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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
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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

ouslyanswered. As for the first question, some psychologists (�.�.,
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.�., 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 (�.£., 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 (�.�., 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
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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 (�.�., 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.

Coding of Information

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.

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 (�.�., 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 subvoca1iza­

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
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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.�., 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
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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
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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
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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 js 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.£., 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.
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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. In 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
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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.�., 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 task that caused no for­

getting of a certain type of material, proponents of decay theory could

claim that the intervening task allowed the specific type of rehearsal

necessary to remember that type of material.

If rehearsals themselves could be monitored such claims could be

verified. �ith that goal in mind consider the experiment by Kroll and

Kellicutt (1972) where they specifically measured the extent of rehearsal
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during interpolated activity by asking subjects to report rehearsals

via button pressing. They found different intervening tasks to vary

considerably in the number of rehearsals observed. However, what is

more interesting is their finding that a given intervening task that

allows a given number of rehearsals produces different amounts of for­

getting depending on the recall task. An auditory shadowing task that

allowed five rehearsals resulted in 100% recall when the to-be-remem­

bered material was presented visually. On the other hand, the same

task, even when it allowed as many as six rehearsals, yielded only 50%

recall when the to-be-remembered material was presented auditorily.
This last experiment seems to provide just the evidence necessary to

refute decay theory. Yet even this last experiment has its problems.
One could argue that for some reason or other subjects are able to re­

port only certain types of rehearsals, or that rehearsals of auditory
material are easier to detect than rehearsals of visual material.

Therefore, it seems that present techniques offer no way of discrimin­

ating decisively between interference and decay theories. Nevertheless,

the present techniques may allow one to put restrictions on the accept­

able form of decay or interference theories. For example, the pre­

ceding arguments suggest that an acceptable decay theory must postulate

different types of rehearsals. This conclusion suggests that the two

controversial questions discussed at the start are not entirely inde­

pendent. Decay theory must be linked with a flexible coding process in

order to be viable.

Present Study

The aim of the present study is to provide further insights into

these questions of how information is stored in memory and what causes

this information to be lost from memory. The literature provides clear

evidence for an abundance of acoustic confusion errors; yet there is

not a clear picture of how these errors change during the retention in­

terval. The present study attempts to answer this question as well as

the related question of whether these confusion errors reflect imper­

fect storage (input coding) of information or a loss of information
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during the retention interval.

It is recognized that acoustic coding may not be the only form

available to a subject who is given a particular kind of input. Thus

an attempt will be made to determine whether the manner in which a set

of items is coded depends on the manner in which the given set of items

is to be recalled.

Finally, the present study includes a detailed consideration of

the possible interdependence of item and order information in memory

and the question whether each item in a sequence is independently re­

presented in memory or whether the sequence of items is stored as a

unit. Attention will be given to the possibility that the answers to

these questions about independence depend on the specific experimental
situations considered.

The present study seeks to achieve these various goals by means of

a two-stage approach. Firstly, a number of variations on the experi­

mental paradigm developed by Conrad (1967) are employed in order to

trace the forgetting of item and order information separately and in

combination throughout a retention interval. Secondly, short-term memo­

ry for temporal and spatial order information are compared in the same

basic experimental situation.

Various aspects of the method used here to compare memory for tem­

poral and spatial order have been anticipated by other investigators

(Lundberg & Book, 1969a, 1969b; Mandler & Anderson, 1971; Murdock, 1969;

Slamecka, 1967). The present study differs from all of those previously

reported in utilizing the particular combination of conditions required

to generate evidence bearing on the theoretical questions at issue.

These essential conditions include (1) control of subjects' vocaliza­

tion and preclusion of rehearsal both during item presentation and du­

ring the retention interval; (2) testing of memory at a series of re­

tention intervals by an ordered recall procedure (rather than an item

or position probe); and (3) assessment of memory for temporal and spa­

tial order of items following identical conditions of item presentation.
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The present report is divided into two sections. The first sec­

tion (Chapters II and III) presents an analysis of memory for temporal
order. In the second section (Chapters IV and V) memory for temporal
order is compared with memory for spatial order. In each case mathe­

matical models describing subjects' behavior in these tasks are pro­

posed in order to test specific hypotheses about the form of informa­

tion stored in short-term memory and the manner in which information is

lost from memory.
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II. TWO MODELS OF ITEM AND ORDER INFORMATION

The immediate impetus to the present research was a series of ex­

periments conducted in the Mathematical Psychology Laboratory at Rocke­

feller University and based on an experiment by Conrad (1967). The

first experiment in the series was reported by Estes (1970). A Brown­

Peterson design was employed with four successively presented consonants

comprising the items to be recalled and digit-shadowing constituting
the intervening task. The five different retention intervals employed
were filled with sequences of 3, 6, 12, 18 or 30 digits. The presenta­

tion rate of the consonants and digits was sufficiently rapid (one item/

400 msec.) that rehearsal was greatly inhibited. On every trial the

character displayed, whether consonant or digit, appeared in the same

location of the display screen (see Figure 1). The subject read aloud

the items as they appeared and then attempted to write down the four

consonants seen on that trial in the order shown. The subject was per­

mitted to leave blanks for the letters he could not recall. The four

consonants of each trial were drawn from a population of ten consonants

which, on the basis of acoustic confusion matrices (Conrad, 1964;

Morgan, 1973), can be subdivided into three confusion sets of conso­

nants -- BCPTV FSX MN. The members of each-subset are acoustically con­

fusable with each other and relatively nonconfusable with other letters

in the population (see Appendix A).

The recall errors made on this experiment were classified into

four exhaustive categories -- confusion-transposition errors, confusion­

nontransposition errors, nonconfusion-transposition errors, and noncon­

fusion-nontransposition errors. Confusion errors are made whenever the

subject substitutes for the correct letter another letter in its confu­

sion set; transposition errors occur whenever the subject substitutes

for the correct letter one of the other three letters shown on that

trial (regardless of the subset of the substituted letter). Thus, for

example, if the stimulus string of consonants displayed to the subject

was BPSX and he made the response PTBN, his response would be scored as

a confusion-transposition error for the first letter, a confusion-
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Figure 1. Sample experimental display from Item + Order, Order'Only,

and Item Only Experiments, including views of the display screen that

the subject sees at seven successive instants in time.
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nontransposition error for the second letter, a nonconfusion-transposi­

tion error for the third letter, and a nonconfusion-nontransposition

error for the fourth letter.

The experiment was primarily concerned with the relative propor­

tions of these types of errors as a function of retention interval.

The interesting finding in this regard was that the different types of

errors showed different courses of change during the retention interval.

For instance, while the proportion of confusion errors and the propor­

tion of nonconfusion errors both increased and then declined during the

retention interval, the two types of errors peaked at very different

times.

Preliminary attempts to formulate a model to describe subjects' be­

havior during this experimental situation were fruitful (Estes, 1970)

but pointed out the necessity of redesigning the experiment to provide

additional controls. The indicated follow-up experiment was carried

out by Bjork and Healy (1970). In this new experiment the population

of consonants was modified to include four confusion sets with three

consonants in each set. The first two sets each consisted of three

letters that were acoustically confusable -- BPV and FSX. The other

two sets -- KMR and HLQ -- were control sets, including consonants none

of which are highly confusable acoustically with any consonant in the

entire population of twelve (see Appendix A).

In addition, in order to assess the magnitude of the interaction

between confusion and transposition errors, a constraint was imposed

upon the context of each particular consonant. Only two types of con­

text were permitted -- the "paired context" and the "all-different con­

text". A string of letters in the paired context included two conso­

nants from one of the two acoustic confusion sets and two letters from

one of the two control sets. For example, BKPM would be a string of

consonants in the paired context. The all-different context included

one letter from each of the four confusion sets. Therefore, BKFH would

be a string in the all-different context. In this experiment, the
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number of digits that intervened between the last consonant of a string

and recall was restricted to 3, 8, or 18, yielding the three retention

intervals 1.2, 3.2, and 7.2 seconds, respectively.

Moreover, the experimental design of the Bjork and Healy study in­

sured that across subjects each letter appeared equally often in each of

the two context types, at each of the three retention intervals, and in

each of the four serial positions. Bjork and Healy also modified the

subjects' task. The subjects were no longer permitted to leave blanks

on their response cards for any letters they could not recall. They
were rather forced to make a response for every consonant on every trial.

In addition, the subjects gave confidence ratings from one to three for

each of the four response consonants on a trial.

Twelve subjects were run in the Bjork and Healy study in two repli­

cations with six subjects in each replication. Each subject partici­

pated in two hour-long sessions. Table I summarizes the important ex­

perimental findings.

Several important features of this table should be mentioned. Each

row of the table must add to 1.00 since the classification of the sub­

jects' responses into five categories is exhaustive and nonoverlapping.

Furthermore, when a subject sees a letter from a control confusion set

and makes an error by responding with another letter in that set, his

error is scored as a confusion error even though no acoustic confusion

was made. For instance, if the subject saw a K and recalled it as an

�, he would be scored as making a confusion error since K and M are in

the same confusion set although they are not acoustically confusable.

The information about confusion errors in the control confusion sets

thus acts as a baseline with which to compare the more interesting in­

formation about confusion errors in the acoustic confusion sets. It

should be noted further that confusion-transposition errors are not pos­

sible in the all-different context; thus their entries are absent from

Table I.

Two striking features of the data of the Bjork and Healy study are
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Table I

Proportions of Response Types for Item + Order Study by Retention

Interval, Context, and Confusable vs. Control Letter Category

Context,
Errors

Letter No. of Correct Conf. Conf. Nonconf. Nonconf.

Category Digits Responses Trans. Nontrans. Trans. Nontrans.

Paired, 3 .77 .10 .02 .07 .03
Confusable

8 .56 .10 .05 .16 .12

18 .35 .11 .04 .18 .31

Paired, 3 .90 .03 .00 .05 .02
Control

8 .62 .09 .02 .13 .13

18 .39 .09 .03 .16 .34

Al1- 3 .86 .03 .09 .02

Different, 8 .64 .10 .18 .08
Confusable

18 .40 .09 .29 .22

Al1- 3 .85 .01 .11 .03

Different, 8 .65 .05 .19 .11
Control

18 .40 .08 .28 .24
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revealed by Table I. First, confusion errors are greater for the con­

fusable letters than for the control letters at the shortest retention

interval, but little difference remains at the longest interval. It

thus seems, considering the questions discussed earlier, that the sub­

ject makes use of acoustic information at first, but that this informa­

tion decays rapidly and is no longer available after a few seconds of

intervening activity. Second, transposition errors are a large source

of error at each of the three retention intervals, although their con­

ditional probability given an error was made decreases, like that of

the confusion errors, with increasing retention interval. The high fre­

quency of transposition errors suggests that when forgetting occurs the

string is not lost as a unit but rather the information about the iden­

tity of the consonants is lost independently from the information about

the order of the consonants.

Description of the Two Models

The data from the Bjork and Healy experiment gave clear answers to

the questions just discussed, but at the same time generated new prob­

lems. For example, the preponderance of acoustic confusion errors at

the shortest retention interval coupled with the relatively small num­

ber of such errors at the longest interval suggested to Bjork and Healy

that "confusion errors may be primarily the product of storage or input

coding errors occurring at or shortly after presentation. Such errors

would then be subject to loss in the same manner as information not mis­

stored. (Bjork and Healy, 1970, p.lS)." Alternatively, as Conrad (1967)

proposed, confusion errors may arise during the retention interval rather

than at storage. More specifically, Conrad felt that the subject's mem­

ory about the different features of a given string decays with time so

that as more and more digits intervene to lengthen the retention inter­

val, more and more distinguishing features or items of information are

dropped out of memory.

With the existing data it seems impossible to determine directly

whether confusion errors arise from imperfect storage or from loss of

information during the retention interval. However one method to attack



18

this problem is to devise alternative models which incorporate these

conflicting hypotheses. Then a close fit of one of the models to the

data would give support to the hypothesis which it incorporates.

Therefore, two simple Markovian models were developed which were

quite similar in all respects except that one model, Modell, includes

the assumption that confusion errors occur as a result of information

loss during the retention interval, whereas the other model, Model 2,

includes the assumption that confusion errors occur as a result of a

failure to store complete information about an item.

The two models were also designed to provide tests for the three

hypotheses discussed earlier about how information is stored in memory.

Both models incorporate each of these three hypotheses so that a close

fit of either or both models to the data would give support to these

hypotheses. The first hypothesis is that acoustic information is coded

about the items. The second is that this information about identity of

the items is lost independently from information about the order of the

items, and the third is that the string of consonants is not coded as

a unit but rather each consonant is coded in memory independently. In

order to incorporate the first of these hypotheses, both models make use

of a simplifying assumption proposed by Sperling and Speelman (1970) and

employed by Estes (1970) in his early attempts to formulate a model.

Sperling and Speelman proposed that each consonant can be represented by

exactly two critical acoustic features, one of which is common to all

those letters in its acoustic confusion set and one which is unique to

the specific consonant. Although Sperling and Speelman identified these

critical features as phonemes, work by Conrad (1964) and Morgan (1973)

seems to indicate that while consonants with common phonemes are con­

fusable, a phonemic classification cannot completely account for the

observed confusion matrices. Therefore, for the present analysis, the

exact nature of these critical features is left unspecified.

In any case, considering only the consonants in the experimental

population used in the present study, each consonant in an acoustic con­

fusion set has one unique feature and one feature shared with the other
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two members of its confusion set. Thus, considering the letter B for

example, the vowel phoneme IiI is its common feature which it shares

with the letters P and y; the consonant phoneme Ibl is its unique fea­

ture. On the other hand, it is assumed that each consonant in a con­

trol confusion set has two features that are unique in that they are

not shared with any other letter in the population. For these conso­

nants in the control sets, one feature is arbitrarily denoted as the

"common" feature and one as the "unique" feature. It should be noted

here that while these control letters may be confusable with letters

not included in the population of twelve, such confusions need not be

considered since the Bjork and Healy study, as well as previous studies,

shows that subjects rarely respond with a letter from outside the ex­

perimental population.

In order to incorporate the hypothesis that item and order infor­

mation are lost independently, both models include a simplifying assump­

tion with respect to the subject's knowledge about the position of a

given consonant. It is assumed that the subject can be in one of two

conditions -- either he recalls the exact serial position of the given

consonant or he remembers nothing about the position of the given con­

sonant. *

Finally, in order to incorporate the hypothesis that each consonant

is represented independently in memory, both models include the assump­

tion that the subject's knowledge about a given consonant on a given

trial is independent of his knowledge about the other three consonants

on that trial. It is further assumed that the subject's response to a

given consonant is not affected by his responses to the other consonants

shown on the same trial.

Keeping in mind the various assumptions, the subject's memory for

* Alternatively, it could be assumed that the subject may have partial

information about position. Probably such an assumption is more accur­

ate than the simpler all-or-none assumption made by the model; however

such an assumption is not necessary for the present purposes.
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a given stimulus item can be characterized as being in one of the fol­

lowing five Markovian states, which are defined in terms of the particu-

1ar type of information held in memory about the given item:

State 1: Subject knows unique feature and position.

State 2: Subject knows unique feature but not position.

State 3: Subject knows "common" feature only and position.

State 4: Subject knows "common" feature only and not position.

State 5: Subject knows neither feature.

Two peculiarities about this classification should be made c1ear�

First, if the subject knows the unique feature of a given consonant, he

immediately knows which consonant he is dealing with since no two con­

sonants in the experimental population share a unique feature. There­

fore, it is a matter of indifference whether a subject in states 1 or

2 is characterized as knowing the unique feature or knowing both fea­

tures. Furthermore, common is put in quotation marks since the common

feature for letters in either of the acoustic confusion sets is shared

with the two other letters in its set, but the "common" feature for let­

ters in the control sets is as unique with respect to the given popula­

tion of consonants as is the so-called unique feature. Therefore, when

a subject's knowledge about a given consonant that is a member of a

control confusion set is in state 3 or 4, he will behave as though it

were in state 1 or 2, respectively, since he has enough information to

specify exactly which of the twelve consonants he has just seen.

To give an illustration, if the subject is shown consonant B in

position 1, he will have the following knowledge, depending on which of

the five states he is in:

State 1: He knows consonant B occurred in position l.

State 2: He knows consonant B occurred but he does not know when

it occurred.

State 3: He knows consonant B, P, or V occurred in position l.

State 4: He knows consonant B, P, or V occurred but he does not

know when it occurred.

State 5: He does not know which of the 12 consonants occurred.
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According to the model based on Conrad's notion, Modell, it is

assumed that immediately following the presentation of a letter its re­

presentation in the subject's memory starts off in state 1 so that the

initial vector has a 1 in the first row, the row representing state 1,

and D's in the other 4 rows. In addition the model assumes that during

successive intervals of time or successive digit presentations, there

may be a transition to one of the other four states. {Note, as it

stands this assumption is neutral with respect to the controversy of

whether forgetting is due to a mere decay with time or to interference

during the retention interval.} The probabilities for such transitions

are not determined in advance but are rather left as free paraoeters

in the model, their values being assumed to depend on characteristics

of the individual and the material.

There are three free parameters in Model 1 corresponding to the

three types of information postulated that a subject can have about

each particular consonant that he is shown -- information about the

unique feature, information about the common feature, and position or

order information. The three parameters are as follows:

T is the probability of losing the unique feature during the pre­

sentation of one intervening digit.

P is the probability of losing the common feature during the pre­

sentation of one intervening digit.

S is the probability of losing position information during the pre­

sentation of one intervening digit.

Thus, according to Modell, as each digit occurs, each of these

memory losses takes place with the given probability. It is then possi­

ble to write the probability of a subject's memory for an item going

from anyone state into another during the presentation of a digit; these

probabilities are the cell entries of the transition matrix L shown on

Figure 2.

The rows of the transition matrix represent the state of a sub­

ject's memory for an item before the given digit, whereas the columns
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SI 82 8J 84 85

81 (I-T) (1-8) (l-T) 8 T(l-P) (1-8) T(1-P)8 T(P}
82 0 I-T 0 T(l-P) T(P)

L = 83 0 0 (l-P) (1-8) (l-P) 8 P

84 0 0 0 1-P P

85 0 0 0 0 1

Figure 2. Transition matrix for Modell. The rows and columns of this

matrix correspond to memory states 81 to 85.
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represent the state of a subject's memory for an item after the digit

has been presented. Thus, for example, if a subject's memory is in

state 3 where he knows only the common phoneme and the position infor­

mation, with probability (l-S)(l-P) he retains both of these types of

information and stays in state 3. With probability S(l-P) he loses the

position information but retains the common phoneme so goes to state 4,
and with probability P he loses the common phoneme and goes to state 5.

By raising the transition matrix to successive powers, the follow­

ing probabilities of being in the five states after n intervening digits
are computed:

Pn(Sl) = (l-T)n(l-S)n

Pn(S2)
n n

= (l-T) [l-(l-S) ]

Pn(S3)
n n n

= (l-P) [1- (l-T) ]. (l-S)

Pn(S4)
n n n

= (l-P) [l-(l-T) ][l-(l-S) ]

Pn(S5)
n n

= [l-(l-P) ][l-(l-T) ]

In order to facilitate a comparison of the two models, Model 2, the

alternative model incorporating the notion of storage errors, was also

given three free parameters to account for transitions from one state

to another. As in Modell, these parameters correspond to the proba-

bilities of losing certain types of information:

A is the probability of losing the unique feature at storage.

B is the probability of losing item information during the presen-

tation of one intervening digit.

C is the probability of losing position information during the pre-

sentation of one intervening digit.

If the subject loses item information, as he will with probability

B upon the presentation of each intervening digit, he will lose any

knowledge that he has about both features. Therefore, after the item

is stored, it is impossible for the subject of Model 2 to lose informa­

tion about the unique feature alone. Thus during the presentation of

the intervening digits, the subject can never make the transitions from

states 1 and 2 to states 3 and 4 as can the subject of Modell. This

situation becomes more obvious upon inspection of Figure 3 which shows



24

I-A

o

M= A

o

o

(I-B) (I-C) (l-B)C 0 0 B

0 (I-B) 0 0 B

N = 0 0 (I-B) (I-C) (l-B)C B

0 0 0 I-B B

0 0 0 0 I

Figure 3. Initial vector and transition matrix for Model 2. The rows

and columns correspond to memory states Sl to S5.
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the initial vector and the transition matrix that apply to Model 2.

The initial vector M applies at the time of storage of each consonant;

while the matrix N applies once with every intervening digit.

