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ABSTRACT

The present investigation includes theoretical and experimental
comparisons of short-term memory for temporal and spatial order infor-
mation. Two questions are of central interest: whether short-term
memory for letter sequences is limited to a verbal-acoustic coding pro-
cess and whether the loss of information from short-term memory results

from interference or from a mere decay with time.

The basic experimental paradigm employed in the present study was
the Brown-Peterson design. The items to be recalled were sequences of
four consonants presented visually in varying temporal and spatial ar-
rangements. On each trial the to-be-remembered sequence of consonants
was followed by an intervening task which in general consisted of digit
shadowing. At the end of the retention interval the subject recalled
the consonants in the order in which they were presented on the given

trial.

Two experiments were conducted which dealt exclusively with memory
for temporal order information. These studies provided an experimental
separation of item and order information. In one experiment, the sub-
ject was required to learn only order information, and in the other, he
was required to learn only item information. Two Markov models were
proposed to describe behavior in these experiments as well as in an ex-
periment by Bjork and Healy (1970) where both item and order informa-
tion had to be learned. The models provided good fits to the data of
the Bjork and Healy experiment and of the experiment where the subject
had to learn only order information. This result supports the notions
that in these situations acoustic coding is employed, item and order in-
formation are lost independently, and each item is independently repre-

sented in memory.

In five additional experiments, temporal and spatial order infor-
mation were varied independently. These studies revealed a considerable
difference between short-term memory for temporal and spatial order in-

formation. There was no evidence for acoustic coding in the spatial



order recall case as there had been in the case of temporal order re-
call. In addition, the time course of forgetting in spatial order re-
call was much flatter than in temporal order recall. The latter finding
was explained in terms of the intervening task. Similarity of the pro-
cesses involved in the intervening and recall tasks, rather than simi-
larity of the items involved in the two tasks, was found to be the es-

sential determinant of intervening task effectiveness.

A probabilistic model was proposed to account for the spatial or-
der recall situations and provided a good fit to the data. The model
incorporates the notion that in spatial order recall the basic memory
unit is the temporal spatial pattern of item presentations, rather than

a representation of each separate item as in temporal order recall.

These studies ruled out the notion that short-term memory for let-
ter sequences is limited to a verbal-acoustic coding system. Evidence
was found instead for a flexible coding system. Although the present
results could not settle the question of whether forgetting is due to
interference or decay, they do suffice to put restrictions on the form
of an acceptable decay or interference theory. It is concluded that an
acceptable decay theory must postulate different types of rehearsal,
and that an acceptable interference theory must postulate process simi-

larity as well as item similarity as a source of interference.
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I. INTRODUCTION

The aim of the present research is to understand the nature of
short-term memory for letter sequences. Two questions are of central
interest. One question concerns how information is stored and main-
tained in memory and the other question concerns how information is

lost from memory.

In the past these questions about short-term memory have been vari-
ously answered. As for the first question, some psychologists (e.g.,
Atkinson & Shiffrin, 1968; Sperling & Speelman, 1970) argue that, des-
pite variations in the to-be-remembered material, all items are coded
in short-term memory in a given form and are maintained in memory by a
given form of rehearsal. However, other investigators (e.g., den Heyer
& Barrett, 1971; Kroll, Parks, Parkinson, Bieber, & Johnson, 1970) have
provided evidence for a more flexible coding process. Their studies
have shown that the type of coding employed depends on the type of ma-
terial to be learned and on its method of presentation. The second
question concerning the nature of forgetting is also controversial. On
the one hand are psychologists (e.g., Broadbent, 1963; Brown, 1958) who
conceive of forgetting as a decay of information during time when no re-
hearsal is permitted. On the other hand are psychologists (e.g., Reit-
man, 1971; Waugh & Norman, 1965) who contend that items are forgotten
only if they are interfered with by other items.

By and large, the experimental situation employed to attack these
questions has been the Brown-Peterson paradigm (Brown, 1958; Peterson &
Peterson, 1959). In this situation a sequence of items to be remembered
is presented to the subject followed by an intervening task designed to
be so difficult that the subject is unable to rehearse the to-be-remem-
bered sequence. Substantial forgetting is then observed after only a

few seconds of the intervening activity.

