the memory experiment suggest that the
additional mechanism is short-term
memory loss during spoken recall, with
greater loss occurring during the recall of
longer words.

DISCUSSION

Some investigators have emphasized
the similarity of findings tn the ordinary
IP and ihe TLD versions of serial verbal
recall and have used these similarities to
argue that there is no special short-term
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storage mechanism (Crowder, 1989,
1993; Greene, 1986a, 1986b). The
present research indicates that there are
important differences between the IP
and TLD results, with only the TP pro-
cedure yielding the advantage for short
words that was discovered by Baddeley
et al. (1975) and refined by Cowan et al.
(1992). The differences observed can be
explained by the assumption that there is
a transient form of memory representa-
tion that cannot operate over long dis-
tractor-filled intervals. This form of
memory would work in combination
with other factors, such as the temporal
distinctiveness of items in the list, that
apply at either short or long intervals.
The present study thus reconfirms the
utility of the concept of a functionally sep-
arate short-term memory storage system,.
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