After raising the transition matrix N to successive powers, the

following probabilities of being in the five states after n intervening

digits are computed:

Pn(Sl) = (l-A)(l-B)n(l-C)n
n n

Pn(S2) = (l-A)(l-B) [l-(l-C) ]

Pn(S3) = A(l-B)n(l-C)n
Pn(S4) = A(l-B)n[l-(l-C)n]

n

Pn(Ss) = [l-(l-B) ]

Next to be considered is how a subject responds depending on his

state of knowledge. As indicated earlier, both models include the as­

sumption that the subject's knowledge about a given consonant on a given

trial as well as his response to that consonant are independent of his

knowledge about and his response to the other three consonants on that

trial. Because of this assumption, both an experimental subject and a

hypothetical subject (one who behaves according to the models) make

four responses, but subjects in the experiment are forced to put exactly
one consonant in each of the four serial positions; while it is possi­

ble for the hypothetical subject to put two, three, or four consonants

in one serial position. Similarly, although the experiment does not

explicitly constrain the experimental subjects from putting anyone con­

sonant in two, three, or four serial positions on a given trial, sub­

jects do this extremely infrequently. Yet the hypothetical subject is

not forbidden to repeat a given consonant on any trial. Although this

simplifying assumption of independence permits the hypothetical subject

to deviate from observed behavior in the two ways described, it does

not bias the hypothetical subject to increase or decrease his responses

of any specific type or category.

This assumption of response independence was employed since it

greatly simplifies the calculation of the conditional probabilities of
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responses given the state of knowledge. For example, it allows one to

assume that if the subject does not know when a given item was shown,

he will place it at random in one of the four serial positions. In this

way, the independence assumption allows one to specify exactly the re­

sponse probabilities of a subject who sees, say, a B in the first posi­

tion, to use the earlier example. If a subject is shown consonant B in

position 1 and acts according to his memory of the given consonant, he

will respond as follows depending on which of the five states he is in:

State 1: He puts consonant B in position 1.

State 2: He puts consonant B in position 1, 2, 3, or 4, selected

at random.

State 3: He puts consonant B, P, or V, selected at random, into

position 1.

State 4: He puts consonant B, P, or V, selected at random, into

position 1, 2, 3, or 4, selected at random.

State 5: He selects at random one of the 12 consonants and either

places it into position 1 or places it into positions 1,

2, 3, or 4, selected at random.

It should be clear that although the subject can act in one of two

ways if he is in state 5, depending on whether he knows the position of

the given consonant or not, both ways of acting are equivalent with re­

spect to the probability of his making a response of a given type or

category.

With such an analysis, it is simple to compute the probability that

a subject in a given state of knowledge will make either a correct re­

sponse or one of the four types of errors. For example, if a subject

is in state 2 and sees B in the first position, then the model implies,

as indicated above, that he chooses randomly one of the four positions

and places B in that position. In that case 1/4 of the time the subject

will put B in position 1 and make a correct response and 3/4 of the time

he will put B in positions 2, 3, or 4 and make a transposition error.

By considering also the nature of the other three letters shown on that

trial and the fact that B is from an acoustic confusion set, the
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probability of a confusion error can be similarly determined. Thus the

various response probabilities associated with the five states of know­

ledge were computed and are shown in Table II. In this classification,

the consonants are separated into four categories depending on whether

they were shown in the paired or all-different context and whether they
were in the acoustic confusion sets or the control sets.

In order to determine whether the conditional probabilities shown

on Table II were accurate, a simulation of the two models was conducted

(see Appendix B) which did not employ the information in Table II but

rather generated responses in the manner of the illustration on page 26

and then scored those responses against the input string of consonants.

Comparison of Models l and 1

A comparison of Models land 2 was accomplished by means of a com­

puter program which aided both in estimating for the two models those

values for the parameters that give the best fit to the data and in

comparing the ability of the two models to fit the data. This program

was written in Fortran for the PDP-8/1 computer.

The computer program is centered around a routine which computes

the chi-square values for each set of parameters of each model. The

program reads into the computer the experimentally observed frequencies

of responses of each type. These response frequencies are the propor­

tionvalues shown in Table I multiplied by 576, the total number of stim­

uli of each of the twelve types. The program determines the expected

frequencies predicted by a given model with a given set of parameter

values by combining the model's statement of the probability of a sub­

ject's being in each of the five states with its statement of the con­

ditional probability of a subject's responding in a given way depending

on the state of his knowledge.

The computer program calculated for each model a series of chi­

square values based on different sets of parameters. While the program

was being run in the computer, the operator selected for one of the

models at a time the number of values each of the three parameters was
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Table II

Response Probabilities Associated with Memory States in Models 1 and

2 for Item + Order Experiment, by Context and Confusable vs.

Control Letter Category

Context,
Errors

Letter Correct Conf. Conf. Nonconf. Nonconf.
Category State Responses Trans. Nontrans. Trans. Nontrans.

Paired, 1 1 0 0 0 0
Confusable 2 1/4 1/4 0 1/2 0

3 1/3 1/3 1/3 0 0
4 1/6 1/6 1/6 1/3 1/6
5 1/12 1/12 1/12 1/6 7/12

Paired, 1 1 0 0 0 0
Control 2 1/4 1/4 0 1/2 0

3 1 0 0 0 0
4 1/4 1/4 0 1/2 0
5 1/12 1/12 1/12 1/6 7/12

AlI- I 1 0 0 0

Different, 2 1/4 0 3/4 0
Confusable 3 1/3 2/3 0 0

4 1/12 1/6 1/4 1/2
5 1/12 1/6 1/4 1/2

AlI- I 1 0 0 0

Different, 2 1/4 0 3/4 0
Control 3 1 0 0 0

4 1/4 0 3/4 0
5 1/12 1/6 1/4 1/2
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to take on as well as the range of these values. For example, when

working with Modell, the operator started by specifying that the first

parameter was to take on five values between .02 and .06, the second

parameter was to take on five values between .02 and .06 and the third

parameter was to take on five values between .08 and .12. The program

calculated a chi-square value for every combination of the specified
values of the three parameters. After a given chi-square was calculated,

the program determined whether it was the smallest chi-square computed
thus far and if so printed the values of chi-square and of the three

parameters which yielded it. After determining chi-square for every

specified set of parameter values, the program printed the frequencies

of the different response types expected according to the set of para­

meter values that yielded the minimum chi-square.

In order to avoid finding local minima the first specification of

the set of parameter values had quite a large range. The program was

then rerun in order to further "zero in" on the set of parameters giving

the best fit by basing new specifications of parameter values on those

that just yielded the minimum chi-square. The program was rerun with

different specifications of parameter values until it was clear that

those parameter values had been found for a given model that yielded

the closest fit to the experimental data.

Both models have the same number of parameters and thus their pre­

dictions have the same number of degrees of freedom, 39. Therefore, the

ability of the two models to fit the data could be compared simply by

examining the final minimum chi-squares for each model.

Modell was found to have a slight advantage over Model 2. Modell

generated a final minimum chi-square of 122.9 for the parameter values

T=.0420, S=.0367, and P=.1429, whereas the minimum chi-square for Model 2

was 161.7 using the parameter values A=.lOOO, B=.0325, and C=.0350.

Table III compares the observed results to the results expected accor­

ding to each of the models with the parameters that yielded the minimum

chi-squares.
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Table III

Comparison of Observed and Expected Proportions of Response Types by
Retention Interval, Context and Confusable vs. Control Letter

Category, for Models 1 and 2 with Item + Order Results and
Parameters That Yield Best Fit

Letter Category
No. of Confusable Control

Context Digits Obs. Mod.l Mod.2 Obs. Mod.l Mod.2

Correct ResEonses
Paired 3 .77 .84 .79 .90 .88 .85

8 .56 .61 .60 .62 .66 .64
18 .35 .34 .37 .39 .36 .39

All- 3 .86 084 .79 .85 .88 ,,85
Different 8 .64 .61. .60 .65 .66 .64

18 .40 .34 .37 .40 .36 .39

Confusion-TransEosition Errors
Paired 3 .10 .05 .06 .03 .03 .03

8 .10 .09 .09 .09 .07 .07
18 .11 .11 .11 .09 .10 .10

Al1- 3
Different 8

18

Confusion-NontransEosition Errors
Paired 3 .02 .03 .04 .00 .00 .01

8 .05 .04 .04 .02 .02 .02
18 .04 .05 .05 .03 .04 .04

Al1- 3 .03 .05 .07 .01 .01 .02
Different 8 .10 .08 .08 .05 .03 .04

18 .09 .10 .10 .08 .08 .07

Nonconfusion-TransEosition Errors
Paired 3 .07 .06 .06 .05 .06 .06

8 .16 .13 .13 .13 .14 .. 13
18 .18 .20 .20 .16 .20 .20

Al1- 3 .09 .08 .09 .11 .09 .09
Different 8 .18 .19 .19 .19 .20 .20

18 .29 .30 .30 .28 .31 .31

Nonconfusion-NontransEosition Errors

Paired 3 .03 .03 .06 .02 .03 .06
8 .12 .12 .14 .13 .12 .14

18 .31 .30 .27 .34 .30 .26

Al1- 3 .02 .03 .05 .03 .02 .05
Different 8 .08 .11 .12 .11 .10 .12

18 .22 .26 .24 .24 .25 .22
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It should be noted here that in both cases significant chi-squares

were obtained so that it seems proper to conclude that the observed

data deviate significantly from the predictions of both models. How­

ever, experience has shown that with such a large number of degrees of

freedom nonsignificant chi-squares are quite rare, so that they may not

be a realistic goal to seek when evaluating a given model. Furthermore,
Table III reveals a fit of the model and the data which appears close to

the eye. In addition, on the basis of correlation coefficients com­

paring the observed data and the models' predictions, it can be conclu­

ded that approximately 99% of the variance in the data can be accounted

for by either of the two models (Modell, r = .99; Model 2,. r = .99).
It therefore seems reasonable to accept the models as a fair represen­

tation of subjects' behavior in this experiment.

The question then arises whether Model 1 is significantly better

than Model 2 at fitting the data. There are tests which enable one to

compare the fit of two models by means of comparing their chi-square

values. However, the present models are not appropriate for these tests

(see Young, 1971, pp. 67-68). In any even4 since both models do show

similar chi-square values and similar close fits to the data, it does

not seem appropriate to conclude on the basis of this analysis alone

that Modell is superior to Model 2.

Conclusions

The interesting question of whether confusion errors are due to in­

formation misstorage or loss during the retention interval is therefore

left unresolved. Since the given experiment is inconclusive on this im­

portant issue, later experiments in this series were designed to provide

additional means of comparing and differentiating the two models.

Despite the fact that the two models could not be successfully dif­

ferentiated with the given data, their close fit to the data has impor­

tant implications since it provides support for the critical hypotheses

incorporated in the models concerning how information is stored in short­

term memory. Thus, the close fit to the data lends support to the
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notions that in a short-term recall situation like the Bjork and Healy

experiment (1) each item is represented independently in the subject's

memory, (2) such item information is lost independently from order in­

formation, and (3) even though the subjects were presented the letters

visually, they recoded them and stored them in memory in an acoustic

form.
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III. SEPARATING ITEM FROM ORDER INFORMATION

Subjects in the Bjork and Healy experiment had to remember both

the identity and the order of the consonants they saw on a given trial.

The two models proposed to describe behavior in the Bjork and Healy sit­

uation therefore implied that the subject codes information both about

the identity of the consonants and about their order of presentation
and that he loses these two different types of information independently.
In order to gain a better understanding of how these two types of in­

formation are represented and lost from short-term memory, the next two

experiments in this series dealt with each type of information separate­

ly. In the first experiment the subject had to learn only the order of

the consonants so that order information was the focal point of inter­

est in that study. In the second study the subject had to learn only

the identity of the consonants so that in that case item information

was the focal point of interest.

Order Only Experiment

Although evidence of acoustic coding was found in the Bjork and

Healy study, it is not appropriate to conclude at this point that the

same coding process is employed in all situations despite variations in

the task. Therefore, the present experiment as well as the later ex­

periments in this series were conducted to see whether there would be

evidence for employment of the same processes despite variations in the

task. More specifically, the present study was aimed at determining

whether the two mathematical models proposed to account for the Bjork

and Healy study could make accurate predictions of behavior in a simi­

lar situation where only order information rather than both item and

order information had to be learned.

Given that the models could fit the data of this new situation,

one might expect no difference in the parameter values yielding the

best fit to the data from the new experiment and to the Bjork and Healy

data since the experimental situations are very similar. On the other

hand, since subjects in the new situation would not be required to code
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item information as they were in the Bjork and Healy situation, one

might expect the parameter values representing loss of item information

to be different in the two situations. Furthermore, removing the con­

straint to code item information might throw light on the question of

whether confusion errors are caused at the time of storage or during
the retention interval. Modell, the model attributing confusion errors

to information loss during the retention interval, provided a slightly
better fit to the data of the Bjork and Healy study than did Model 2,

the model incorporating the notion of information misstorage. However,

the fits of the two models did not differ enough to warrant rejecting

either model. It was hoped that the data of the present experiment

would be able to discriminate between the two models more satisfactorily.

The experimental situation of the present study was strictly analo­

gous to that of the Bjork and Healy experiment except for one substan­

tial modification. Whereas subjects in the Bjork and Healy experiment

(hereafter referred to as the Item + Order Experiment) had to remember

both the identity and the order of the items shown on a given trial,

subjects in the present experiment (referred to as the Order Only Ex­

periment) had to remember only the order of the items. In this case

the same four letters were shown on every trial of a given subject's
session.

Method

Subjects Twenty-four male and female young adults who had responded

to advertisements in local newspapers served as subjects in this experi­

ment. They were paid at the rate of $2.00 per hour.

Apparatus As in the Item + Order Experiment, one cell of a four­

cell Iconix Bina-view display device was used to present the stimuli

visually to each subject. The Bina-view was operated by means of a

Digitronics paper tape reader. Three clocks were included in the system.

The first clock timed the stimulus duration at 400 msec. per item, the

second timed the inter-trial interval at 16 sec., and the third clock

timed the inter-stimulus interval at approximately 2 msec. Once the
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paper tape reader was started, all trials proceeded automatically until

the reader was manually stopped by the experimenter.

Subjects sat approximately 3 ft. in front of the Bina-view display
unit which was located about eye level. Each character appeared indi­

vidually on the one cell of the Bina-view screen in use. Each charac­

ter was approximately 1-3/8 in. high and 7/8 in. wide. All letters were

upper case. (See Figure 1 for sample experimental display.)

Materials Six different paper control tapes, each containing 72

experimental trials and two initial practice trials, were constructed.

As in the Item + Order Experiment, each experimental trial consisted of

a four consonant stimulus followed by a retention interval including

either 3, 8, or 18 intervening digits.

In this experiment, unlike the Item + Order Experiment, the same

four consonants appeared on each trial of a given tape. The 24 permu­

tations of the four letters each appeared three times, once at each of

the three retention intervals. The presentation order of the trials

was quasi-random and determined with the aid of a table of random num­

bers. The only constraint imposed was that in every block of twelve

trials, there were four instances of each of the three retention inter­

vals.

The intervening digits displayed on each trial were also quasi­

random and selected from the digits one to nine with the aid of a ran­

dom number table. The one constraint imposed here in order to avoid

perceptual confusions was that no digit immediately succeed itself.

The retention intervals and digits were identically placed on each of

the six tapes; the tapes differed only in the four consonants displayed

on each trial.

Four of the six tapes included consonants drawn from the same

twelve-letter population as in the Item + Order Experiment. The popu­

lation was divided into four confusion sets, two acoustic confusion sets

-- BPV and FSX -- and two control sets -- KMR and HLQ. In the Item +

Order Experiment the four consonants in each stimulus appeared in one of
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the two contexts, the paired context and the all-different context.

Similarly, in the present experiment two of the six tapes consisted of

four consonants in the paired context -- BPKM and FSHL -- and two of

the six tapes consisted of four consonants in the all-different con­

text -- BKFH and PMSL. In this way only eight of the twelve letters,

two letters from each of the four confusion groups, were used in the

first four tapes. Each of these eight letters appeared in both a

paired context and an all-different context tape.

The last two of the six tapes in the present experiment consisted

of consonants in a new type of context, the all-same context. The all­

same context stimuli included four letters that were all acoustically
confusable with each other. Since the acoustic confusion sets in the

twelve-letter population consisted of only three consonants each, one

consonant was added to one of these sets to form a four-consonant a­

coustic confusion set -- BPVD. In addition, another four consonant

acoustic confusion set -- CTGZ (American pronunciation of Z) -- was

constructed. (See Appendix A.) Each of the last two tapes included

the four members of one of the four-consonant acoustic confusion sets

BPVD and CTGZ.

Thus, in the present experiment, two of the six tapes used in­

cluded no letters which were acoustically confusable (the all-different

context tapes); two of the six tapes included two letters which were

acoustically confusable and two letters which were not acoustically con­

fusable (the paired context tapes), and two of the six tapes included

four letters all of which were acoustically confusable with each other

(the all-same context tapes).

Procedure Subjects were tested individually in one-hour sessions.

Each of the 24 subjects was assigned to one of the six tapes depending

on his time of arrival for testing. Four subjects were shown the same

tape. The instructions and procedure for all 24 subjects were other-

wise identical.

As in the Item + Order Experiment, on each of the 72 experimental
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trials in a session, the subject saw four consonants followed by 3, 8,
or 18 successive digits displayed in one cell of the Bina-view screen.

The subject was instructed to shadow or read aloud the consonants and

digits as they appeared. At the end of each sequence of consonants and

digits, the screen became blank and the subject was given 16 seconds to

write down the four consonants he saw on that trial in the same order

as they appeared. The subject wrote his responses on 3 x 5 in. cards

on which four boxes had been printed, one box for each of the four con­

sonants. The subject was to write the first consonant seen in the first

box on the card, the second consonant in the second box, and so on. He

was not required to fill in the boxes in any particular order. Within

the 16 second inter-trial interval, the subject was also to circle one

of the three numbers -- 1, 2, and 3 -- printed underneath each box.

The number he chose depended on how confident he was that the consonant

he placed in a given box was in fact the consonant displayed in that

position. The subject was instructed to circle the number 3 if he was

certain of his response, the number 1 if he was just guessing, and the

number 2 if he was neither certain of his response nor just guessing.
The subject recalled all four consonants shown on a trial before he

gave his four confidence ratings.

After eight seconds of the inter-trial interval had elapsed, a

double click was sounded by the tape reader which warned the subject

that he should finish responding and get ready for the next trial. At

the beginning of each trial, the tape reader clicked twice and the

screen blinked with each click. At the end of the first 36 experimental

trials, the experimenter turned off the tape reader and the subject was

given a short rest period.

The two practice trials at the start of each tape consisted of a

series of digits. No consonants appeared on these trials. The subject

was instructed to read aloud the digits as they occurred on these prac­

tice trials but to make no written response at the end of the trials.

The practice trials were included to give the subject a feeling for the

quick reading pace required of him in this experiment.
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The instructions read to the subject were identical to those given
in the Item + Order Experiment with one addition: the subject was given
full information concerning the four consonants which would be presented
in varying orders during his session. The experimenter also repeated
this information to the subject immediately before turning on the tape

reader. These instructions were sufficient to insure that the subject
knew the four consonants that were shown on every trial of his session.

(See Appendix C for a complete record of the instructions to the subject.)

Results and Discussion

The results of the present experiment are summarized in Table IV

in terms of proportions of correct responses. Two multifactorial analy­

ses of variance (ANOVAs) with repeated measures (Winer, 1971, pp. 514-

603) were computed for these data, one to assess the contribution of

the between-subjects factor of context and the within-subjects factor

of retention interval and the other to assess the contribution of these

same factors with the additional within-subjects factor of confusion

set; however, here only the paired and all-different contexts were in­

cluded. Since similar ANOVAs were performed throughout the present

series of experiments, in order to provide a sample, the summary of the

ANOVA results of the first analysis is presented in Table V. The analy­

ses were performed in part in order to obtain estimates of the standard

error of the means. By employing the error mean squares from the ANOVA,

the standard error of the means were computed. (See Cochran and Cox,

1957, pp. 70-73.) In this manner the second ANOVA yielded .03 as the

standard error of the Table IV entries for the paired and all-different

contexts, and the first ANOVA yielded .06 as the standard error of the

Table IV entries for the all-same context.

Time Course of Forgetting The time course of forgetting for the

paired and all-different context conditions of the present experiment

is shown in the upper panel of Figure 4 in contrast with that from the

Item + Order Experiment. The all-same context condition is excluded

from this analysis since no comparable condition was included in the

Item + Order Experiment. While the time course is relatively shallow



Table IV

Proportions of Correct Responses for Order Only Experiment,

by Retention Interval, Context, and Confusable vs.

Control Letter Category

Context

No. of
Paired All-Different All-Same

Digits Confusable Control Confusable Control Confusable

3 .83 .89 .90 .82 .55

8 .69 .75 .76 .68 .48

18 .57 .56 .61 .56 .36

39
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Table V

Analysis of Variance Summary Table for Order Only Experiment

Source df Mean Square F

Between Subjects 23

Context 2 1204.8 14.3*

Subj. W. Groups 21 84.4

Within Subjects
Interval 2 883.9 58.5*

Interval X Context 4 16.9 Ll

Error 1 42 15.1

Serial Position 3 356.9 39.8*

Position X Context 6 20.4 2.3**

Error 2 63 9.0

Interval X Position 6 2.7 1.1

Interval X Position X Context 12 7.4 2.8*

Error 3 126 2.6

* p < .01

**p < .05
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Figure 4. Time course of forgetting in terms of proportion of correct

responses in the Item + Order, Order Only, and Item Only Experiments.