Consideration of such a situation enables one to rephrase the con-
troversial questions discussed above in more specific terms. For ex-

ample, it is known that if no intervening task is included, so that the



subject is able to rehearse the items, and the number of items in the
sequence is within the subject's short-term memory span (Miller, 1956),
then no forgetting occurs (e.g., Brown, 1958). The question then
arises: What is it about the intervening task that causes forgetting?
Is the intervening task effective merely because it prevents rehearsal,
or is it effective rather because it consists of items that are similar
to the to-be-remembered items? This question clearly relates to the
aspect of the controversy concerning whether forgetting is due to in-

terference or a mere decay with time.

Specific questions about this experimental situation also bear on
that aspect of the controversy concerning the form of information stored
in memory. One may ask whether the items of the sequence are separately
represented in memory or whether the sequence as a unit is represented
in memory. Similarly, one may be led to question whether the informa-
tion about the specific items that make up the sequence is lost separ-

ately from information about the order of the items in the sequence.

Coding of Information

Although, for the most part, these questions have not been resolved,
advances have been made. With regard to the question of the form of in-
formation stored in short-term memory, a large body of evidence has been
accumulating which suggests that acoustic information is employed even
when the items are presented visually (e.g., Conrad, 1964). Conrad
showed that a large proportion of the errors on to-be-remembered items
are instances in which the correct item is replaced by another item
with which it is acoustically confusable. More specifically, studies
have indicated that when consonants are incorrectly recalled, consonants
substituted for the correct ones have either a vowel or a consonant pho-
neme in common with the correct ones (Wickelgren, 1965a). Later studies
where degree of vocalization (Murray, 1965) and amount of subvocaliza-
tion (Glassman, 1972) of the to-be-remembered items were manipulated,
as well as studies where items other than those to be remembered were
vocalized upon presentation of the critical items (Estes, 1973; Murray,

1967; Peterson & Johnson, 1971), have demonstrated that phonemic




encoding depends upon auditory presentation or articulation of the cri-
tical items. Furthermore, it has been shown (Adams, Thorsheim, &
McIntyre, 1969) that such acoustic coding occurs only when items are

presented successively, not simultaneously.

The question then arises: In these cases where phonemic coding is
not possible, is an alternative form of coding employed? While some
investigators (e.g., Levy, 1971) have found that memory for items nei-
ther articulated nor heard is close to the chance level, other investi-
gators have found evidence for alternative forms of coding. For exam-
ple, in a series of experiments by Kroll, Parkinson, and their colleagues
(Kroll, Parks, Parkinson, Bieber, & Johnson, 1970; Parkinson, 1972;
Parkinson, Parks, & Kroll, 1971) retention of letters presented visually
with no articulation possible because of an auditory shadowing require-
ment was in fact superior to retention of letters both heard and articu-
lated after a fairly long retention interval. At first glance this di-
vergence in findings seems to be attributable to differences in the task
intervening between presentation and recall. In Levy's experiment items
that intervened between the presentation of a to-be-remembered item and
its recall were auditorily presented only when the to-be-remembered
item was presented auditorily, whereas in the Kroll and Parkinson series
all intervening items were presented auditorily. However, in other
studies also employing acoustic intervening tasks, visual presentation
was not found to be superior (Cooley & McNulty, 1967; Grant & McCormack,
1969) as it had been in the Kroll and Parkinson series. Scarborough
(1972a) attempts to resolve this discrepancy by proposing that in the
experiments by Cooley and McNulty and by Grant and McCormack, the visu-
ally presented items were not accurately perceived. He demonstrated
that when this problem was alleviated, visually presented items did

show superior retention at the longer intervals.