Only Paired and All-Different context conditions are included for the

Order Only Experiment and only Restricted and All-Different context con­

ditions are included for the Item Only Experiment. Raw proportions are

shown in the upper panel and the same data replotted after corrections

for guessing in the lower panel.
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compared to the earlier Item + Order Experiment, the difference in slope

may be due to unequal guessing probabilities in the two experiments.

Therefore, corrections were made for guessing. To correct for guessing
it is assumed that the subject either remembers the item (with proba­

bility X) or he cannot remember the item (with probability I-X) and is

forced to guess. The observed proportion of correct responses is then

equal to X + (l-X)G where G is the probability that the subject will be

correct when he is guessing. In the Item + Order Experiment, if a sub­

ject has no memory for a given item, he will guess by choosing randomly
from the population of 12 consonants. Therefore, on the average, 1/12
of the time he will be correct when he is guessing so G equals 1/12.

However, in the Order Only Experiment, since the same four letters ap­

pear on every trial, if a subject has no memory for a given item, he

will guess by choosing randomly from the four letters. Here, on the

average, 1/4 of the time he will be correct when he is guessing so G

equals 1/4. The lower panel of Figure 4 plots the value of X for the

two conditions and therefore presents the time courses after they have

been corrected for guessing. Even with the correction, the Order Only
curve is somewhat less steep than the curve for Item + Order; although

the two experiments show comparable proportions correct at the shortest

retention interval, they differ considerably at the longer retention

intervals. This apparent difference in slope of the time courses of

forgetting in the two experiments seems to point to a difference in the

rate of loss of information during the retention interval. Therefore,

in terms of the two models proposed to handle behavior in this situation,

it would be expected that the parameters representing information losses

during the retention interval would take on different values in the two

experimental situations. On the other hand, the parameter in Model 2

representing information misstorage would be expected to remain constant

across the two experimental situations.

Table IV also allows a comparison of the time courses of forgetting

in the three context conditions of the present experiment. Unlike the

Item + Order Experiment, here there is no difference in proportion cor­

rect between the paired and all-different contexts at any of the three
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retention intervals. The ANOVA revealed that the factor of context is

not significant when only the paired and all-different contexts are con­

sidered (F = .004, p > .05, df = 1,14). This failure to find a context

difference in the present experiment is surprising in view of the fact

that confusion errors, found to be a considerable source of errors in

the Item + Order Experiment, are impossible in the all-different con­

text condition of the present experiment. For the same reason, an even

smaller proportion of correct responses is expected on stimuli in the

all-same context where all errors are confusion errors. However, in

this case the expectations are achieved; there is a considerable drop
in proportion correct in the all-same context. In fact, the ANOVA re­

veals that the factor of context is significant when all three contexts

are included (F = 14.28, p < .01, df = 2,21).

Although no difference in overall proportion correct was observed

between the paired and all-different contexts, a more detailed analysis
reveals results which are consonant with the notion that acoustic con­

fusability is an important source of errors. Acoustic confusability
would be expected to cause a larger number of errors on confusable let­

ters than on control letters in the paired context; while no such re­

sult is expected in the all-different context. Similarly, acoustic con­

fusability would be expected to cause a larger number of errors in the

paired context than in the all-different context on confusable letters;

while no such difference is expected on control letters. In fact, as

expected, at each retention interval, there are more errors made on con­

fusable letters in the paired context than in the all-different context;

while the same is not true for control letters. In accordance with

these observations, the ANOVA reveals that the factor of confusion set

is not significant (F = 1.78, p > .05, df = 1,14) but the interaction of

confusion set and context is significant (F = 20.70, p < .01, df = 1,14).

In addition, a comparison of the proportion of correct responses made in

the paired context on confusable and control letters reveals more correct

responses on the control letters at the shorter retention intervals; but

no comparable advantage for control letters appeared at any retention
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interval in the all-different context. The ANOVA found a significant

three-way interaction between the factors context, confusion set, and

retention interval (F = 3.97, p < .05, df = 2,28).

Confusion Errors Since by design in the present experiment all

errors are confusion errors in the all-same context and no errors are

confusion errors in the all-different context, only the paired context

condition gives interesting data with respect to confusion errors.

Table VI summarizes the error data for the paired context condition. A

multifactorial ANOVA with repeated measures was conducted with these

data for the factors error type, confusion set, and retention interval.

The standard error of the points in Table VI was thus found to be .01.

A more complete understanding of the confusion errors can be gathered

by considering the conditional proportions of confusion errors. Figure
5 presents the conditional proportions of confusion errors given that

an error was made at the three retention intervals in the paired con­

text condition. The conditional proportions are substantially greater

for the confusable letters than for the control letters at the shorter

retention intervals, but no difference is seen at the longest interval.

An ANOVA was conducted on these data considering the factors of confu­

sion set and interval. (Note that Figure 5 presents the more reliable

pooled group means although, by necessity, the ANOVA was conducted using

the means of the individuals' scores. This convention will be employed

throughout this paper.) The standard error of the means was found to be

.05. The factor of confusion set was found to be significant (F = 14.80,

p < .01, df = 1,7); the factor of interval was not found to be signifi­

cant (F = 0.62, p > .05, df = 2,14), but the interaction of confusion

set and interval was also found to be significant (F = 5.45, p < .05,

df = 2,14). This finding is similar to that seen in the Item + Order

Experiment as is clear from Figure 5 where a comparison of the two con­

ditions is made.

The high proportion of acoustic confusion errors is curious in this

situation where only order information must be learned. If subjects were

coding only order information, these acoustic confusion errors would not



Table VI

Proportions of Confusion and Nonconfusion Errors in Paired

Context of Order Only Experiment by Retention

Interval and Confusable vs. Control Letter Category

Errors

No. Of Confusion Nonconfusion

Digits Confusable Control Confusable Control

3 .09 .02 .08 .08

8 .12 .07 .19 .19

18 cIS .17 .28 .28

45
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Figure 5. Proportions of errors which reflect intra-set confusions at

each of the three retention intervals for letters in the acoustic con­

fusion sets and in the control sets of the Item + Order and the Order

Only Experiments (Paired Context).
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be expected. This result seems to indicate that subjects are coding
item information as well as order information in this situation. How­

ever, an alternative explanation is that representations of the posi­
tions of the two acoustic features of a given letter are lost from mem­

ory independently. This question will be considered below in more

detail.

Evaluation of the Two Proposed Models As discussed earlier, it

was planned to determine whether the two models proposed to describe

behavior in the Item + Order Experiment could also account for the data

of the present Order Only Experiment. A close fit of the models to the

present data would support the notion that despite the considerable modi­

fication of the experiment, the subjects made use of the same coding and

filtering processes that were employed in the earlier study. A close

fit would add further support to the various hypotheses incorporated
into the models -- independent loss of item and order information, in­

dependent representation of each item, and acoustic coding of the items.

It was further hoped that the data of the present experiment would dif­

ferentiate between the two proposed models.

In order to compute the predictions of the models for the present

experiment all that must be recalculated are the conditional probabili­

ties of the subject's making responses of the various types given his

state of knowledge. These probabilities differ from those calculated

for the Item + Order Experiment since the population of stimulus letters

was of size twelve for subjects in the Item + Order Experiment but only

of size four for each subject in the present experiment. Also the all­

same context used in the present experiment was not employed in previous

research. The various response probabilities associated with the five

states of knowledge are presented in Table VII for subjects in the pre­

sent experiment.

The computer program described earlier was modified to include

these new conditional probabilities so that it could compute the set of

parameters for each of the two models that yielded the minimum chi-square
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Table VII

Response Probabilities Associated with Memory States in

Models 1 and 2 for Order Only Experiment, by Context and

Confusable vs. Control Letter Category

Letter Correct
Errors

Context Category State Responses Confusion Nonconfusion

1 1 0 0
2 1/4 1/4 1/2

Confusable 3 1/2 1/2 0
4 1/4 1/4 1/2

Paired
5 1/4 1/4 1/2

1 1 0 0
2 1/4 1/4 1/2

Control 3 1 0 0
4 1/4 1/4 1/2
5 1/4 1/4 1/2

1 1 0
2 1/4 3/4

Confusable 3 1 0
4 1/4 3/4

AlI-
5 1/4 3/4

Different 1 1 0
2 1/4 3/4

Control 3 1 0
4 1/4 3/4
5 1/4 3/4

1 1 0
2 1/4 3/4

All-Same Confusable 3 1/4 3/4
4 1/4 3/4
5 1/4 3/4
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fit to the present results. Although the Item + Order results did not

differentiate the two models, Model 2 was found to be superior to Model

1 in its ability to fit the data of the present experiment. However,

neither model fit the present data as well as the data of the Item +

Order Experiment. Modell generated a minimum chi-square of 289 with

18 degrees of freedom for the parameter values of T = .1125, S = .0525,
and P = .0000. Model 2 generated a minimum chi-square of 159, also with

18 degrees of freedom, for the parameter values A = .4500, B = .0000,
and C = .0525. Table VIII compares the observed results with the results

expected according to Model 1 using its parameters that yielded the

minimum chi-square and with the results expected according to Model 2

using its parameters that yielded the best fit. It is interesting to

note that the same value of chi-square is obtained when the value of

parameter A remains constant and the values of parameters Band Care

interchanged so that A = .4500, B = .0525, and C = .0000. In fact,

identical chi-square values are obtained whenever the value of parameter

A is constant and the values of parameters Band C are interchanged as

long as either B or C equals 0.0. This finding is peculiar to the pre­

sent experimental situation. Because the same four letters appear on

every trial of the present experiment, the situation when a subject
knows the serial position of an item (the order information) but forgets
all the information about the item's features (the item information) is

equivalent to the situation when the subject maintains the item infor­

mation but loses the order information; in each case the subject's pro­

bability of a correct response for that item is at chance.

It is further interesting to note that the values of two of the

three parameters that give the best fit for Model I are equal to the

values of the corresponding parameters for Model 2. As a result the two

models yield identical predictions for all but twelve cells of Table VIII.

(There are asterisks beside these twelve cells in Table VIII.) This

finding can be understood also because of the peculiarity of the present

experiment that the same four letters appear on every trial. For all

control set letters and for letters in the all-different context from



Table VIII

Comparison of Observed and Expected Proportions of Response
Types, by Retention Interval, Context, and Confusable vs. Control
Letter Category, for Models 1 and 2 With Order Only Results and

Parameters that Yield Best Fit.

Letter Categor!
No. of Confusable Control

Context Digits Obs. Mod.l Mod.2 Obs. Mod.l Mod.2

Correct ResEonses
Paired 3 .83* .76* .70* .89 .89 .89

8 .69* .55* .59* .75 .74 .74
18 .57* .37* .45* .56 .53 .53

All- 3 .90 .89 .89 .82 .89 .89
Different 8 .76 .74 .74 .68 .74 .74

18 .61 .53 .53 .56 .53 .53

All-Same 3 .55* .70* .60*
8 .48* .46* .52*

18 .36* .28* .41*

Confusion Errors
Paired 3 .09* .16* .23* .02 .04 .04

8 .12* .27* .23* .07 .09 .09
18 .15* .32* .24* .17 .16 .16

All- 3
Different 8

18

All-Same 3 .45* .30* .40*
8 .52* .54* .48*

18 .64* .72* .59*

Nonconfusion Errors

Paired 3 .08 .08 .08 .08 e08 .08
8 .19 .17 .17 .19 .17 .17

18 .28 .31 .31 .28 .31 .31

All- 3 .10 .11 .11 .18 .11 .11

Different 8 .24 .26 .26 .32 .26 .26

18 .39 .47 .47 .44 .47 .47

All-Same 3
8

18

* Cells where Modell and Model 2 differ.

50
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the acoustic confusion sets and the control sets, the subject's losing
the unique feature does not affect his behavior since the common fea­

ture is not shared by any other letter in the set of four. Therefore,
the parameters A (Model 2) and T (Modell) are irrelevant to these cases.

In the cases where A and T are irrelevant, Modell with S = .0525, and

P = .0000 is equivalent to Model 2 with either B = .0000 and C = .0525

or B = .0525 and C = .0000 since in all three instances the subject has

probability .0525 of losing a particular item of information; if the

subject loses that information, his probability of a correct response

is at chance, whereas if the subject retains that information, his proba­

bility of a correct response is unity.

Examination of Table VIII reveals that the large chi-square values

obtained are due mainly to the poor fit of the twelve cells with aster­

isks beside them. These cells include the letters in the all-same

context. Since the all-same context was the only context not present in

the Item + Order Experiment and since good fits by both models were found

for the data of the Item + Order Experiment, a second minimum chi-square

fit was computed for all the data excluding those of the all-same context

condition. The fit of the data was greatly improved for both models by

eliminating the all-same context condition. Model 1 generated a minimum

chi-square of 63 with 15 degrees of freedom for the parameter values

T = .0150, S = .0525, and P = .0000; Model 2 generated a minimum chi­

square of 48 with 15 degrees of freedom for both the set of parameter

values A = .1100, B = .0000, and C = .0525 and the set of values A = .1100,

B = .0525, and C = .0000. Here again Model 2 was found to be superior

to Modell, although only slightly. Table IX compares the observed re­

sults with the results expected by Models 1 and 2 using the parameters

which yield the minimum chi-square fits. As in the Item + Order Experi­

ment, although significant chi-square values were obtained, the fit of

the models to the data of the present experiment seems close by inspec­

tion. Furthermore, correlation coefficients comparing the predictions

and the observed data reveal that approximately 98% of the variance in

the data can be accounted for by Modell (r = .99) and approximately 98%



Table IX

52

Comparison of Observed and Expected Proportions of Response Types,
by Retention Interval, Context, and Confusable vs. Control

Letter Category, for Models 1 and 2 With Order Only Results and
Parameters that Yield Best Fit (All Data Except for All-Same Context)

Letter Category

Context

Paired

All­
Different

Paired

All­
Different

Paired

All­
Different

No. of

Digits

Correct

Confusable
Obs. Mod.l Mod.2

Responses
.84*
.70*
.51*

.89

.74

.53

.08*

.12*

.18*

.08

.17

.31

.11

.26

.47

Control
Obs. Mod.l Mod.2

,,89
.75
,,56

.82

.68

.56

.02

.07

.17

.08

.19

.28

.18

.32

.44

.89

.74

.53

.89

.74

.53

.04

.09

.16

.08

.17

.31

.11

.26

.47

.89

.. 74

.53

.89

.74

.53

.04

.09

.16

.08

.17

.31

.11

.26

.47

* Cells where Modell and Model 2, Table VIII and Table IX differ ..

3
8

18

3
8

18

.83* .87*

.69* .71*

.57* .49*

.90 .89

.76 .74

.61 .53

Confusion Errors

3 .09* .06*
8 .. 12* .12*

18 .15* .20*

3
8

18

Nonconfusion Errors

3 .08
8 .19

18 .28

3 .10
8 .24

18 .39

.08

.17

.31

.11

.26

.47



53

of the variance in the data can be accounted for by Model 2 (r = .99).

It therefore seems appropriate to conclude that both models provide ac­

curate descriptions of subjects' behavior in this task.

It is interesting to note that the values of the parameters Sand P

from Model 1 and Band C from Model 2 that give the minimum chi-square
fits for the data without the all-same context condition are the same

as those that give the minimum chi-square fits for the complete experi­

ment, whereas the values of A (Model 2) and T (Modell) differ in the

two situations. Furthermore, all but six cells of Table IX match the

corresponding cells of Table VIII. The six deviant cells (which are

marked by asterisks in Table IX) represent the acoustic confusion set

letters in the paired context. These findings are understandable in

light of the above analysis which showed that parameters A and T were

irrelevant to all but the acoustic confusion set letters in the paired
context and the all-same context.

The parameter values computed using the present data can be com­

pared with those from the Item + Order Experiment. The parameter values

yielding the best fit in the two experiments differ considerably; how­

ever, no interesting pattern of differences seems to emerge. The only

value which remains fairly stable across the two experiments is the

value of parameter A of Model 2, the parameter representing loss of the

unique feature information at storage. In the Item + Order Experiment

A = .1000; in the present study A = .1100. As was discussed earlier,

the coincidence in proportion correct at the shortest retention inter­

val of the two experiments is compatible with this finding. As far as

the other two parameters of Model 2 are concerned, it seems that both

loss of item information (B) and loss of order information (C) occur in

the Item + Order Experiment during the retention interval, while only

one type of information loss occurs during the retention interval of

the present Order Only Experiment.

Three State Model The close fit of the models to the paired and

all-different context conditions of the present experiment suggest that
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the same coding process was used by subjects in the present experiment
as in the Item + Order Experiment. This finding is especially peculiar
when one recalls that in the Item + Order Experiment the subject had to

remember which items he saw on every trial as well as their order; while

in the present study the subject knew which items would be shown on a

given trial; all he had to learn was their serial order. The two models

imply that the subject codes item information as well as order informa­

tion about each consonant even in this case when the items are already
known. As far as the two models are concerned, the subject makes use

of his knowledge about the four consonants shown on every trial only to

limit his responses (his conditional probabilities of responses given
his state of knowledge) not to adjust his coding strategy.

Finding a close fit of the models to the present Order Only Experi­
ment supports this unintuitive coding strategy; nevertheless, it seems

worthwhile to see whether a model employing a more intuitive coding

strategy could be found to fit the data. In fact a simple model of

this type was found to give a reasonable fit to the data. The model in

this case is a three-state Markovian model, quite similar in most re­

spects to the earlier models. The main difference between this three­

state model and the two earlier models is that according to the three­

state model only order information, not item information, is coded and

lost from memory. In order to account for the effects of acoustic con­

fusability, the additional assumption is made that information about the

positions of the two features of a given letter may be lost independently.

The three states of a subject's memory then follow:

State 1: The subject knows the position of the unique feature.

State 2: The subject knows the position of the common feature only.

State 3: The subject knows the position of neither feature.

As in Modell, it is assumed that immediately following the presen­

tation of a letter, its position information is represented in the sub­

ject's memory in state 1 and then, during successive digit presentations,

there may be a transition to one of the other two states. The probabili­

ties for such transitions are left as free parameters in the model.
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There are two such parameters, corresponding to the two types of infor­

mation postulated that a subject codes about each consonant -- informa­

tion about the position of the unique feature and information about the

position of the common feature. The parameters are as follows:

D is the probability of losing the position of the unique feature

during one digit presentation.

E is the probability of losing the position of the common feature

during one digit presentation.

The transitions from one of the three states to another at each

digit presentation then occur with the probability shown in the transi­

tion matrix R on Figure 6.

By raising the transition matrix R to successive powers, one can

compute the following probabilities of being in the three states after

n intervening digits:
n

Pn(Sl) = (I-D)
n n

Pn(S2) = [l-(l-D) ](l-E)
n n

Pn(S3) = [l-(l-D) ][l-(l-E) ].

Next to be considered is the probability that the subject will make

a response of a specific type depending on his state of knowledge. These

conditional probabilities are calculated only for the paired and all-dif­

ferent contexts since the previous modeling showed the all-same context

condition to be deviant. The various response probabilities associated

with the three states of knowledge are given in Table X.

The parameters that yielded the best fit of the three state model

to the Order Only data were determined by means of a computer program

similar to that used for Models 1 and 2. A minimum chi-square of 88.6

was found for the parameter values D = .05 and E = .99 with 16 degrees

of freedom. What is interesting about these values is that E comes as

close to the value 1.00 as the program will permit so that the probabili­

ty of being in state 2 is negligible at these values. It is also true

that using these parameter values no difference is predicted for confu­

sion errors on acoustically confusable and control letters. This
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R=

(I-D)

o

o

D(l-E)

I-E

o

DE

E

I

Figure 6. Transition matrix for three-state model. The rows and columns

correspond to memory states Sl to S3.
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Table X

Response Probabilities Associated with Memory States in 3-State

Model for Order Only Experiment, by Context and

Confusable vs. Control Letter Category

Letter Correct
Errors

Context Category State Responses Confusion Nonconfusion

1 1 0 0

Confusable 2 1/2 1/2 0

3 1/4 1/4 1/2
Paired

1 1 0 0

Control 2 1 0 0

3 1/4 1/4 1/2

1 1 0

Confusable 2 1 0

3 1/4 3/4

All-Different

1 1 0

Control 2 1 0

3 1/4 3/4
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prediction as well as the other predictions of the model using these op­

timal parameter values are shown in Table XI where they are compared
with the observed data. A correlation coefficient comparing the ob­

served data and the predictions of the model reveals that over 98% of

the variance in the data can be accounted for by the model (r = .99).

But, although the three-state model does have parameter values which

give a reasonable fit to the data of the Order Only Experiment, this

model must be considered inadequate since in its present form an impor­
tant and statistically reliable aspect of the data is not accounted for

by the model. It seems appropriate to conclude that the assumptions of

the other two models are necessary. Although it may be unintuitive,

subjects code information about the items as well as the order of the

items even when they have to remember only the order of the items. The

coding process used by subjects in the Item + Order Experiment is not

strictly limited to the original experimental situation but occurs

despite considerable changes in the experiment.

Serial Position Curves Serial position effects are not interpret­

able by any of the three models. The models treat items at the four

serial positions identically. One may wonder, however, since the models

postulate information losses at the presentation of each intervening

digit, whether such information losses would also occur at the presenta­

tion of each consonant which succeeds the consonant in question. If in­

formation losses do occur during successive consonant presentations as

well as during successive digit presentations, an asymmetrical serial

position curve with marked recency and no primacy would be expected.

The serial position curves at each of the three retention intervals

in the present experiment are shown in Figure 7. These curves are not

separated by context or confusion set since no significant interactions

were found in the ANOVA for these factors and that of serial position

except for a significant interaction of serial position and context when

the three contexts were included (F = 2.28, p < .05, df = 6, 63). In

any case, quite contrary to the predictions, all three serial position

curves are bowed and symmetrical. The proportions of correct responses



Table XI

Comparison of Observed and Expected Proportions of Response
Types, by Retention Interval, Context, and Confusable vs.

Control Letter Category, for 3-State Model With Results of
Order Only Experiment and Parameters that Yield Best Fit

(All Data Except for All-Same Context)

Context

Letter Category
No. of Confusable Control

Digits Obs. Exp. Obs. �
Correct ResEonses

3 .83 .89 .89 .89
8 .69 .75 .75 .75

18 .57 .55 .56 .55

3 .90 .89 .82 .89
8 .76 .75 :68 .75

18 .61 .55 .56 .55

Confusion' Errors

3 .09 .04 .02 .04
8 .12 .08 .07 .08

18 .15 .15 .17 .15

3
8

18

Nonconfusion Errors

3 .08 .07 .08 .07
8 .19 .17 .19 .17

18 .28 .30 .28 .30

3 .10 .11 .18 .11

8 .24 .25 .32 .25
18 .39 .45 .44 .45

Paired

All-Different

Paired

All-Different

Paired

All-Different

59
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Figure 7. Serial position functions in terms of proportions of correct

responses at each of the three retention intervals of the Order Only

Experiment.
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are highest and roughly equal at the first and fourth serial positions
and lower but roughly equal at the second and third serial positions at

each retention interval. The ANOVA allowed calculation of the standard

error of the means for these curves which was found to be .01.

The fact that relatively symmetrical serial position curves were

obtained, with any skewness being in the direction of primacy, appears

to refute the notion that information is being lost during successive

consonant presentations in a manner similar to that during successive

digit presentations. Clearly then a model based on the notion of retro­

active interference, where succeeding similar items interfere with the

to-be-remembered items (see Keppel, 1968), would be incompatible with

the observed results. By that notion interference should, if anything,
be greater for succeeding consonants than for succeeding digits because

of greater similarity with the to-be-remembered items. An attempt to

explain these serial position effects is beyond the scope of the pre­

sent paper. However, the reader is referred to Estes (1972) who was

able to account for these results by relying on the notion that later

material interferes with recall of the critical items, not by means of

unlearning or competition in recall, but rather by making it harder to

locate critical items in memory.

Distance Functions The symmetrical bow-shape of the serial posi­

tion curve further suggests that transposition errors might be generated

by some process in which the likelihood of a given pair of letters being

transposed would depend upon the distance between the two letters in the

pair. If the two letters were immediate neighbors more transpositions

would be expected than if they were separated by one or more letters.

It would seem to follow that in any such process, more transposition

errors would be found for those letters with more letters close to them

or more immediate neighbors, and positions 2 and 3 have two neighbors

each, whereas positions 1 and 4 have only one neighbor each.

In order to test the above hypothesis, an analysis of the response

data was performed which considered the stimulus position of a given
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letter in the display as well as the stimulus position of the response

letter substituted for that correct letter by the subject. Figure 8

sununarizes these "distance functions." It plots the probability that

an item put into a given serial position (marked C on the figure) will

come from a given serial position. It is clear that the farther away a

letter is from another letter in the stimulus display, the less likely
one will be substituted for the other. Also interesting is the ob­

served symmetry of the distance gradients. The curves for serial po­

sitions 3 and 4 look like mirror images of those for positions I and 2,
which is consistent with the symmetry observed in the serial position
curves. For example, a letter in position I is most often replaced by
a letter from position 2, its immediate neighbor, then by a letter from

position 3, and then by a letter from position 4. In mirror image fa­

shion, a letter in position 4 is most often replaced by a letter from

its immediate neighbor, position 3, then by a letter from position 2,

and then by a letter from position 1. These findings are generally
weaker with increasing retention interval. Furthermore, another form

of symmetry is observed here. It seems that for each pair of serial po­

sitions, the probability of putting an item from a given serial position
into another serial position is equal to the probability of putting an

item from the latter position into the former.

Although it is upheld by the data, the simple hypothesis that the

error frequencies on letters presented at the different serial positions

are due to the number of neighboring letters that provide opportunities

for transpositions is not sufficient to explain all the features of

Figure 8. One especially striking feature of the figure is left unac­

counted for -- the great tendency to interchange letters in positions

2 and 3. Consistently, at all retention intervals, subjects show a much

larger tendency to substitute a letter in position 2 with one from po­

sition 3 than with one from position 1. In like manner, subjects show

a larger tendency to substitute a letter in position 3 with one from

position 2 than with one from position 4. While the simple model cannot

account for these results, the more sophisticated model by Estes (1972),
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Figure 8� Distance functions for Order Only Experiment. The point

plotted for position i of any panel represents the proportion of in­

stances in which the response occurring in the position marked C on the

subject's answer card was the letter appearing at position i of the

string on the given trial.
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referred to earlier, can account for the observed distance functions as

well as the serial position curves. Estes' model is phrased in terms

of a reverberatory loop mechanism such.that successively displayed items

are reactivated in a reverberatory loop at successive instants in time.

Transpositions are then attributed to perturbations in the timing of the

item reactivations.

Item Only Experiment

Subjects learning only order information seem to use the same coding

processes as those who learn item and order information. The question
then arises whether subjects who learn only item information will employ
the same processes as well. The present experiment (hereafter referred

to as the Item Only Experiment) was designed to examine this possibility.
More specifically, the present study, like the previous Order Only Study,
was aimed at determining whether the two mathematical models proposed

to handle the Item + Order Experiment by Bjork and Healy could make ac­

curate predictions of behavior in a similar situation where only one of

the two types of information had to be learned. Given that the models

could fit the data of the Item Only Experiment as they were able to fit

the data of the Order Only Experiment, one might expect no difference in

the parameter values yielding the best fit to the data from the Item Only
and Item + Order Experiments since the experimental situations are so

similar. On the other hand, since order information is not required in

all conditions of the Item Only Experiment as it was in the Item + Order

Experiment, one might expect the parameter values representing loss of

order information to differ in the two situations.

Modell, the model attributing confusion errors to information loss

during the retention interval, provided a slightly better fit to the

data of the Item + Order Experiment; but Model 2, the model attributing

confusion errors to information loss at the time of storage, provided a

slightly better fit to the data of the Order Only Experiment. Therefore,

the two models could not be differentiated on the basis of the previous

experiments. The two models differ only in their assumptions about mem­

ory for item information; their assumptions about memory for order



65

information are identical. However, memory for order information played
a large role in the previous experiments which may have made it more

difficult to get a clear picture of memory for item information. Since

memory for order information plays only a minor role in the Item Only

Experiment, it was hoped the data from this experiment would be able to

give conclusive evidence in favor of one of the models.

The experimental situation of the present study was therefore strict­

ly analogous to that of the Item + Order Experiment except for one sub­

stantial modification. The order of the letters shown to a given sub­

ject was restricted and the subject was made aware of these restrictions.

For each subject the letters that could appear in a given serial posi­

tion were restricted to a set of three, and the subject was told the

identity of these three letters for each of the four serial positions.

Therefore on each trial the subject had only to recall which letter in

each of the four sets had appeared in the display.

Method

Subjects Twenty-four male and female young adults served as sub­

jects in the present experiment. There were three conditions in this

experiment with eight subjects in each condition. No subject had par­

ticipated previously in a short-term memory experiment in this labora­

tory. Subjects were recruited in the same manner as in the Order Only

Experiment and were similarly paid at the rate of $2.00 per hour.

Apparatus The same apparatus was employed in the present experi­

ment as had been employed in the Order Only Experiment.

Materials Twelve different tapes were employed in the present ex­

periment. Each tape contained 81 experimental trials and two practice

trials. Each experimental trial consisted of a four-consonant stimulus

followed by a retention interval including either 3, 8, or 18 digits.

Only digits appeared on the two initial practice trials.

As in the Order Only Experiment, the intervening digits displayed

on each trial were quasi-random and selected from the digits from one

to nine with the aid of a table of random numbers. The one constraint
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imposed here in order to avoid perceptual confusions-was that no digit

immediately succeed itself. The digits, and thus the retention inter­

vals, were identically placed on the twelve tapes.

The four consonants in each stimulus were chosen from the population
of twelve consonants which contained the four confusion sets of letters

BPV, FSX, KMR, and HLQ. (See Appendix A.) In the Order Only Experi­
ment stimulus tapes consisted of these consonants in the paired, all­

different, and all-same contexts. Similarly, in the present experiment

eight of the twelve experimental tapes consisted of stimuli in the paired

context, and four of the twelve experimental tapes consisted of stimuli

in the all-different context. No all-same context tapes were employed
in the present experiment. In the present experiment, as in the Order

Only Experiment, context was thus a between-subjects variable, whereas

it was a within-subjects variable in the Item + Order study.

Four of the eight tapes with paired context stimuli were in the

Repetitions Condition and four were in the Restricted Condition. The

four tapes with all-different context stimuli were in the All-Different

Context Condition. Since they were to be similar in structure, the

eight tapes in the Repetitions Condition and the All-Different Context

Condition were constructed from a master tape in the latter condition.

On every trial of this master tape only letters from the confusable set

BPV appeared in the first serial position; only letters from the con­

fusable set FSX appeared in the second serial position; only letters

from the control set KMR appeared in the third serial position; and

only letters from the control set HLQ appeared in the fourth serial po­

sition. There are 81 permutations of the twelve letters allowed with

these constraints. Each of these 81 permutations was employed once in

the 8l-experimental-trial tape. Twenty-seven of these 81 trials were

shown with 3-digit retention intervals, 27 were shown with 8-digit re­

tention intervals, and 27 were shown with l8-digit intervals. The pre­

sentation order of the trials was quasi-random and determined with the

aid of a table of random numbers. The only constraint imposed was that

in every block of nine trials there were three trials at each of the
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three retention intervals.

The remaining seven tapes from either the Repetitions Condition or

the All-Different Context Condition were constructed from the master

tape by a series of mappings. For instance, the second tape was con­

structed by changing every B to K, P to M, V to R, F to H, S to L, X to

Q, and vice versa. If the four sets of letters are designated 1 for

BPV, 2 for FSX, 3 for KMR, and 4 for HLQ, then the first tape has conso­

nants from set 1 in the first serial position, set 2 in the second seri­

al position, set 3 in the third serial position, and set 4 in the fourth

serial position. The first tape can be identified as 1234. Similarly,
the second tape has consonants from set 3 in the first serial position,

set 4 in the second, set 1 in the third, and set 2 in the fourth. The

second tape can be identified as 3412. The other six tapes can then be

identified as 2143, 4321, 1331, 3113, 2424, and 4242. In these eight

tapes each confusion set is represented at each serial position once in

the paired context and once in the all-different context. It should be

noted that in some trials in the Repetitions Condition it will be true

that the same letter will occur in two different serial positions. For

instance, on the first tape in that condition, the string BKMB occurs.

This form of repetition had not occurred in previous experiments.

The four tapes in the Restricted Condition were constructed to be

parallel to those in the Repetitions Condition except that no such repe­

titions of consonants were permitted. Therefore, while 81 permutations

of the twelve consonants were shown in any orie of the four tapes in the

Repetitions Condition, only 36 permutations were shown in anyone of the

four tapes in the Restricted Condition. Each of these 36 permutations

was shown either two or three times, each time at a different one of the

three retention intervals. The further constraint was imposed that for

a given tape each letter appeared equally often so that across the nine

permutations that were shown three rather than two times, each of the

three letters allowed in a given serial position was shown there three

times.

Like the eight tapes in the Repetitions and All-Different Context



68

Conditions, the four tapes in the Restricted Condition.were constructed

using one of the tapes as a master tape and performing a series of map­

pings to form the other three tapes. For example, whenever B, P, or V

appeared in the first serial position of the master tape, it was replaced

by F, S, or X, respectively, to form tape 3. Similarly, K, M, or R in

the second position of the master tape was replaced by H, L, or Q; K, M,

or R in the third position of the master tape was replaced by F, S, or

X, and B, P, or V in the fourth position of the master tape was replaced

by H, L, or Q to form tape 3.

The four tapes in the Restricted Condition were otherwise similar

to the four tapes in the Repetitions Condition since the same confusion

sets were allowed at the serial positions of the Restricted Condition

tapes as were allowed at the serial positions of the Repetitions Condi­

tion tapes. The four tapes in each case can be represented as 1331,

3113, 2424, and 4242. Furthermore, the presentation order of the three

retention intervals as well as the specific intervening digits displayed
at each retention interval in the Restricted Condition tapes were the

same as in the Repetitions Condition and All-Different Context Condition

tapes.

Procedure Each subject was tested individually in an hour-long

session. The 24 subjects were assigned to the twelve experimental tapes

according to their time of arrival for testing. Each of the twelve ex­

perimental tapes was shown to two subjects so that there were eight sub­

jects in each condition.

The testing sessions in the present experiment were conducted in

the same manner as in the Order Only Experiment.

The instructions read to subjects in the present experiment (see

Appendix C) were identical to those read to subjects in the Item + Order

Experiment. However, one additional statement was included at the end

of the instructions. The subject was given full information concerning

the three consonants that would be presented at each of the four serial

positions on every trial of his session. For example, a subject seeing
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the first tape in the All-Different Context Condition was told that on

every trial the first letter he would see would always be either B, P,
or V; the second letter he would see would always be either F, S, or X;
the third letter he would see would always be either K, M, or R; and

the fourth letter he would see would always be either H, L, or Q. The

subject was given a card with this information on it, and this card

was kept in front of him throughout his experimental session. The sub­

ject was instructed to refer to this card whenever he needed help during
the recall period.

Results and Discussion

The results of the present experiment are summarized in Table XII

in terms of proportions correct. A multifactorial ANOVA was computed
with these data to assess the contribution of the between-subjects fac­

tor of context condition and the within-subjects factors of confusion

set and retention interval. The standard error of the values in this

table, estimated from the error mean square of the ANOVA, is .02.

Time Course of Forgetting The time course of forgetting for the

Restricted and All-Different Context Conditions of the present experi­

ment is shown in the upper panel of Figure 4 in contrast with that from

the Item + Order and Order Only Experiments. The Repetitions Condition

was excluded from this comparison since no similar condition was inclu­

ded in the previous experiments. While the time course is relatively

shallow compared to the earlier experiments, the difference in slope

may be due to unequal guessing probabilities in the three experiments.

Therefore, corrections were made for guessing in the same manner as

described earlier. It is assumed that in the present experiment, if a

subject has no memory for a given item, he will guess by choosing ran­

domly from the three letters specified for that serial position. On

the average, 1/3 of the time in this situation the subject will be cor­

rect when he is guessing so G equals 1/3. The lower panel of Figure 4

presents the time courses from the three experiments after they have

been corrected for guessing. Even with the correction, the Item Only

curve is somewhat less steep than the curves for the other two
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Table XII

Proportions of Correct Responses for Item Only Experiment by
Retention Interval, Condition, and Confusable vs.

Control Letter Category

Condition

No. of Restricted ReEetitions All-Different

Digits Confusable Control Confusable Control Confusable Control

3 .72 .93 .76 .94 .94 .99

8 .59 .78 .72 .78 .83 .89

18 .62 .60 .60 .61 .66 .75
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experiments; although the three experiments show similar proportions
correct at the shortest retention interval, they differ considerably
at the longer retention intervals.

When considering the time courses of forgetting, it is further in­

teresting to compare the two Paired Context Conditions of the present

experiment (see Table XII). If, as the two models imply, the subject's
knowledge about a given consonant on a given trial is independent of

his knowledge about the other three consonants on that trial, the two

conditions should show similar proportions of correct responses. How­

ever, if independence does not hold, then proportion correct on the

Repetitions Condition should fall below that for the Restricted Condi­

tion since the latter condition places considerable restrictions on the

permutations that are allowed. In fact, consistent with the indepen­
dence notion, at each retention interval the proportion correct for the

Repetitions Condition was greater than or approximately equal to that

for the Restricted Condition. An ANOVA conducted for just the two

Paired Context Conditions did not find the factor of context to be sig­
nificant (F = .0004, p > .05, df = 1,14).

Confusion Errors In this experiment by design all errors made

were necessarily confusion errors so that it is not profitable to com­

pare the conditional proportions of confusion errors given an error was

made for confusable and control letters. However, confusion errors can

be studied by comparing the proportion of errors on confusable and con­

trol letters, obtainable by subtracting the entries in Table XII from

unity. Here, as in the previous experiments, the proportion of confu­

sion errors is considerably greater for confusable letters than for con­

trol letters at the shortest retention interval, but there is no dif­

ference in error proportions at the longest interval. The ANOVA reveals

that the factor of confusion set is significant (F = 8.40, p < .01,

df = 1,21) as is the interaction of the factors confusion set and re­

tention interval (F = 9.08, p < .01, df = 2,42).

Transposition Errors Although no transposition errors are possible
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in the All-Different Context Condition of the present experiment, they
are possible in both Paired Context Conditions. A summary of the error

data in the Paired Context Conditions is presented on Table X�II; it

provides a comparison of transposition and nontransposition 'errors. An

ANOVA was computed for these data considering the between-subjects fac­

tor of condition and the within-subjects factors of error type, inter­

val, and confusion set. The ANOVA allowed computation of the standard

error of the means shown in the table which was found to be .02. As

in the Item + Order Experiment, a more complete understanding of the

transposition errors can be gathered by considering the conditional pro­

portions of transposition errors. The conditional proportions of trans­

position errors given that an error was made at each of the three re­

tention intervals is presented in Figure 9. In Figure 9 the two paired
context conditions are not separated since the ANOVA described above

found no significant interaction of context and error type (F = 1.02,

p > .05, df = 1,14). An ANOVA was then computed on these data in order

to get an estimate of the standard error of the means which was found

to be .06.

The observed conditional proportions of transposition errors shown

in Figure 9 may be compared to the chance value expected if subjects

were guessing randomly from the possible letters for a given position.

In the Restricted Condition, for each letter presented there is one

letter in the stimulus from the same confusion set and another letter

not shown on that trial from the same confusion set. Therefore, if

subjects are guessing randomly from the three possible letters for a

given position when they make an error, the probability of their making

a transposition error is 1/2. In the Repetitions Condition no compara­

ble calculation of a chance value can be made since, for those trials

where there are repeats of a given letter, no error made on a repeated

letter will be a transposition error. While .50 is used as the esti­

mate for the chance conditional proportion for the combined paired con­

text conditions, it should be understood that it is exaggerated. In

any case, this value of .50 can be compared to the observed conditional
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Table XIII

Proportions of Errors in Paired Context of Item Only Experiment

by Retention Interval, Condition, and Confusable vs. Control

Letter Category

Condition

No. of Restricted Re}2etitions
Error Type Digits Confusable Control Confusable Control

3 .22 .05 .18 .06

Transposition 8 .26 .15 .18 .16

18 .19 .23 .17 .21

3 .06 .02 .06 .01

Nontransposition 8 .15 .07 .11 .06

18 .19 .17 .23 .18
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Figure 9. Proportions of overt errors which were transpositions in

combined paired context conditions of the Item Only Experiment. See

text for explanation of the chance calculation.
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proportions of transposition errors given an error was made. At each

retention interval the observed value is greater than the chance value

although it approaches the chance value at the longest retention in­

terval. Hence the ANOVA demonstrates that retention interval is a sig­
nificant factor (F = 12.01, p < .01, df = 2,28). As in the Item +

Order Experiment, transpositions are a considerable source of errors at

each retention interval. This finding is consonant with the notion, in­

corporated in the two models, that order information is lost indepen­

dently from item information.

Evaluation of the Two Proposed Models As discussed above, it was

planned to determine whether the two models found earlier to fit the

data of the situations where the subjects had to learn item and order

information or only order information could also fit the data of the

present experiment where only item information had to be learned. It

was hoped that the two models, one attributing confusion error to in­

formation loss during the retention interval and one to information mis­

storage, could be differentiated on the basis of their ability to fit

the present data.

In order to compute the predictions of the model for the present

experiment all that must be recalculated are the conditional probabili­
ties of the subject's making responses of the various types given his

state of knowledge. These probabilities differ from those computed for

the Item + Order Experiment since it is assumed that in the present

situation the subject will make responses which are consistent with his

knowledge about which three consonants will appear at each of the four

serial positions. The various response probabilities associated with

the five states of knowledge are shown in Table XIV for subjects in the

present experiment.