Other researchers have manipulated the intervening task variable
to show that visual as well as acoustic coding is employed in short-
term memory and that the two types of coding are differentially affected

by changes in the intervening task. For example, Margrain (1967) showed



that interpolated written and verbal recall differentially affected re-
tention depending on whether the to-be-remembered items were presented
auditorily or visually. Similarly, den Heyer and Barrett (1971), using
intervening tasks comprising either orally presented digits or visually
presented dot patterns, showed that retention of letter identity and of
letter spatial position in an array were differentially affected by the
intervening tasks. In a similar experiment, Meudell (1972), using an
intervening task consisting of either backward counting or eye move-
ments, also showed that memory for letter identity and for letter spa-
tial position were differentially affected by the intervening tasks.
Furthermore, Atwood (1971) showed that an intervening task where digits
were presented visually interfered more with retention of high-imagery
phrases than did an intervening task where the same digits were presen-
ted auditorily; the relative interfering effects of the two intervening

tasks were reversed for the retention of abstract phrases.

Evidence for various types of short-term memory coding also comes
from quite different paradigms. Brooks (1968) showed that information
about a visually presented line diagram held in memory is easier to give
vocally than by spatially monitored output; but the reverse holds for an
auditorily presented sentence. Another interesting series of experi-
ments (Sanders & Shroots, 1969; Scarborough, 1972b; Henderson, in
press), suggests that auditorily presented items do not compete with
visually presented items for short-term memory capacity. One item of
evidence for this conclusion is the observation that the number of audi-
torily presented consonants recalled is unaffected when a number of spa-
tial locations are additionally held in memory (Sanders & Shroots,
1969).

Independence of Item and Order Information

The specific question of whether item and order information are
lost independently also has been given considerable attention. Conrad
(1965) argued that the order errors he observed in his experiment were
a by-product of acoustic confusion errors and completely dependent on

them. However, Bjork and Healy (in press) pointed out that there



are problems with Conrad's analysis which result from his considering
only a subset of his data and from his particular error classification
scheme. Murdock and vom Saal (1967) also concluded that item and order
information are interdependent on the basis of a study employing word
trigrams which revealed that item errors increased with increasing or-
der errors. Again however, Bjork and Healy found a problem with their
analysis. Murdock and vom Saal failed to present their analysis separ-
ately for each retention interval, and consequently their findings
could result merely from the fact, already demonstrated, that order and
item errors both increase with increasing retention interval. Bjork
and Healy further noted that, in fact, Murdock and vom Saal's study
could be considered to lend some support to the concept of independent
loss of item and order information since their subjects made more order
errors but fewer item errors in recall of same-category trigrams than
different-category trigrams. Another quite different experiment by
Wickelgren (1965b) also demonstrated that item and order errors are
differentially affected by item similarity. This experiment involved
the recall of strings of letters that were either acoustically similar
or different; ordered recall was poorer in the acoustically confusable
strings, but item recall either did not discriminate between the two

types of strings or was superior in the confusable strings.

Thus item similarity seems to be the type of variable Conrad (1965)
was seeking when he remarked, '"What would be crucial is a variable that
.+. could be shown to affect order of items differentially from the
items themselves (p.169)." Additional variables have been found to af-
fect retention of item and order information differentially. In a series
of short-term memory experiments Wickelgren (1964, 1967) imposed limi-
tations on the size of rehearsal groups or chunks. He found that al-
though both recall of items and recall of correct serial positions of
the items increased similarly from rehearsal group size one to size
three, recall of positions declined much more sharply than recall of
items from size three to size five. And in an experiment involving the

probed recall of words in strings of length five, order errors yielded



a bow-shaped serial position curve, whereas item errors yielded no such
function (Fuchs, 1969). Similar results were found by McNicol (1971)
in an experiment involving the probed recall of digit strings of length
five and by Aaronson (1968) in a serial recall experiment involving

seven—-digit sequences.