The computer program described earlier was modified to include

these new conditional probabilities so that it could compute the set of

parameters for each of the two models that yielded the minimum chi­

square fit to the present results. However, the fit of the models to
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Table XIV

Response Probabilities Associated with Memory States in
Models 1 and 2 for Item Only Experiment, by Condition and

Confusable vs. Control Letter Category

Letter Correct
Errors

Condition Categorr State ResEonses TransEosition NontransEosition
1 1 0 0
2 1/2 1/2 0

Confusable 3 1/3 1/3 1/3
4 1/3 1/3 1/3

Paired,
5 1/3 1/3 1/3

Restricted 1 1 0 0
2 1/2 1/2 0

Control 3 1 0 0
4 1/2 1/2 0
5 1/3 1/3 1/3

1 1 0 0
2 2/3 1/3 0

Confusable 3 1/3 2/9 4/9
4 1/3 2/9 4/9

Paired,
5 1/3 2/9 4/9

Repetitions 1 1 0 0
2 2/3 1/3 0

Control 3 1 0 0
4 2/3 1/3 0

5 1/3 2/9 4/9

1 1 0
2 1 0

Confusable 3 1/3 2/3
4 1/3 2/3

All-Different
5 1/3 2/3

1 1 0
2 1 0

Control 3 1 0
4 1 0
5 1/3 2/3
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the data of the present experiment was not as good as it was to the

data of the previous studies. Furthermore, once again the two models

provided comparable fits to the data and thus could not be differentiated.

Model 1 generated a minimum chi-square of 241 with 27 degrees of freedom

for the parameter values T = .04525, S = .0650, P = .0775, and Model 2

generated a minimum chi-square of 232 with 27 degrees of freedom for

the parameter values A = .1725, B = .0250, and C = .0525. Table XV

compares the observed results with the results expected according to

Model 1 using its parameters that yielded the minimum chi-square and

with the results expected according to Model 2 using its parameters

that yielded the best fit.

The optimal parameter values computed for the present experiment

may be compared to those from the previous experiments. Recall that in

Modell, T and P are parameters representing loss of item information

and S is the parameter representing loss of order information; while

in Model 2, A and B are parameters representing loss of item informa­

tion and C is the parameter representing loss of order information.

Since item information must be retained in the Item Only Experiment and

in the Item + Order Experiment, one might expect parameters T, P, A,

and B to have the same values in these two experiments. Furthermore,

since order information must be retained in all three experiments (how­

ever, only in the paired context conditions of the present experiment),
one might expect parameters Sand C to have the same values in all three

experiments •. The parameter values for Modell are T = .0420, .0150,

and .0425 in the Item + Order, Order Only, and Item Only Experiments,

respectively. Similarly, S = .0367, .0525, and .0650; P = .1429, .0000,

and .0775. Likewise for Model 2, A = .1000, .1100, and .1725; B = .0325,

.0000 or .0525, and .0250; C = .0350, .0525 or .0000, and .0525. (Re­

call that in the Order Only Experiment the values A = .1100, B = .0000,

C = .0525 and the values A = .1100, B = .0525, and C = .0000 gave

equally good fits to the data.) No consistent pattern emerges, except

that the parameters representing loss of order information during the

retention interval (S and C in Models 1 and 2, respectively) show
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Table XV

Comparison of Observed and Expected Proportions of Response Types,
by Retention Interval, Condition, and Confusable vs. Control

Letter Category, for Models 1 and 2 With Item Only Results and
Parameters That Yield Best Fit

No. of Confusable Control
Condition Digits Obs. Mod.1 Mod.2 Obs. Mod.1 Mod.2

Correct ResEonses
Paired 3 .72 .84 .79 .93 .89 .88
Restricted 8 .59 .66 .66 .78 .73 .73

18 .62 .48 .52 .60 .52 .56

Paired 3 .76 .87 .81 .94 .92 .90

Repetitions 8 .72 .71 .71 .. 78 .79 .78
18 .60 .53 .57 .61 .59 .. 62

All-Different 3 .94 .92 .84 .99 .98 .95
8 .83 .80 .78 .89 .91 .88

18 .66 .64 .68 .75 .72 .76

TransEosition Errors

Paired 3 .22 .12 .13 .05 .10 .09
Restricted 8 .26 .25 .23 .15 .22 .20

18 .19 .34 .32 .23 .34 .. 32

Paired 3 .18 .. 08 .09 .06 .06 .06

Repetitions 8 .18 .16 .15 .16 .15 .14
18 .17 .23 .22 .21 .23 .21

All-Different 3
8

18

NontransEosition Errors

Paired 3 .06 .04 .08 .02 .01 .03
Restricted 8 .15 .10 .11 .07 .05 .06

18 .19 .18 .16 .17 .14 .. 12

Paired 3 .06 .05 .10 .01 .01 .03

Repetitions 8 .11 .13 .14 .06 .06 �08
18 .23 .24 .21 .18 .19 .16

All-Different 3 .06 .08 .16 .01 .02 .05

8 .17 .20 .22 .11 .09 .12

18 .34 .36 .32 .25 .28 .24
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comparable values in the Order Only and Item Only Experiments and not

very much smaller values in the Item + Order Experiment. The fact that

neither model was able to fit the present data as successfully as the

data from the previous experiments suggests that somewhat different pro­

cesses are being employed in the present task. The poor fits may also

be due to the fact that only one set of parameter values was employed
to fit the data from all three conditions of the present experiment.
It may be, though, that different coding strategies are used in the dif­

ferent conditions. For example, in the All-Different Context no order

information need be coded but such order information is required in the

Paired Context Conditions. In any case, it is beyond the scope of the

present paper to suggest alternative models for this situation.

Serial Position Curves The previous Order Only Experiment yielded
the initially puzzling finding, which cannot be handled by the two models,

that serial position curves were bow-shaped and symmetrical. Similarly,

analysis of the serial position effects in the Bjork and Healy study re­

vealed bow-shaped serial position curves. In addition, Bjork and Healy

(in press) found that these curves were attributable solely to

transposition errors which showed a bow-shaped serial position curve

while the serial position curve for nontransposition errors was flat.

This finding by Bjork and Healy is consistent with that of other experi­

menters (Aaronson, 1968; Fuchs, 1969; McNicol, 1971) who found a bowed

serial position curve for order errors but not for item errors. While

all errors in the Order Only Experiment were necessarily transposition

errors, no transposition errors were possible in the All-Different Con­

text Condition of the present experiment. Therefore, that condition

provided an interesting test of the serial position effect. Figure 10

presents the serial position curves at each of the three retention inter­

vals for the All-Different Context Condition and compares them to the

curves for the Paired Context Conditions where transposition errors were

possible and, as was clear from the transposition error analysis above,

quite prevalent. An ANOVA was computed on these data in order to obtain

an estimate of the standard error of these points which was found to be
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.03. Although a slight primacy effect seems to be evident at the longer

retention intervals of the All-Different Context Condition, the serial

position curves are quite flat for that condition. On the other hand,

the usual bow shape is noticeable for the Paired Context Conditions al­

though there is considerable irregularity there. This irregularity may

account for the failure to find a significant interaction of context and

serial position (F = 1.66, p > .05, df = 6,63). In any case, these

findings are consonant with the notion that order errors are solely re­

sponsible for the bow-shape of the serial position curve.



82

IVe MEMORY FOR SPATIAL ORDER

Temporal Spatial Experiment

In the earlier experiments in this series, each of the ·four items

on a trial appeared in the same spatial location -- the right-most cell

of the Bina-view screen so the four consonants were ordered only by
their temporal sequence. In many situations involving visual information

processing, items are arranged both spatially and temporally. For in­

stance, when one reads a word, its letters will be arranged spatially
from left to right on the line, and since one reads from left to right,
its letters will also be ordered temporally, and the temporal order will

correspond exactly to the spatial order. One would first read the left­

most letter, next the letter just to its right, and ao on.

In this chapter the spatial factor is put back into the picture.

However, when temporal and spatial order coincide exactly, as they

usually do, one cannot separate and compare their effects. Therefore,

an experimental situation was adopted in which the temporal and spatial

orders of the consonants are independent. The situation was not unlike

those studied by Lundberg and Btltlk (1969a, 1969b), Mandler and Anderson

(1971), Murdock (1969), Shiffrin (personal communication), and Slamecka

(1967). In the present case, four Bina-view cells were employed to pre­

sent four consonants in rapid succession on every trial. Each consonant

appeared in a different one of the four cells. A sample experimental

display is shown in Figure 11, where four successive views of the Bina­

view screen are shown, views that the subject sees at successive in­

stants in time. The subject first sees B in the third cell of the screen;

he then sees K in the second cell; P in the fourth cell; and M in the

first cell. The temporal order of the consonants in this case is BKPM;

the spatial order is MKBP.

A comparison of memory for temporal and spatial orders was intended

to provide an additional test of the notion that the same coding process

is always employed in short-term memory despite variations in the task.

If the models proposed earlier for the Bjork and Healy study could fit
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Figure 11. Sample experimental display of consonants shown during the

Temporal Spatial Experiment, including views of the display screen that

the subject sees at four successive instants in time. In this example,

the temporal order of the consonants is BKPM and the spatial order of

the consonants is MKBP.
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the data for the recall of both temporal and spatial order, an inflexi­

ble coding process would be implicated. On the other hand, clear dif­

ferences in the recall of temporal and spatial order would support the

notion of an active filtering and coding process that can select dif­

ferent types of information to be coded and stored depending on the spe­

cific recall task.

It was also hoped that a comparison of memory for temporal and spa­

tial order would help to discriminate among the more general models pro­

posed to handle serial order. Models based on the position hypothesis

(see Jensen & Rohwer, 1965) clearly imply that memory for spatial order

should show properties similar to those of memory for temporal order.

According to a model based on the position hypothesis, associations are

formed between the code for each consonant and the code for the conso­

nant's serial position. It seems reasonable to assume that forming as­

sociations between the code for a given consonant and a code for its

temporal position would be similar to forming associations between the

code for the same consonant and a code for its spatial position. Thus

if differences are found between the recall of temporal and spatial or­

der in such statistics as the time course of forgetting, the conditional

proportion of acoustic confusion errors, or the serial position and dis­

tance functions, then these models must be considered inadequate.

On the other hand, the simple chaining or sequential hypothesis

based on item-to-item associations (see Jensen & Rohwer, 1965) or the

synchrony model proposed by Estes (1972) do not imply that the memory

for temporal and spatial order should be similar. In fact, these models

have little to say at present about memory for spatial order, since they

are formulated exclusively in terms of temporal factors. However, the

synchrony model implies that temporal order is primary so that memory

for spatial order would be dependent on or mediated by memory for tem­

poral order. According to this model, even if a subject is asked to

recall the spatial order of a given set of items, he would pay attention

to their temporal order as well. It also follows from the synchrony

model that memory for temporal order would be superior to that for
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spatial order.

Method

Subjects Sixteen male and female young adults served as subjects
in the present experiment. No subject had previously participated in a

short-term memory experiment at Rockefeller. Subjects were recruited

in the same manner as in the previous experiments and were similarly

paid at the rate of $2.00 per hour.

Apparatus The same apparatus was employed in the present experi­
ment as in the previous experiments; however, all four cells of the Bina­

view display device were employed.

Materials Sixteen different experimental paper tapes were employed,
a different.one for each of the sixteen subjects. Each tape contained

72 experimental trials. In addition, two practice paper tapes were em­

ployed with six practice trials on each tape. Each experimental and

each practice trial consisted of a four letter stimulus followed by a

retention interval including either zero, four, or twelve intervening

digits.

The four consonants in a trial were presented successively, each

consonant in a different one of the four cells of the screen. In this

way the temporal and spatial order of the consonants were varied inde­

pendently. As each consonant was displayed in one of the four cells,

the other three cells were left blank. Each of the digits in the reten­

tion interval, however, was displayed simultaneously in all four cells

of the Bina-view screen.

In this experiment, as in the Order Only Experiment, the same four

consonants appeared on each trial of a given experimental tape. The 24

permutations of the four letters each appeared three times as the spa­

tial ordering of the consonants, once at each of the three retention in­

tervals. In addition, the 24 permutations of the four letters each ap­

peared three times as the temporal ordering of the consonants, once at

each of the three retention intervals. Furthermore, the temporal and

spatial ordering of the consonants never coincided so that no letter
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appeared in the same temporal and spatial serial position on a trial. For

each of the sixteen experimental tapes the correct recall ordering of the

consonants coincided with the correct recall ordering of the consonants on

the corresponding tapes of the Order Only Experiment. For half of the 72

trials on a tape, this correct recall ordering was equivalent to the tem­

poral order of the consonants and for half of the trials this correct re­

call ordering was equivalent to the spatial order of the consonants. The

presentation order of these correct recall orderings corresponded exactly
to that in the Order Only Experiment. The only new constraints imposed
were that in every block of twelve trials there were four instances of

each of the three retention intervals, two of which had consonants that

were to be recalled according to their spatial order and two of which had

consonants that were to be recalled according to their temporal order.

The order, either temporal or spatial, which determined the correct

recall ordering of the consonants was cued either two seconds before the

presentation of the consonants (Precue Condition) or immediately follow­

ing the last digit of the retention interval (Postcue Condition). The

cue for temporal order recall was the presentation of the vowel I simul­

taneously in all four cells of the Bina-view screen. The cue for spa­

tial order recall was the presentation of the vowel 0 simultaneously in

all four cells of the Bina-view screen. In the Precue Condition, each

trial was begun with the screen showing blanks in all four cells for the

first 400 msec., then the recall cue for the next 400 msec., and then

blanks again for 2 sec. or five successive 400 msec. displays. Next the

four consonants were presented successively at the rate of 400 msec. per

item, followed by either 0, 4, or 12 successive digits, also presented at

the rate of 400 msec. per item. Finally the recall cue was again dis­

played for 400 msec. In the Postcue Condition all displays were identi­

cal to those in the Precue Condition except that in place of the initial

recall cue, the vowel U was displayed for 400 msec. Eight experimental

tapes and one practice tape were in the Precue Condition, and eight ex­

perimental tapes and one practice tape were in the Postcue Condition so

that cueing condition was a between-subjects variable.

The intervening digits displayed on each trial were quasi-random
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and selected from the digits I to 9 with the aid of a random number

table. The one constraint imposed here in order to avoid perceptual
confusions was that no digit immediately succeed itself. The ,digits,
and thus the retention intervals, were identically placed on each of

the sixteen tapes.

As in the Order Only Experiment, the consonants displayed in the

present experiment were drawn from the population -- BPFSKMHL. (See

Appendix A.) The eight letter population was divided into four confu­

sion sets, two acoustically confusable sets -- BP and FS -- and two con­

trol sets -- KM and HL. In the Order Only Experiment these consonants

appeared in one of two contexts paired and all-different. Similarly,
in the present experiment eight of the sixteen experimental tapes con­

sisted of stimuli in the paired context, and eight of the sixteen experi­

mental tapes consisted of stimuli in the all-different context. In fact,

the paired context tapes of the present experiment corresponded to the

paired context tapes in the Order Only Experiment so that either the

consonants BKPM were displayed on every trial or the consonants FHSL

were displayed on every trial. Similarly, the all-different context

tapes in the present experiment corresponded to the all-different con­

text tapes in the Order Only Experiment so that either the consonants

BKFH or the consonants PMSL were displayed on every trial. No all-same

context tapes were employed in the present experiment. In the present

experiment context was thus a between-subjects variable as it was in the

Order Only and Item Only Experiments, whereas it was a within-subjects

variable in the Item + Order Experiment.

The sixteen experimental tapes then included four tapes with the

consonants BKPM, four with the consonants FHSL, four with the consonants

BKFH, and four with the consonants PMSL. The four sets of tapes were

identical except for the difference in the letters displayed. Whenever

B occurred on the first set of tapes, F appeared on the second, B on the

third, and P on the fourth. Similarly, K on the first was replaced by

H, K, and M respectively; P was replaced by S, F, and S respectively;

and M was replaced by L, H, and L respectively on the second, third, and
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fourth tapes.

The four tapes showing the same consonants included one pair in the

Precue Condition and one corresponding pair in the Postcue Condition.

The two pairs of tapes were identical except for the presence or absence

of the initial recall cue. In addition, the two tapes in each pair were

identical except that for every trial the spatial order of the conson­

ants on one tape was the temporal order on the other tape and the tem­

poral order of the consonants on one tape was the spatial order on the

other. Furthermore, the cues shown on each trial of the two tapes in a

given pair were reversed so that for a given trial one tape had the cue

for spatial order recall and the other the cue for temporal order recall.

The correct recall ordering of the consonants on a given trial was thus

the same for each member of a pair of tapes and was equivalent to the

correct recall ordering on the corresponding trial of the corresponding

tape in the Order Only Experiment. A sample trial from each member of

such a pair of tapes is shown on Figure 12. In each case the correct

recall order is PBMK. (Note that the. 's on Figure 12 stand for blank

cells, the subject does not see .'s.)

The letters shown on the two practice tapes were ABCD. Each prac­

tice tape included six different temporal orderings paired with six dif­

ferent spatial orderings of the letters ABCD, two of these trials at

each of the three retention intervals, one of which was cued as temporal

order recall and one of which was cued as spatial order recall. The

order of the trials and the digits that comprised the intervening task

were quasi-random and were the same for both tapes. One of the prac­

tice tapes was in the Precue Condition and one was in the Postcue Con­

dition; otherwise the two practice tapes were identical.

Procedure Each subject was tested individually in an hour-long

session. The sixteen subjects were assigned to the sixteen experimental

tapes depending on their time of arrival for testing. Each session be­

gan with the experimenter's reading the instructions to the subject and

then conducting the six practice trials. All subjects in the Precue

Condition were shown the Precue Condition practice tape, and all subjects
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Figure 12. Sample trial sequences in the Precue Condition of the Temporal

Spatial Experiment. Sixteen views of the display screen are shown for

each trial in the order seen by the subject. In the sample trial shown

on the left, the subject sees the letters in the temporal order PBMK and

in the spatial order KMPB, and he is told to recall the letters in their

temporal order. In the sample trial shown on the right, the subject sees

the letters in the temporal order KMPB and in the spatial order PBMK, and

he is told to recall the letters in their spatial order. The .'s repre­

sent blank cells of the display screen.
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in the Postcue Condition were shown the Postcue Condition practice tape.

The testing sessions were conducted in the same manner as in the

previous experiments. The instructions read to subjects in the present

experiment were identical to those read to subjects in the Order Only

Experiment except for additional descriptions of the temporal and spa­

tial properties of the consonant displays, the recall cues, and the prac­

tice trials. (See Appendix C.) As in the Order Only Experiment, the

subject was given full information concerning the four consonants that

would be presented in varying orders during his session. The experimen­

ter also repeated this information to the subject immediately before

starting the experimental trials.

Results and Discussion

The results of the present experiment are summarized in Table XVI

in terms of proportions correct. A multifactorial ANOVA was computed

with these data to assess the contribution of the between-subjects fac­

tor of cue condition and the within-subjects factors of temporal vs.

spatial order recall, interval, and serial position. The standard error

of the values in Table XVI was found to be .07. In their study of memory

for temporal and spatial order, Mandler and Anderson (1971) found a

striking similarity between the pattern of results in a precue and a

postcue condition which suggested to them that subjects process both

temporal and spatial orders whether or not they are aware of the required

recall mode prior to input. In the present experiment also the Precue

and Postcue Conditions show similar patterns of results. Furthermore,

although Mandler and Anderson found a significant advantage in terms of

proportion correct for the precue condition, here there is only a slight

advantage for the Precue Condition over the Postcue Condition. In fact,

the ANOVA did not find this factor significant (F = 1.22, p > .05,

df = 1,14).

Time Course of Forgetting Table XVI allows one to compare the time

courses of forgetting for the temporal and spatial order recall conditions.

Little difference is seen between the functions for the two cueing



Table XVI

Proportions of Correct Responses for Temporal Spatial

Experiment, by Retention Interval, Cue Condition, and

Temporal vs. Spatial Order Recall Condition

Condition

No. of
Precue Postcue

Digits Temporal Spatial Temporal Spatial

0 .94 .80 .90 .72

4 .82 .62 e72 .57

12 .61 .44 .55 .42

91
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conditions. The ANOVA did not find a significant interaction between

the cueing factor and the factor of retention interval (F = 0.15, p > .05,

df = 2,28). Clearly recall of temporal order is superior to recall of

spatial order; however, similar decay functions are seen in the two

cases. Thus the curves for temporal and spatial order recall are paral­
lel. The ANOVA finds the temporal vs. spatial factor significant

(F = 44.55, p < .01, df = 1,14) but the interaction of the temporal vs.

spatial factor and retention interval insignificant (F = 0.11, P > .05,
df = 2,28).

Confusion Errors As in the Order Only Experiment, only the paired
context was considered for the analysis of confusion errors, since no

confusion errors are possible in the all-different context. The condi­

tional probability of a confusion error, given that an error was made,

was considered for both the confusable and the control letters. As in

the earlier experiments, in the case of temporal order recall, confusion

errors are greater between letters in the confusable sets than between

letters in the control sets at the shortest retention interval, whereas

there is no difference between confusable and control letters at the

longest interval. It may be concluded that acoustic information is em­

ployed in the temporal order case, much as in the experiments which in­

volved only temporal order recall. Again this information decays rapid­

ly and is no longer available after a few seconds of intervening activi­

ty. On the other hand, there is no such evidence for acoustic coding in

the case of spatial order recall. Here little difference is seen in the

proportions of confusion errors for confusable and control letters at

any of the three retention intervals. However, an ANOVA performed on

the data does not yield a significant interaction between the factors

temporal vs. spatial, interval and confusion set (F = 2.10, P > .05,

df = 2,12).

Serial Position Curves Symmetrical bowed serial position curves

were found in the Order Only study which could not be accounted for by

the Item + Order models but were understandable in terms of Estes (1972)

synchrony model. However, the synchrony model explains the curves solely
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in terms of temporal factors. Therefore one might predict that in the

present experiment similar curves would be seen in the case of temporal
order recall but not in the case of spatial order recall.

Serial position curves for the present experiment are plotted in

Figure 13. Note that the four serial positions in the case of temporal
order recall are the four temporal positions, whereas the four serial

positions in the spatial order case are the four spatial positions. The

curves are not separated by cue group since the first ANOVA described

above did not find a significant interaction between serial position and

cue group (F = 0.79, p > .05, df = 3,42). The same ANOVA yielded an es­

timate of .02 for the standard error of the points in this figure. The

serial position curves for temporal order recall are �learly similar to

those seen in the Order Only Experiment, being bowed and symmetrical at

each retention interval. In fact the ANOVA reveals no significant in­

teraction between the factors serial position and interval (F = 1.91,

p > .05, df = 6,84). As predicted, the curves for spatial order recall

show no orderly pattern. The ANOVA found a significant interaction be­

tween the temporal vs. spatial factor and the factor of serial position

(F = 20.05, p < .01, df = 3,42).

In his study of spatial order recall Murdock (1969) found a bowed

serial position curve when he plotted error proportions as a function of

temporal position. Apparently, the recall of an item's spatial position

depended on the position of the item in the temporal sequence. Therefore,

although no regularity is seen in the serial position curves in the pre­

sent experiment for spatial order recall when the spatial positions are

considered, possibly here, as in Murdock's case, some regularity will be

discovered if the temporal positions are considered. In fact, such a

finding would be compatible with a model such as that of Estes (1972)

where temporal order is assumed to be primary so that temporal factors

affect recall even when spatial order is required. In addition, it is

possible that the spatial positions of the consonants affect their proba­

bility of being correctly recalled in the temporal order recall situation.
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Figure 13. Serial position functions in terms of proportions of correct

responses at each of the three retention intervals in the Temporal Order

and Spatial Order Recall situations of the Temporal Spatial Experiment.

The serial positions represented are the temporal positions in Temporal

Order Recall and the spatial positions in Spatial Order Recall.
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Figure 14 then presents the serial position curves for temporal and

spatial order recall plotted as a function of spatial position for the

case of temporal order recall and as a function of temporal position for

the case of spatial order recall. In the temporal order recall case, the

curves denote the proportion of correct responses on items presented in

each of the four spatial positions. For example, consider the case when

a subject was shown the temporal sequence BKPM with the letters in the

spatial order PMBK (P in the first cell, M in the second cell, B in the

third and K in the fourth). Then, if the subject responded when asked

for the temporal order with KBPM, he made errors on letters Band K which

came from temporal positions 1 and 2. Yet, in order to construct the

serial position curves with the spatial positions, the spatial not the

temporal positions of the letters must be considered. Letters Band K,

the incorrect letters, came from spatial positions 3 and 4. Therefore,

in this case the subject would be scored with one error each from spatial

positions 3 and 4 and one correct response each from spatial positions I

and 2. An ANOVA computed with these data yielded .03 as the standard

error of the points in Figure 14. The analysis revealed that with the

spatial positions, the serial position curves for temporal order recall,

like those for spatial order recall, show no orderly pattern. However,

as predicted, with the temporal positions, the serial position curves

for spatial order recall, like the serial position curves with the tem­

poral positions for temporal order recall, are bow-shaped except that

here they are asymmetrical. The primacy portion of the serial position

curves is greater than the recency portion. The ANOVA found a signifi­

cant interaction between the temporal vs. spatial factor and the factor

of serial position (F = 16.83, p < .01, df = 3,45).

These asymmetrical curves suggest that the subjects in the spatial

order recall situation are employing some coding strategy which makes

reference to the first letter of a string regardless of its spatial posi­

tion. In any case these serial position curves demonstrate that the

temporal position of a consonant affected its probability of being re­

called in the proper spatial order. This finding is reasonable in view
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Figure 14. Serial position functions in terms of proportions of correct

responses at each of the three retention intervals in the Temporal Order

and Spatial Order Recall Situations of the Temporal Spatial Experiment.

The serial positions represented are the spatial positions in Temporal

Order Recall and the temporal positions in Spatial Order Recall.
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of an observation by the experimenter that subjects often, when recal­

l�ng the spatial order of the consonants, filled in the boxes on the re­

sponse card according to the temporal order of consonant presentation.

Therefore, for instance, if the first item shown to the subject on a

given trial was a B in the third cell, then the first response the sub­

ject would make for that trial would be to write a B in the third box on

the response card.

Distance Functions In the Order Only Experiment it proved useful

to consider the distance between the serial position where a consonant

was placed on the response card and the serial position where it had

been shown in the stimulus display. It was found that incorrect items

most often came from neighboring serial positions. These distance func­

tions like the serial position curves were accounted for by Estes'(l972)
model by implicating temporal factors. Therefore, one would expect to

find similar distance functions for temporal order recall, but not ne­

cessarily for spatial order recall.

Distance functions were plotted for the present data and are shown

in Figure 15 for the case of temporal order recall. In this case, as is

usual for temporal order recall, the serial positions considered are

the temporal positions. Thus, for instance, if the subject were given

the stimulus in the temporal order BKPM and he responded with BPKM when

asked for the temporal order, for this analysis there will be scored one

case where he put an item into position 1 from position 1, one case where

he put an item into position 2 from position 3, one case where he put an

item into position 3 from position 2, and one case where he put an item

into position 4 from position 4. On the whole, as expected, these curves

for temporal order recall are quite similar to those seen in the Order

Only Experiment. The distance functions show that incorrect responses

are most likely to come from neighboring temporal positions. Furthermore,

the curves for positions 3 and 4 look like mirror images of those for

positions land 2, which is consistent with the symmetry observed in the

serial position curves. In addition, it seems that items from positions

2 and 3 are more often substituted for each other than are any other
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Figure 15. Distance functions for Temporal Order RecaLL in the Temporal

Spatial Experiment. The serial positions represented are the temporal

positions. The point plotted for position i of any panel represents the

proportion of instances in which the response occurring in the position

marked C on the subject's answer card was the letter appearing at posi­

tion i of the string on the given trial.
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pair of items. Moreover, for each pair of serial positions, the proba­

bility of recalling an item from a given serial position in another po­

sition is equal to the probability of recalling an item from the latter

position in the former.

Similar distance functions for the recall of spatial order as a

function of the spatial serial positions are presented in Figure 16.

However, as with the serial position curves, there is little regularity.

(Here and in other similar instances, a distance function with no regu­

larity is one where there is no obvious relationship between the position
where a subject enters a letter on his response card and the position of

the same letter in the stimulus display_ Such distance functions are

described as "flat" because errors at any given response position are

equally likely to come from anyone of the stimulus positions. In these

cases the actual curves do not look flat because information about cor­

rect responses is included along with the information about the errors.)

These flat functions for spatial order recall are like those found by
Murdock (1969) when he looked at similar gradients in his data. On the

other hand, when Murdock performed the same analysis with temporal po­

sitions rather than spatial positions he found the characteristic sharp

adjacency effects.

Therefore, as in the serial position curves, it seemed worthwhile

to consider the distance functions with the temporal positions for the

spatial order recall situation and similarly with the spatial positions

for the temporal order recall situation. The distance functions for the

recall of temporal order plotted as a function of spatial position are

shown on Figure 17. The distance functions here represent the probabili­

ty that the response for an item that was shown in a given spatial posi­

tion will be an item from another spatial serial position. For instance,

if the subject received the stimuli in the temporal order BKPM and in

the spatial order PBMK, and if he responded that the temporal order had

been MKPB, then his response transposed consonants Band M; in order to

score the accuracy of temporal recall as a function of spatial position,

there would be scored one case where he gave for a stimulus in spatial
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sitions. The point plotted for position i of any panel represents the

proportion of instances in which the response occurring in the position

marked C on the subject's answer card was the letter appearing at posi­

tion i of the string on the given trial.
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position 2 a response presented in spatial position 3, one case where he

gave for a stimulus presented in spatial position 4, a response from spa­

tial position 4, one case where he gave for a stimulus presented in spa­

tial position 1 a response from spatial position 1, and one case where he

gave for a stimulus presented in spatial position 3 a response from spa­

tial position 2. These distance functions, with the spatial serial po­

sitions for temporal order recall, like those for spatial order recall,
are not orderly. Finding no orderly distance functions when the spatial

positions are considered is consonant with a model like that of Estes

(1972) which attributes these functions to temporal factorso

The distance functions for spatial order recall plotted as a function of

temporal serial position are shown on Figure 18. Here, as in the case of

temporal order recall, there is some regularity. There seems to be a

greater probability that the response for an item shown in a given tem-

poral position will be an item from a neighboring temporal position.

Again it seems that items in temporal positions 2 and 3 are most often

substituted for each other, but here items in temporal positions 3 and 4

are also substituted for each other quite often, especially at the short-

est and longest retention intervals. The large number of cases where the

last two items are interchanged suggests that in the recall of spatial

order the subject employs some coding strategy that chunks these last

two items. In any case, as a result of the large number of errors in po­

sitions 3 and 4, the curves for positions 3 and 4 are not quite mirror

images of those for positions 1 and 2 as they were in the case of temporal

order recall. However, in Figure 18 the other form of symmetry is ob­

served as it was for temporal order recall. For each pair of serial po­

sitions, the probability of putting an item from a given serial position

into another serial position is approximately equal to the probability

of putting an item from the latter of the two serial positions into the

former. Once again, then, the temporal position of an item affects the

response for that item when its spatial order is being recalled. Murdock

(1969) explains his similar finding by hypothesizing that spatial infor-

mation is extracted through a temporally mediated reconstruction, just as
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Estes (1972) model would imply.

Constant Temporal Spatial Experiment

The Temporal Spatial Experiment led to the conclusion that spatial
information is extracted through a temporally mediated reconstruction.

However, there is an alternative explanation for the results of the

Temporal Spatial Experiment which is compatible with the position hypo­
thesise It can be argued that during the Temporal Spatial Experiment,
when the subject was to learn either the temporal or the spatial order

of the consonants, he had to learn in effect a list of paired associates;

each of the four consonants had to be associated with its respective po­

sition code. However, in the case of temporal order recall, the subject
was always given the four position code members of the paired associate

list in a constant order -- 1, 2, 3, 4 -- while in the case of spatial
order recall, neither the four consonant members of the paired associate

list nor the four position code members of the list were shown in a

constant order. For that reason it was felt that the Temporal Spatial

Experiment did not provide a fair comparison of temporal and spatial or­

der recall. In fact, this same criticism can be leveled against the

other experiments comparing temporal and spatial recall (Lundberg & Book,

1969a, 1969b; Mandler & Anderson, 1971; Murdock, 1969; Shiffrin, personal

communication; and Slamecka, 1967). The present experiment was designed

to make possible a fair comparison of temporal and spatial order recall.

The design of the present experiment was strictly parallel to that

of the Temporal Spatial Experiment except that type of order was a be­

tween-subjects variable here rather than a within-subjects variable so

that no cueing was necessary. In addition, for all subjects who had to

learn the spatial order of the consonants, the temporal order was held

constant throughout the entire session. Similarly, for all subjects who

had to learn the temporal order of the consonants, the spatial order was

held constant throughout the entire session. Therefore, if the paired

associate analogy is made, for each group of subjects one of the members

of the paired associate list to be learned was always given in a con­

stant order. For the temporal order recall group, the position code
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members of the list were given in a constant order, and for the spatial
order recall group, the consonant members of the list were given in a

constant order.

Method

Subjects Twenty-four male and female young adults served as sub­

jects in the present experiment. There were two conditions with twelve

subjects in each condition. No subject had participated previously in

a short-term memory experiment at Rockefeller. Subjects were recruited

in the same manner as in the previous experiments and were similarly

paid at the rate of $2.00 per hour.

Apparatus The apparatus was the same as in the previous experimentse

Materials Eight different experimental paper tapes were employed;
72 experimental trials were included on each tape. In addition, two

practice paper tapes were employed with six practice trials on each tape.

Each experimental and each practice trial consisted of a four-letter

stimulus followed by a retention interval including either 3, 8, or 18

intervening digits.

As in the Temporal Spatial Experiment, the four consonants were

presented successively, each consonant in a different one of the four

cells of the screen. As each consonant was displayed in one of the four

cells, the other three cells were left blank. Each of the digits in the

retention interval, however, was displayed simultaneously in all four

cells of the Bina-view screen.

In this experiment, as in the Order Only and Temporal Spatial Ex­

periments, the same four consonants appeared on each trial of a given

experimental paper tape. For four of the eight experimental paper tapes,

each of the 24 permutations of the four letters appeared three times as

the temporal ordering of the consonants, once at each of the three re­

tention intervals (Temporal Order Recall Condition). In addition, for

the remaining four of the eight experimental paper tapes, each of the

24 permutations of the four letters appeared three times as the spatial

ordering of the consonants, once at each of the three retention intervals

(Spatial Order Recall Condition). In the Temporal Order Recall Condition



106

the temporal order of the consonants corresponded tria1-by-tria1 to the

order of the consonants in the Order Only Experiment. Similarly, in the

Spatial Order Recall Condition the spatial order of the consonants cor­

responded trial-by-trial to the order of the consonants in the Order Only

Experiment. Furthermore, in the Temporal Order Recall Condition the spa­

tial order of the four consonants was constant throughout the 72-trial

experimental tapes. Thus, for example, on the tape where the letters

BKPM were shown on every trial, the letters were always shown in the

spatial order B in the first Bina-view cell, K in the second, P in the

third, and M in the fourth. All that varied from trial to trial was the

temporal order of the consonants. Likewise, in the Spatial Order Recall

Condition the temporal order of the four consonants was constant through­
out the 72-trial experimental tapes so that, for example, in the case

where the letters BKPM were shown on every trial, the letters were al­

ways shown in the temporal order B first, then K, then P, and then M.

All that varied from trial to trial was the spatial order of the conso­

nants.

The presentation order of the trials corresponded exactly to that

employed in the Order Only and Temporal Spatial Experiments. The inter­

vening digits displayed on each trial corresponded exactly to those

shown in the Order Only Experiment. The digits, and thus the retention

intervals, were identically placed on each of the eight tapes.

The consonants displayed in the present experiment were drawn from

the same eight-letter population employed in the Order Only and Temporal

Spatial Experiments. (See Appendix A.) Further, as in the Temporal

Spatial Experiment, four of the eight experimental tapes consisted of

stimuli in the paired context and four of the eight experimental tapes

consisted of stimuli in the all-different context. Thus, here, as in

the Order Only, Item Only, and Temporal Spatial Experiments, context was

a between-subjects variable. In fact, the paired context tapes of the

present experiment corresponded to paired context tapes in the Order

Only and Temporal Spatial Experiments so that either the consonants BKPM

or the consonants FHSL were displayed on every trial. Similarly, the
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all-different context tapes in the present experiment corresponded to

the all-different context tapes in the Order Only and Temporal Spatial
Experiments so that either the consonants BKFH or the consonants PMSL

were displayed on every trial.

The eight experimental tapes included two tapes with the consonants

BKPM, two with the consonants FHSL, two with the consonants BKFH, and

two with the consonants PMSL. The sets of two tapes were identical ex­

cept for the differences in the letters displayed. Whenever B occurred

on the first set of tapes, F appeared on the second, B on the third, and

P on the fourth. Similarly, K on the first set of tapes was replaced by

H, K, and M; P was replaced by S, F, and S; and M was replaced by L, H,

and L, respectively on the second, third, and fourth set of tapes.

The two tapes showing the same consonants included one tape in the

Temporal Order Recall Condition and one in the Spatial Order Recall Con­

dition. Thus, each pair of tapes was identical except that for every

trial the spatial order of the consonants on one tape was the temporal
order on the other tape and the temporal order of the consonants on one

tape was the spatial order on the other. The constant spatial order of

the consonants in the Temporal Order Recall Condition and the constant

temporal order of the consonants in the Spatial Order Recall Condition

was BKPM, FHSL, BKFH, or PMSL for the four pairs of tapes respectively.

As in the Temporal Spatial Experiment, the letters ABCD were shown

on the two practice tapes. The two practice tapes were identical except

that one of the tapes was assigned to the Temporal Order Recall Condition

and one to the Spatial Order Recall Condition. In the case of the Tem­

poral Order Recall Condition, the spatial order of the letters was al­

ways ABCD, and six different permutations of the letters were employed

for the temporal order, two at each of the three retention intervals.

In the case of the Spatial Order Recall Condition the temporal order of

the letters was always ABCD, and the spatial order corresponded trial­

by-trial to the temporal order in the Temporal Order Recall Condition.

The order of the six trials and the digits that comprised the intervening

tasks were quasi-random and were the same for both tapes.
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Procedure Each subject was tested individually in an hour-long
session. The 24 subjects were assigned to the eight different experi­
mental tapes according to their time of arrival for testing. Each of

the eight tapes was shown to four subjects so that there were twelve sub­

jects in each recall condition. Note that recall condition is therefore

a between-subjects variable in the present experiment whereas it was a

within-subjects variable in the Temporal Spatial Experiment. All sub­

jects in the Temporal Order Recall Condition were shown the practice

tape for that condition, and all subjects in the Spatial Order Recall

Condition were shown the practice tape for that condition.

The testing sessions were conducted in the same manner as in the

previous experiments except that no confidence ratings were required of

the subject in the present experiment so that no numbers appeared on the

response cards.

The instructions read to subjects in the present experiment (see

Appendix C) were identical to those read to subjects in the Temporal Spa­

tial Experiment except that the previous instructions regarding the con­

fidence ratings were omitted as were the instructions regarding the recall

cues. In addition, subjects in the Temporal Order Recall Condition were

told that the spatial order of the letters would be constant and were in­

formed of the constant spatial order for their session. Furthermore,

they were told to recall the consonants in their temporal order. Simi­

larly, subjects in the Spatial Order Recall Condition were told that the

temporal order of the consonants would be constant and were informed of

the constant temporal order for their session. They were further told to

recall the consonants in their spatial order. The experimenter also re­

peated the constant order of the consonants immediately before starting

the experimental trials.

Results and Discussion

Time Course of Forgetting The time course of forgetting for the

Temporal Order Recall Condition of the present experiment is shown on

Figure 19 where it is compared with the time course of forgetting of the
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Order Only Experiment (pooled data for the paired and all-different con­

text conditions). The two curves are remarkably similar. The addition

of the spatial factor does not seem to have modified the time course of

forgetting of temporal order. However, Figure 20 reveals a marked dif­

ference in the time course of forgetting for the Temporal and Spatial
Order Recall Conditions. Although the curve for the temporal order case

is quite steep, the spatial order curve is very flat. An ANOVA was con­

ducted for these data to assess the contribution of the between-subjects
factor of temporal vs. spatial order recall and the within-subjects fac­

tor of retention interval. The ANOVA yielded an estimate of .05 for the

standard error of the points on Figure 20. The effects of temporal vs.

spatial recall (F = 4.56, p < .05, df = 1,22), retention interval ( F =

26.32, p < .01, df = 2,44), and the interaction of the two factors (F =

15.61, p < .01, df = 2,44) were all significant. In addition t tests

revealed that the proportions correct for the temporal and spatial cases

were not different at the shortest retention interval (t = .69, p > .05,

df = 22, two-tailed test), but were significantly different at the longer
retention intervals (t = 2.53, p < .05, at 8 digits and t = 3.11, p < .01

at 18 digits; df = 22, two-tailed tests in each case). The earlier con­

clusion, based on the results of the Temporal Spatial Experiment, that

temporal order recall is superior to spatial order recall is now seen to

be unwarranted.

Confusion Errors The former confusion error analysis comparing the

conditional probabilities of confusion errors given that an error was

made on confusable and control letters is not applicable to the present

situation because of the constant order constraint. In the Spatial Or­

der Recall Condition the confusable letters come from temporal positions

1 and 3 and the control letters come from temporal positions 2 and 4.

Similarly, in the Temporal Order Recall Condition confusable letters come

from spatial positions land 3 and the control letters come from spatial

positions 2 and 4. Therefore a new confusion error analysis was devised.