Decay vs. Interference

Along with these advances in determining the form of information
stored in memory, advances have been made towards answering the question
whether forgetting of such information is due to a mere decay with time
or to a specific interference from intervening items which are similar
to the to-be-remembered items. Various arguments have been made to sup-
port the notion of decay of information with time (e.g., Broadbent,
1963; Conrad, 1967); yet perhaps the most insistent argument (see Brown,
1958) is that in short-term memory experiments variations in the inter-
vening task do not affect the amount of forgetting; as long as rehear-
sal is prohibited, forgetting takes place despite the specific nature
of the intervening task. Differences in intervening task effectiveness
have been shown, but in a great number of cases these differences have
been attributed to the fact that different tasks allow different amounts
of rehearsal. For example, Posner and his colleagues (Posner & Konick,
1966; Posner & Rossman, 1965) have found that intervening task effective-
ness varies with task difficulty in terms of the amount of information
reduction required. They attributed this variation to the use of the
same limited capacity information processing system by rehearsal and
intervening task processes. Presumably rehearsal processes can coexist
to a greater degree with tasks that require a smaller amount of this
capacity. From studies using various key-pressing tasks as interpolated
activities, Crowder (1967a, 1967b) drew a similar conclusion that the
extent of rehearsal in a short-term memory task may be controlled by
variations in the filler task. Here evidence for rehearsals came from
key-pressing scores which were lower on memory trials than on control

trials where no items were to be recalled.



Those who are opposed to decay theory have argued, however, that
not all variations in intervening task difficulty are attributable to
differences in the amount of rehearsal permitted. Reitman (1971)
claimed to have found an intervening task that successfully prevented
rehearsal but caused no forgetting. She had subjects learn word tri-
grams and then perform an interpolated signal detection task. No for-
getting was evidenced across the fifteen seconds of intervening activi-
ty. Reitman contended that no rehearsal occurred since no decrement
was observed on the detection task when it was compared to a control
condition where no recall was involved. However, it is conceivable
that rehearsal could be carried out without detriment to the performance
on the detection task. In an extended replication of Reitman's study,
Shiffrin (1972) tried to overcome such objections by including a condi-
tion where subjects were specifically told to rehearse and by finding a

superiority for this condition.

Nevertheless, it is possible that the signal detection task Reit-
man used was not difficult enough to prevent rehearsal. If a task
could be found that is known to prevent rehearsal but that produces no
forgetting, a stronger case could be made against decay theory. In fact
there are instances where an intervening task has been found that causes
a large decrement in the recall of one type of material but not of
another type. In these cases it could be argued that since the inter-
vening task caused forgetting of one type of material, the task was
difficult enough to prevent rehearsal. If that argument is granted, de-
cay theory could not explain why the same task did not cause forgetting
of the other type of material. On the other hand, interference theory
could simply account for the results by explaining that the intervening
task was similar to the one type of material and thus caused interfer-
ence with it but not with the other type of material. 1In another series
of studies by Wickelgren (1965c, 1966) four-letter strings were to be
recalled after an intervening task which involved letters that were
either acoustically similar or dissimilar to the letters to be recalled.

Wickelgren found that acoustically similar items produced much more



interference than did dissimilar items. Similar results come from an
experiment by Tell (1971) where consonant trigrams, either voiced or
not, were to be recalled after an interpolated task that involved re-
sponding either verbally or manually to a series of digits. Tell found
that both intervening tasks depressed recall considerably when voicing
of the consonants was suppressed; however little forgetting occurred

in the voiced condition with the manual interpolated task. Similarly,
in the experiments discussed above by Meudell (1972), Margrain (1967)
and den Heyer and Barrett (1971), intervening task effectiveness was
shown to vary depending upon whether the recall material was acoustical-
ly or visually coded. For example, Meudell found that recall of verbal
material (letters) was hardly affected by an eye-movement task but was
considerably affected by a task involving backward counting. On the
other hand, the nonverbal material (spatial positions) evidenced con-

siderable forgetting during both of the intervening tasks.

These experiments, though, constitute a refutation of decay theory
only if it can be assumed that a given intervening task prevents re-
hearsal to the same extent despite variations in the nature of the to-
be-learned material. This is a reasonable contention if rehearsal is
defined in the manner of Reitman (1971) as "conscious purposeful sub-
vocal repetition of the items to be retained." However, it may be that
there are several kinds of rehearsal. For example, rehearsal of verbal
material may be very different from the rehearsal of a sequence of tones
(e.g., Deutsch, 1972). A given intervening task that prevents one type
of rehearsal but not another would be expected to cause forgetting of
one type of material but not of another. If such arguments are made,
then whenever confronted with an intervening<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>