For all the subjects in the Spatial Order Recall Condition letters

in temporal positions 1 and 3 were from the acoustically confusable sets.
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However, for the half of these subjects who saw paired context displays,
the letters in temporal positions I and 3 were from the same acoustic

confusion set, and for the half of the subjects who sawall-different

context displays, the letters in temporal positions I and 3 were from

different acoustic confusion sets. Similarly, for subjects in the Tem­

poral Order Recall Condition, half the subjects, those seeing paired con­

text displays, saw confusable letters in spatial positions I and 3, and

half the subjects, those seeing all-different context displays, saw in

positions I and 3 letters which were from the acoustic confusion sets

but which were not confusable with each other. Let us define confusion­

set error as an error on a letter from one of the two acoustic confusion

sets when the subject substitutes an incorrect letter which comes from

either of the two acoustic confusion sets.

A confusion-set error is identical to a confusion error for letters

in the paired context, since confusable letters are involved, but it dif­

fers from a confusion error for letters in the all-different context

since nonconfusable letters are involved. Therefore, if acoustic coding
is being employed, one should find a difference in the proportion of con­

fusion-set errors on confusable letters, always in the paired context,

and on nonconfusable letters, always in the all-different context. Note

that this confusion-set error comparison does not have the same problems

as the confusion error comparison although the two comparisons are other­

wise quite similar. In the confusion-set case, both the confusable and

nonconfusable letters come from the serial positions I and 3. The con­

ditional proportions of confusion-set errors given that an error was

made on a letter from the acoustic confusion sets is shown in Figure 21.

Confusion-set errors for confusable and nonconfusable letters are com­

pared as are confusion-set errors for temporal and spatial order recall.

An ANOVA on these data yielded an estimate of .08 for the standard error

of the means. Acoustic coding is evident in the Temporal Order Recall

Situation, confusion-set errors being greater on confusable than on non­

confusable letters at the shorter retention intervals. Here, as in the

earlier experiments dealing with temporal order recall, there is a de­

cline in confusion-set errors on confusable letters as the retention
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interval increases. Therefore it seems appropriate to conclude that a­

coustic information is employed in temporal order recall but that this

information decays rapidly and is no longer available after several se­

conds of intervening activity. However, in the spatial order case,

there is no evidence for acoustic coding since there is no difference

between confusion-set errors on the confusable and the nonconfusable

letters. In accordance with these observations, the ANOVA found both

between-subjects factors of temporal vs. spatial order recall (F = 13.41,

p < .01, df = 1,20) and context (confusable vs. nonconfusable letters)

(F = 10.36, p < .01, df = 1,20) significant and the interaction between

the two factors marginally significant (F = 4.12, .10 > p > .05, df =

1,20).

Serial Position Curves Symmetrical bowed serial position curves

were found for temporal order recall in the Temporal Spatial Experiment,

whereas flat curves were found for spatial order recall. It seems rea­

sonable to assume that subjects in the temporal order recall situations

of both the present experiment and the preceding Temporal Spatial Experi­

ment do not pay attention to the spatial locations of the items. In

that case, one would not expect that holding the spatial locations of

the items constant rather than varying them would change the serial po­

sition curves for temporal order recall. Therefore, bowed serial posi­

tion curves are expected for the temporal order recall condition of the

present experiment. However, since temporal factors have been shown to

influence spatial order recall, the constant temporal order constraint

is expected to affect the spatial order recall situation. In fact, the

time course of forgetting in the Spatial Order Recall Condition of the

present experiment was very different from that in the spatial order

recall situation of the Temporal Spatial Experiment. Therefore, one

might expect that the serial position curves for spatial order recall

would also differ in the two experiments.

Serial position curves for the Temporal and Spatial Order Recall

Conditions at each of the three retention intervals are presented in

Figure 22. The serial positions employed in the Temporal Order Recall



115

Constant Temporal Spatial Experiment

Temporal order recall Spatial order recall

1.00

0.80

3 digits

-

(.)

� 0.90
�

o
(.)

8 dig its

c
o 0.70
-

�

o
a.
o

a: 0 )'...._--'----'----'--_...

0.80 18 dig its

0.60

2 3 4

Temporal positions

3 digits

8 digits

1:

18 digits

2 3 4

Spatial positions

Figure 22. Serial position functions in terms of proportions of correct

responses at each of the three retention intervals in the Temporal Order

and Spatial Order Recall Conditions of the Constant Temporal Spatial Ex­

periment. The serial positions represented are the temporal positions

in the Temporal Order Recall Condition and the spatial positions in the

Spatial Order Recall Condition.
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Condition are the temporal positions, and the serial positions used in

the Spatial Order Recall Condition are the spatial positions. An ANOVA

performed with these data yielded an estimate of .02 for the standard

error of the points in Figure 22. As in the Temporal Spatial Experiment,
the serial position curves for the Temporal Order Recall Condition are

bowed and symmetrical except for a loss of recency at the longest reten­

tion interval. The curves for spatial order are also similar to those

in the Temporal Spatial Experiments; they show only a slight tendency
toward a bow-shape. The ANOVA found to be significant the factors seri­

al position (F = 17.73, p < .01, df = 3,66) and the interaction of the

factors temporal vs. spatial and serial position (F = 8.02, p < .01,
df = 3,66).

The Temporal Spatial Experiment demonstrated that the temporal po­

sition of a consonant influences its probability of correct recall even

during spatial order recall. This finding led to the conclusion that

spatial order recall is mediated by temporal factors. Temporal factors,

however, may be less influential in the present experiment where the

items are shown in a constant temporal order on every trial. Therefore,

one might predict little effect of temporal position on spatial order

recall. In any case, since spatial position did not affect temporal

order recall in the Temporal Spatial Experiment, spatial position is not

expected to affect temporal order recall in the present experiment.

The serial position curves for temporal and spatial order recall

plotted as a function of spatial position for the Temporal Order Recall

Condition and as a function of temporal position for the Spatial Order

Recall Condition are shown in Figure 23. An ANOVA computed with these

data yielded .02 as the standard error of the points in Figure 23. As

predicted, the serial position curves for the Temporal Order Recall Con­

dition show little regularity and only a slight tendency toward a bow­

shape. The serial position curves for the Spatial Order Recall Condi­

tion, contrary to predictions, are similar to those in the Temporal

Spatial Experiment. The ANOVA found that the factor of serial position

was significnat ( F = 11.62, p < .01, df = 3,66) as was the interaction



117

Constant Temporal Spatial Experiment

- 8 dig its
u

�Q) 0.90
b.
�

0
u

c
0 0.70
-

�

0
8 dig itsa.

0
�

01: I:a..

18 digits
0.80

0.60

Temporal order recall

3 digits

o 1'
_

I 234

Spatial positions

Spatial order recall

3 digits

18 digits

234

Tem pora I pos it ions

Figure 23. Serial position functions in terms of proportions of correct

responses at each of the three retention intervals in the Temporal Order

and Spatial Order Recall Conditions of the Constant Temporal Spatial Ex­

periment. The serial positions represented are the spatial positions in

the Temporal Order Recall Condition and the temporal positions in the

Spatial Order Recall Condition.



118

between the temporal vs. spatial factor and the factor of serial position,
(F = 5.29, p < .01, df = 3,66). The curves for spatial order recall like

those for temporal order recall are bow-shaped when the temporal posi­
tions are used in each case. However, in the Spatial Order Recall Con­

dition the curves are more asymmetrical than in the Temporal Order Re­

call Condition, the primacy effect being larger than the recency effect.

A similar observation was made in connection with the Temporal Spatial

Experiment.

Since the temporal order of the consonants is constant in the spatial
order recall task, all that the subjects had to remember is the temporal
order of the spatial positions. The spatial order recall situation is

therefore quite similar to an experimental situation devised by Sanders

(1968) where subjects learned the temporal order of spatial positions.
Sanders employed five spatial positions and lists of length three to

seven. For each list length, Sanders found asymmetrical serial position
curves for temporal positions which were very similar to those found in

the present study. Sanders' curves also show considerable evidence for

a primacy effect but not for a recency effect. These asymmetrical
curves suggest that subjects in these situations use a coding strategy

which makes reference to the first letter of a string regardless of its

spatial location.

In any case, despite the fact that the temporal order of the conso­

nants was constant in the Spatial Order Recall Condition, the temporal

position of an item affected its probability of being recalled in the

correct spatial position.

Distance Functions In the Temporal Spatial Experiment the distance

functions revealed that in the case of both temporal and spatial order

recall incorrect items most often came from neighboring temporal positions.

However, the spatial position of an item did not affect the response for

that item even in the case of spatial order recall. One may wonder whe­

ther the same conclusions can be reached on the basis of the data from

the present Constant Temporal Spatial Experiment. In fact, the distance

functions in the two experiments do lead to similar conclusions.
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The distance functions for each of the three retention intervals in

the Temporal Order Recall Condition are presented in Figure 24. In this

case the serial positions considered are the temporal positions. With a

few irregularities, the distance functions show that incorrect responses

are most likely to come from neighboring serial positions. In addition,

the probability of putting an item from serial position 2 into serial po­

sition 3 is especially large as is the probability of putting an item

from serial position 3 into serial position 2. At the longest retention

interval, it is also the case that the probability of putting an item

from serial position 4 into serial position 3 is very large as is the

probability of putting an item from serial position 3 into serial posi­
tion 4. Therefore, at the earlier retention intervals, the curves for

serial positions 3 and 4 look like mirror images of those for positions
land 2, which is consistent with the symmetry observed in the serial

position curves at those intervals. However, at the longest retention

interval, the symmetry is marred by the larger probability of interchang­

ing items in positions 3 and 4 than in land 2. This asymmetry in the

distance functions is reminiscent of the asymmetry observed in the serial

position curves at the same retention interval. The other form of sym­

metry of the distance function, though, is evident at each of the three

retention intervals: the probability of putting an item from a given

serial position into another serial position is roughly equal to the

probability of putting an item from the latter of the two serial positions

into the former.

The distance functions at each of the three retention intervals for

the Spatial Order Recall Condition plotted as a function of spatial seri­

al position are presented in Figure 25. Here, as with the serial posi­

tion curves, the functions are much flatter than in the temporal order

case, showing a tendency toward an equal probability of putting an item

from a given serial position into anyone of the other serial positions.

Furthermore, the distance functions for the Temporal Order Recall Condi­

tion plotted as a function of spatial serial position are similar to those

for the Spatial Order Recall Condition as a function of spatial serial



Temporal Order Recall

3 digits

0.20

en 8 digitsQ)
en 1.00
c
0
a.
en
Q)
....

- 0.60
0

c
0

-

.... 0.20
0
a.
0
....

o, 18 digits
1.00

1.00

0.60

0.60

0.20

234

120

I 2 3 4 I 2 3 4 I 2 3 4

Temporal positions

Constant temporal spatial experiment

Figure 24. Distance functions for the Temporal Order Recall Condition of

the Constant Temporal Spatial Experiment. The serial positions represen­

ted are the temporal positions. The point plotted for position i of any

panel represents the proportion of instances in which the response oc­

curring in the position marked C on the subject's answer card was the

letter appearing at position i of the string on the given trial.



1.00

0.60

0.20

Spatial Order Recall

3 digits

(/) 8 digitsCl) 1.00(/)
c
0
a.
(/)
Cl)
�

0.60
-

0

c
0

-

0.20�

0
a.
0
�

o,
18 digits

1.00

0.60

0.20

121

123 4234 234

Spatial positions

Constant temporal spatial experiment

234

Figure 25. Distance functions for the Spatial Order Recall Condition of

the Constant Temporal Spatial Experiment. The serial positions represen­

ted are the spatial positions. The point plotted for position i of any

panel represents the proportion of instances in which the response occur­

ring in the position marked C on the subject's answer card was the letter

appearing at position i of the string on the given trial.



122

position. These curves which are quite flat are presented in Figure 26.

On the other hand, regularity is again observed when the temporal
serial positions are considered, this time for the Spatial Order Recall

Condition (see Figure 27). It seems here that items from neighboring

temporal positions are most often substituted for the correct item. In

addition, it seems that items from temporal positions 3 and 4 are most

often interchanged and more often than are items from temporal positions

2 and 3 and 1 and 2, which is consistent with the marked asymmetry in

the serial position curves. Furthermore, again it seems that for each

pair of serial positions, the probability of putting an item from a

given serial position into another serial position is equal to the proba­

bility of putting an item form the latter of the two serial positions

into the former. These findings for the distance functions, like those

for the serial position functions, are consonant with the notion that

temporal factors influence spatial order recall. In this way additional

support is given to Murdock's notion that spatial order information is

extracted through a temporally mediated reconstruction.

Pattern Analysis Temporal factors have been shown to influence the

recall of spatial order. At this point, though, the specific role of

the temporal factors is not clear. One obvious possibility is that the

subject is paying attention, not to each consonant independently, but

rather to the temporal spatial pattern of consonant presentations.

These patterns are shown in Figure 28. There are 24 possible temporal

spatial patterns, and, because of the manner in which the stimulus tapes

were constructed, every subject saw each one of these patterns once at

each of the three retention intervals. Some of these temporal spatial

patterns were included in the studies of temporal and spatial order re­

call of Lundberg and B�ok (1969a, 1969b).

Distance functions for the temporal serial positions are shown in

Table XVII for each of the 24 patterns in the Temporal Order Recall Con­

dition. The distance functions for the spatial serial positions are

similarly presented in Table XVIII for each of the 24 patterns in the

Spatial Order Recall Condition. It is clear from these tables that the
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Figure 26. Distance functions for the Temporal Order Recall Condition of

the Constant Temporal Spatial Experiment. The serial positions repre­

sented are the spatial positions. The point plotted for position i of

any panel represents the proportion of instances in which the letter

that was shown in the spatial position marked C was replaced in the sub­

ject's protocol by the letter that was shown in spatial position i on

the given trial.



124

Spatial Order Recall

3 digits
1.00

0.60

0.20

en
OJ 8 digitsen 1.00c
0
a.
en
OJ
'-

- 0.60
0

c
0

-

L.:. 0.200
a.
0
'-

a...
18 digits

1.00

0.60

0.20

I 2 3 42 3 4 234 234

Tempera I pes itions

Constant temporal spatial experiment

Figure 27. Distance functions for the Spatial Order Recall Condition of

the Constant Temporal Spatial Experiment. The serial positions repre­

sented are the temporal positions. The point plotted for position i of

any panel represents the proportion of instances in which the letter that

was shown in the temporal position marked C was replaced in the subject's

protocol by the letter that was shown in temporal position i on the given

trial.
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Spatial Order
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Figure 28. Temporal spatial patterns of consonant presentations. The

spatial positions are shown horizontally, and the temporal positions are

shown vertically. For example, in pattern number 7, the subject first

sees a consonant in the third cell, then one in the fourth cell, then one

in the first cell, and then one in the second cell.
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Temporal Distance Functions for Temporal Order Recall Condition of

Constant Temporal Spatial Experiment

Distance Function (Response Position, Stimulus Position)
Pattern
No. 1,1 1,2 1,3 1, 4 � 2,2 2,3 2,4

1 36 0 0 0 0 32 4 0

2 31 0 4 1 3 27 6 0

3 26 5 3 2 4 26 5 1

4 29 2 4 1 2 29 2 3

5 22 3 9 2 8 20 3 5

6 33 0 1 2 1 24 7 4

7 31 1 3 1 3 23 5 5

8 30 2 3 1 2 27 4 3

9 34 0 2 0 1 29 4 2

10 29 4 1 2 3 25 4 4

11 27 5 3 1 4 26 4 2

12 32 1 2 1 4 26 3 3

13 29 0 4 3 5 19 8 4

14 27 4 3 2 3 20 9 4

15 28 1 4 3 5 23 5 3

16 26 3 2 5 6 20 6 4

17 32 1 3 0 0 25 8 3

18 29 2 4 1 3 26 2 5

19 27 6 1 2 3 25 6 2

20 24 7 4 1 8 23 1 4

21 33 1 0 2 1 27 6 2

22 26 2 6 2 4 22 3 7

23 30 3 3 0 2 26 4 4

24 29 0 3 4 2 27 5 2

3,1 3,2 3,3 3,4 4,1 4,2 4,3 4,4

o 3 31 2 0 2 1 33

1 7 25 3 1 2 1 32

3 4 25 4 3 1 3 29

3 2 28 3 2 3 2 29

3 10 21 2 3 3 3 27

o 8 21 7 2 4 7 23

1 9 23 3 1 3 5 27

2 6 21 7 2 1 8 25

1 4 27 4 0 3 3 30

2 3 25 6

5 2 27 2

o 7 24 5

1 8 21 6

4 8 23 1

1 6 26 3

2 6 24 4

3 7 23 3

2 0 27 7

o 3 22 11

3 3 24 6

1 6 25 4

4 9 20 3

2 3 23 8

1 7 24 4

2 4 6 24

o 3 2 31

o 2 7 27

1 9 3 23

2 4 1 29

2 6

3 7

1 3

2 8

6 2

1 3

1 2

2 3

2 4

4 2

1 27

3 23

2 30

3 23

7 21

7 25

5 28

7 24

6 24

4 26
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Table XVIII

Spatial Distance Functions for Spatial Order Recall Condition of
Constant Temporal Spatial Experiment

Distance Function (Response Position, Stimulus Position)
Pattern
No. 1,1 � 1,3 1,4 � 2,2 2,3 2,4 3,1 3,2 � 3,4 4,1 4,2 4,3 4,4

1 35 1 0 0 1 35 0 0 0 0 36 0 0 0 0 36

2 35 1 0 0 1 34 1 0 0 1 34 1 0 0 1 35

3 32 2 2 0 2 32 1 1 2 1 33 0 0 1 0 35

4 33 0 0 3 0 31 4 1 0 5 30 1 3 0 2 31

5 30 4 0 2 4 24 7 1 0 5 29 2 2 3 0 31

6 31 1 0 4 0 25 11 0 2 8 23 3 3 2 2 29

7 33 2 0 1 3 33 0 0 0 0 36 0 0 1 0 35

8 29 2 3 2 2 32 1 1 3 1 28 4 2 1 4 29

9 36 0 0 0 0 32 0 4 0 2 34 0 0 2 2 32

10 27 9 0 0 9 27 0 0 0 0 35 1 0 0 1 35

11 30 0 4 2 0 33 2 1 4 3 29 0 2 0 1 33

12 28 5 3 0 5 29 2 0 3 2 27 4 0 0 4 32

13 33 2 0 1 1 31 4 0 2 2 29 3 0 1 3 32

14 35 0 0 1 0 36 0 0 1 0 34 1 0 0 2 34

15 29 4 2 1 3 21 12 0 1 11 22 2 3 0 0 33

16 28 1 0 7 6 28 0 2 0 0 35 1 2 7 1 26

17 33 0 3 0 0 34 0 2 3 0 33 0 0 2 0 34

18 25 4 3 4 7 27 2 0 3 5 24 4 1 0 7 28

19 28 4 0 4 4 27 0 5 0 1 34 1 4 4 2 26

20 32 2 2 0 3 32 1 0 1 2 33 0 0 0 0 36

21 34 0 1 1 0 16 3 17 2 4 28 2 0 16 4 16

22 25 1 8 2 1 28 4 3 7 5 21 3 3 2 3 28

23 30 5 0 1 3 23 4 6 1 3 31 1 2 5 1 28

24 22 6 8 0 5 26 4 1 8 1 24 3 1 3 0 32
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patterns differ considerably in their overall probability of correct re­

call; also it is clear that the distribution of errors made on these 24

patterns is far from random. It seems that certain patterns show charac­

teristic distance functions. This finding is especially interesting for

the Spatial Order Recall Condition in light of the observation that the

same distance functions grouped across patterns were flat. For example,
in the Spatial Order Recall Condition, patterns #6 and 15 show a tendency

to interchange items in serial positions 2 and 3; pattern #10 shows a

tendency to interchange items in serial positions 1 and 2, and pattern

#21 shows a tendency to interchange items in serial positions 2 and 4.

Furthermore, in each of these cases, letters in temporal positions 3 and

4 were interchanged, and these two interchanged letters had been presen­

ted from right to left spatially. Thus there seems to be a tendency to

recall letters in the last two temporal positions as though they were

presented from left to right spatially.

A correlation of .35 was found between proportion correct at each

of these 24 patterns in the Temporal Order Recall Condition and the pro­

portion correct at each of the same 24 patterns in the Spatial Order Re­

call Condition. This coefficient is positive but not significant at the

.05 level with 22 degrees of freedom. (Here and in other similar in­

stances the reader is referred to Snedecor and Cochran, 1967, p. 557.)

The nonsignificant correlation coefficient indicates that subjects in

the Temporal Order Recall Condition did not code the temporal spatial

patterns in the same manner as did subjects in the Spatial Order Recall

Condition.

1234 Experiment

The Constant Temporal Spatial Experiment revealed substantial dif­

ferences between temporal and spatial order recall. Most impressive were

the differences in the time course of forgetting and in the effects of

acoustic confusability. Temporal order recall showed the typical steep

time course of forgetting, whereas spatial order recall showed a much

flatter function. Furthermore, temporal order recall, but not spatial

order recall, showed evidence for coding in terms of acoustic information.
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The distinction between temporal and spatial order recall is therefore

confounded with a distinction between acoustic and nonacoustic coding.
One wonders then whether eliminating acoustic coding would eliminate the

other differences between temporal and spatial order recall. The present

experiment sought to answer this question by determining whether the time

course of forgetting in temporal and spatial order recall differ when

acoustic information is eliminated.

This experiment was therefore a direct follow-up of the Constant

Temporal Spatial Experiment. All materials of the experiment as well as

the design were identical to that of the preceding experiment; all that

differed in the two cases was the subject's task. In the present experi­
ment the subject was required to say aloud the digits "1, 2, 3, 4" as the

four consonants appeared successively, rather than to read aloud the four

consonants. In this way the present experiment eliminated the use of

acoustic information by requiring the subject to pronounce irrelevant

items rather than the consonants themselves. The technique is similar to

that employed by Estes (1973), Murray (1967), Tell (1971) and others.

Method

Subjects Twenty-four male and female young adults served as sub­

jects in the present experiment, half assigned to the Temporal Order Re­

call Condition and half to the Spatial Order Recall Condition. No sub­

ject had participated previously in a short-term memory experiment at

Rockefeller. Subjects were recruited in the same manner as in the pre­

vious experiments and were similarly paid at the rate of $2.00 per hour.

Apparatus The same apparatus was employed in the present experiment

as had been employed in the previous experiments.

Materials The identical eight experimental and two practice paper

tapes from the Constant Temporal Spatial Experiment were employed in the

present experiment.

Procedure The procedure employed in the present experiment was iden­

tical to that employed in the Constant Temporal Spatial Experiment with

one exception. Although the subject was instructed to read aloud every
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one of the 3, 8, or 18 digits as they appeared during the retention in­

terval, he was not instructed to read aloud the letters as they appeared
at the beginning of a trial. Rather, the subject was told to say aloud

"one" as the first consonant appeared, "two" as the second consonant ap­

peared, "three" as the third consonant appeared, and "four" as the fourth

consonant appeared. (See Appendix C.) In addition, the subject was told

the constant order of the consonants and a card was placed in front of

him that had printed on it the constant order.

Results and Discussion

Time Course of Forgetting The time course of forgetting for the

Temporal and Spatial Order Recall Conditions of the present experiment

are compared in Figure 29. An ANOVA performed on these data yielded .03

as the value of the standard error of the points on Figure 29. Whereas

in the Constant Temporal Spatial Experiment the proportions correct at

the shortest retention interval were not different for temporal and spa­

tial recall but were significantly different at the longer retention in­

tervals, in the present experiment the proportions correct for temporal

and spatial order recall differ at all three retention intervals. Fur­

thermore, whereas in the Constant Temporal Spatial Experiment the time

course of forgetting was quite steep in the case of temporal order re­

call, in the present experiment the time course of forgetting for Temporal

Order Recall is flat just as for the Spatial Order Recall Condition. The

ANOVA finds the temporal vs. spatial factor marginally significant (F =

3.54, .05 < p < .10, d'i = 1,22), the factor of retention interval signi­

ficant (F = 14.57, p < .01, df = 3,66), but the interaction of the two

factors not significant (F = 0.78, p > .05, df = 2,44). The fact that

the time courses of forgetting in the two recall conditions are parallel

supports the hypothesis that the same form of coding was employed in the

two tasks.

Confusion Errors Now that acoustic information has been eliminated,

no evidence is expected for acoustic coding in either recall condition.

Therefore no difference is expected in proportion of confusion-set errors

on confusable and nonconfusable letters in either the Temporal or the
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Figure 29. Time course of forgetting in terms of proportion of correct

responses at each of the three retention intervals in the Temporal Order

and Spatial Order Recall Conditions of the 1234 Experiment.
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Spatial Order Recall Conditions. The conditional proportions of confu­

sion-set errors given that an error was made on a letter from one of the

two acoustic confusion sets are shown on Figure 30. The conditional pro­

portions for confusable and nonconfusable letters are compared as are

the conditional proportions for the Temporal and Spatial Order Recall

Conditions. An ANOVA yielded .06 as the standard error of the means.

Here, as expected, no difference is seen between confusion-set errors on

confusable and nonconfusable letters in either recall condition. This

finding is consonant with the contention that acoustic information is not

being employed in the present experiment. In accordance with these ob­

servations, the ANOVA did not find the factor of context (confusable vs.

nonconfusab1e letters) to be significant (F = 1.49, p > .05, df = 1,20)
nor the interaction of the factors temporal vs. spatial order recall and

context (F = 2.34, p > .05, df = 1,20).

Serial Position Curves In the Constant Temporal Spatial Experiment

the serial position curves for temporal positions were very similar for

temporal and spatial order recall except that less recency was noted for

the spatial order case. Furthermore, in the Constant Temporal Spatial

Experiment, the serial position curves with the spatial positions were

very similar for temporal and spatial recall. Therefore, in the present

experiment, where it is supposed that temporal and spatial order recall

involve the same coding mechanism, little difference is expected between

temporal and spatial order recall in the serial position curves either

when both are plotted for temporal or when both are plotted for spatial

positions. These predictions are upheld by the data.

Serial position curves are shown in Figure 31 for the Temporal and

Spatial Order Recall Conditions at each of the three retention intervals.

The serial positions used for the analysis in the Temporal Order Recall

Condition are the temporal positions; whereas the serial positions used

for the analysis in the Spatial Order Recall Condition are the spatial

positions. As in the Constant Temporal Spatial Experiment, the serial

position curves for the Temporal Order Recall Condition are bowed with

a loss of recency especially at the longest retention interval. However,
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2 4 6 8

Retention interval in seconds

Figure 30. Conditional proportions of confusion-set errors given that

an error was made at each of the three retention intervals for letters

from the paired context strings (confusable letters) and letters from the

all-different context strings (nonconfusable letters) in the Spatial Or­

der and Temporal Order Recall Conditions of the 1234 Experiment. Solid

circles stand for nonconfusable letters; unfilled circles stand for con­

fusable letters.
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Figure 31. Serial position functions in terms of proportions of correct

responses at each of the three retention intervals in the Temporal Order

and Spatial Order Recall Conditions of the 1234 Experiment. The serial

positions represented are the temporal positions in the Temporal Order

Recall Condition and the spatial positions in the Spatial Order Recall

Condition.
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the curves for the Spatial Order Recall Condition, also as in the Con­

stant Temporal Spatial Experiment, show only a slight tendency toward a

bow shape.

Figure 31.

An ANOVA yielded .02 as the standard error of the points in

The ANOVA found both the factor of serial position (F = 14.74,

p < .01, df = 3,66) and the interaction of the factors serial position
and temporal vs. spatial order recall (F = 3.76, p < .05, df = 3,66)
significant.

The serial position curves for the Temporal and Spatial Order Re­

call Conditions are presented on Figure 32 as a function of spatial po­

sition for the Temporal Order Recall Condition and as a function of tem­

poral position for the Spatial Order Recall Condition. As predicted, the

serial position curves for the Temporal Order Recall Condition are like

those for the Spatial Order Recall Condition both when the spatial posi­
tions and when the temporal positions are considered. In the former

case, the curves show little regularity; in the latter, the curves are

bow-shaped and asymmetrical with primacy but little recency. An ANOVA

computed with these data yielded .02 as the standard error of the points

in Figure 32. The ANOVA found the factor of serial position to be sig­

nificant (F = l5.7� p < .01, df = 3,66) as well as the interaction of

the factor of serial position and the temporal vs. spatial factor (F =

12.15, p < .01, df = 3,66).

Distance Functions As with the serial position curves, in the Con­

stant Temporal Spatial Experiment little difference was observed between

the distance functions for temporal and spatial order recall, either when

the temporal positions or when the spatial positions were employed. There­

fore, little difference between the distance functions in the two condi­

tions is expected in the present experiment where presumably the same

coding mechanisms are being employed in the two recall conditions. These

predictions for the distance functions, like those for the serial posi­

tion curves, are upheld by the data. In fact, the distance functions

for the present experiment are strikingly similar to those in the Constant

Temporal Spatial Experiment just as were the serial position curves.

These distance functions for Temporal Order Recall are shown in Figure 33
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Figure 32. Serial position functions in terms of proportions of correct

responses at each of the three retention intervals in the Temporal Order

and Spatial Order Recall Conditions of the 1234 Experiment. The serial

positions represented are the spatial positions in the Temporal Order

Recall Condition and the temporal positions in the Spatial Order Recall

Condition.
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plotted as a function of temporal position. The functions for Spatial
Order Recall are shown in Figure 34 plotted as a function of spatial po­

sition; the curves for Temporal Order Recall are shown in Figure 35 plot­
ted as a function of spatial serial position; and the curves for Spatial
Order Recall are shown on Figure 36 plotted as a function of temporal
serial position.

These distance functions revealed that temporal and spatial factors

have similar effects whether the subjects are recalling the temporal or

the spatial order of the items. It therefore seems that the subjects
are employing the same coding strategies in the Temporal and Spatial
Order Recall Conditions of the present experiment.

Pattern Analysis Distance functions with the temporal positions are

shown for each of the 24 patterns in the Temporal Order Recall Condition

in Table XIX. Similarly the distance functions with the spatial posi­

tions are shown for the 24 patterns in the Spatial Order Recall Condi­

tion in Table xx. The picture in each case is similar to that observed

in the Constant Temporal Spatial Experiment. The patterns differ in the

overall probability correct, and for the most part, the patterns show

the same characteristic distance functions observed in the Constant Tem­

poral Spatial Experiment.

The proportion correct at each of the 24 patterns in the Temporal

Order Recall Condition of the present experiment was compared with the

proportion correct at each of the 24 patterns in the Spatial Order Re­

call Condition. The correlation coefficient was found to be .66. Fur­

thermore, the correlation coefficient for the proportion correct at each

of the 24 patterns in the Temporal Order Recall Condition of the present

experiment and the Temporal Order Recall Condition of the Constant Tem­

poral Spatial Experiment was found to be .69, and a correlation coeffi­

cient of .84 was found between the proportions correct in the Spatial

Order Recall Conditions of the two experiments. In each case the cor­

relation coefficient was significant at the .01 level. There is, there­

fore, considerable consistency across conditions in the effect of tem­

poral spatial patterns on probability correct. This finding gives support
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Table XIX

Temporal Distance Functions for Temporal Order Recall

Condition of 1234 Experiment

Pattern Distance Function (Response Position, Stimulus Position)
No. 1,1 1,2 1,3 1,4 � 2,2 bl � 3,1 � 3,3 3,4 4,1 � 4,3 4,4

1 31 3 1 1 3 25 5 3 1 6 25 4 1 1 5 29

2 28 3 0 5 3 28 3 2 1 1 33 1 4 4 0 28

3 21 8 2 5 3 22 8 3 6 4 21 5 6 2 5 23

4 30 1 2 3 2 30 3 1 2 4 26 4 2 1 5 28

5 26 4 3 3 5 19 5 7 2 10 19 5 3 3 9 21

6 31 3 1 1 3 23 9 1 1 6 14 15 1 4 12 19

7 25 3 5 3 3 24 6 3 4 6 22 4 4 3 3 26

8 23 5 2 6 6 22 4 4 4 3 27 2 3 6 3 24

9 31 3 1 1 3 28 3 2 1 3 28 4 1 2 4 29

10 24 5 1 6 5 21 8 2 4 5 18 9 3 5 9 19

11 25 6 4 1 5 21 6 4 4 6 19 7 2 2 7 25

12 23 7 5 1 6 18 6 6 4 4 21 7 3 7 4 22

13 21 4 6 5 8 14 5 9 4 8 20 4 4 9 5 18

14 19 6 10 1 5 19 5 7 7 6 16 7 5 5 5 21

15 25 7 3 1 5 18 8 5 3 5 16 12 3 5 9 19

16 24 4 4 4 5 23 6 2 4 4 20 8 3 5 6 22

17 29 3 4 0 5 23 6 2 2 6 24 4 0 4 2 30

18 21 3 8 4 6 14 7 9 6 8 15 7 2 11 8 15

19 24 6 3 3 7 17 5 7 2 7 19 8 3 6 9 18

20 24 3 4 5 5 22 6 3 4 7 20 5 3 4 6 23

21 30 3 1 2 3 21 10 2 2 8 16 10 1 4 9 22

22 20 5 6 5 3 18 9 6 4 7 15 10 9 6 6 15

23 22 10 3 1 5 16 9 6 5 6 16 9 4 4 8 20

24 19 7 4 6 6 21 7 2 4 6 19 7 6 2 7 21
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Table XX

Spatial Distance Functions for Spatial Order Recall

Condition of 1234 Experiment

Pattern Distance Function (Response Position, Stimulus Position)
No. 1,1 .Ll. b1. 1,4 b.!. b1. b1. � .l.J:. � l.t1_l,_i 4,1 s.z 4,3 4,4

1 35 0 0 1 0 34 2 0 1 1 33 1 0 1 1 34

2 33 2 1 0

3 32 2 2 0

4 28 0 2 6

5 25 5 1 5

6 28 1 3 4

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

32 2

29 2

34 0

21 14

24 3

o 2

2 3

2 0

1 0

5 4

29 4 3 0

32 1 1 2

29 1 3 3

27 2 4 3

25 3 0 8

32 3 1 0

23 2 5 6

24 2 3 7

24 0 12 0

32 0 3 1

21 2 13 0

25 5 3 3

27 4 5 0

3 32 1 0 0 2 33 1 0 0 1 35

2 29 5 0 1 5 29 1 1 0 0 35

3 30 2 1 1 6 29 0 4 0 3 29

4 21 5 6 3 3 29 1 4 7 1 24

1 23 11 1 2 9 21 4 5 3 1 27

2 32 0 2 1 0 35 0 1 2 1 32

2 32 1 1 2 2 25 7 3 0 8 25

1 30 0 5 1 3 30 2 0 3 4 29

12 19 0 5 1 2 30 3 2 1 5 28

4 30 2 0 8 3 23 2 0 0 6 30

3 30 3 0 3 2 23 8 1 0 7 28

2 30 3 1 0 4 27 5 2 1 5 28

1 33 2 0 2 2 28 4 4 0 3 29

1 22 12 1 4 11 19 2 4 1 1 30

3 29 2 2 0 3 32 1 8 1 2 25

1 29 1 5 3 4 26 3 0 0 8 28

5 23 4 4 4 9 19 4 4 2 8 22

3 23 0 10 2 1 29 4 7 10 4 15

6 26 2 2 6 5 22 3 0 5 0 31

4 16 3 13 0 4 23 9 0 16 7 13

4 23 4 5 6 9 18 3 5 2 1 28

5 21 4 6 4 2 28 2 2 8 1 25

2 27 6 1 6 2 24 4 1 3 1 31
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to the hypothesis that subjects are specifically attending to these tem­

poral spatial patterns when trying to recall the consonants in their

proper order.

The data from the Temporal and Spatial Order Recall Conditions of

the present experiment are similar in every respect considered. The

time courses of forgetting in the two conditions are parallel and rela­

tively flat. The confusion-set analyses are similar in the two condi­

tions, there being no difference between confusion-set errors on confu­

sable and control letters in either case. The serial position curves

and distance functions for the two conditions are similar when the tem­

poral positions are considered in each case, and the serial position
curves and distance functions for the two conditions are similar when

the spatial positions are considered in each case. Moreover, the pro­

portion of correct responses at each of the 24 patterns are similar in

the two conditions. Therefore, removing acoustic coding has removed the

substantial differences which had obtained between the temporal and spa­

tial order recall situations in the Constant Temporal Spatial Experiment.

Pattern Interference I

In both the Constant Temporal Spatial and the 1234 Experiments, sub­

jects in the Spatial Order Recall Condition showed a high level of per­

formance at each of the three retention intervals. The time course of

forgetting was nearly flat in each case. The contrast between the flat

function for spatial order recall and the relatively steep decline for

temporal order recall calls for some explanation.

The most probably locus of the difference appears to be the inter­

vening task, reading digits aloud. Clearly from the previous experiments

and from the Temporal Order Recall Condition of the Constant Temporal Spa­

tial Experiment, reading digits aloud at the rapid rate required is a dif­

ficult enough task to produce forgetting. Yet the subject does not show

evidence of forgetting the spatial order of the consonants, only their

temporal order. Why is this? Decay theory might attempt to explain

this finding by postulating several types of rehearsal. Reading aloud
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digits might prevent the type of rehearsal necessary for temporal order

recall but allow the type of rehearsal necessary for spatial order re­

call. This finding could also be explained by interference theory.

Reading digits aloud might be considered more similar to the temporal
order recall task than to the spatial order recall task and therefore

would be expected to produce more interference in the former situation

than in the latter. The first step toward testing these possible ex­

planations empirically must be to determine more specifically the role

of the intervening task in relation to spatial order recall.

The present experiment sought to test the hypothesis that similari­

ty was the essential determiner of intervening task effectiveness by

replicating the Spatial Order Recall Condition of the Constant Temporal

Spatial Experiment and manipulating the intervening task. Two different

intervening tasks were employed. The intervening items were the same in

both tasks; the subjects were shown digits which, like the to-be-remem­

bered consonants, appeared in only one of the four cells of the Bina­

view screen. However, the subjects' response to these digits differed

from task to task. In one task, as in the previous experiments, the

subjects merely read aloud each digit as it appeared and were not re­

quired to pay attention to the spatial arrangements of the digits. In

the other task, which was designed to be more interfering with spatial

order recall, the subjects, who were trying to remember the spatial or­

der of the consonants, were forced to process the spatial order of the

digits. In this task the subjects said aloud the Bina-view cell number

where each digit appeared, the cells being numbered from left to righto

Method

Subjects Twenty-four male and female young adults served as sub­

jects in the present experiment. There were two conditions in this ex­

periment with twelve subjects in each condition. No subject had parti­

cipated previously in a short-term memory experiment at Rockefeller.

Subjects were recruited in the same manner as in the previous experiments.

The first 10 subjects (5 subjects in each condition) were paid at the

rate of $2.00 per hour; the last 14 subjects (7 in each condition) were
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paid at the rate of $2.50 per hour.

Apparatus The same apparatus was employed in the present experi­
ment as had been employed in the previous experiments.

Materials Four experimental and one practice paper tape were em­

ployed, all identical to those employed in the Spatial Order Recall Con­

dition of the Constant Temporal Spatial and 1234 Experiments with one

exception involving the intervening digits. Trial-by-trial the same

digits were employed in the present experiment as in the previous experi­

ments; however the digits in the retention interval were not displayed

simultaneously in all four cells of the Bina-view screen. Rather, like

the consonants, each digit was displayed in only one of the four cells

of the screen, while the other three cells were left blank. The cell

location where each digit appeared varied from digit to digit; the lo­

cation was quasi-random and was determined with the aid of a table of

random numbers. The one constraint imposed was that no two successive

digits appeared in the same cell location.

Procedure Each subject was tested individually in an hour-long ses­

sion. The 24 subjects were assigned to the four different experimental

tapes according to their time of arrival for testing. Each of the four

tapes was shown to six subjects, three subjects in one condition (Digit
Name Condition) and three subjects in the other condition (Digit Posi­

tion Condition). Each session was begun with the experimenter's reading

of the instructions to the subject and then conducting the six practice

trials from the practice tape.

The testing sessions of the present experiment were conducted in

the same manner as in the Spatial Order Recall Condition of the Con­

stant Temporal Spatial Experiment.

The instructions read to subjects in the Digit Name Condition of the

present experiment (see Appendix 'C) were identical to those read to sub­

jects in the Spatial Order Recall Condition of the Constant Temporal

Spatial Experiment except for the explanation concerning the location of

each digit on the Bina-view screen. Furthermore, the instructions read
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to subjects in the Digit Position Condition were identical to those read

to subjects in the Digit Name Condition with the exception of the in­

structions involving the intervening digits. Subjects in the Digit Name

Condition were instructed, as in the Constant Temporal Spatial Experi­

ment, to read aloud every item as it appeared on the Bina-view screen.

However, subjects in the Digit Position Condition, although they were

told to read aloud the consonants as they appeared, were not told to

read aloud the digits as they appeared. Rather they were told to say

aloud the cell number where each digit appeared, assuming that the cells

were numbered from left to right. Thus, if a digit, any digit, appeared
in the cell closest to the left, the subject was to say "one" as it ap­

peared; if a digit appeared in the cell second from the left, he was to

say "two" as it appeared; if a digit appeared in the cell third from the

left, he was to say "three" as it appeared; and if a digit appeared in

the cell closest to the right, he was to say "four" as it appeared.

(See Figure 37 for sample intervening tasks in the two conditions.)

Results and Discussion

Time Course of Forgetting The time course of forgetting for the

Digit Name and Digit Position Conditions of the present experiment are

compared on Figure 38. The two time courses are almost parallel, and in

each case the time course is quite flat. The curve for the Digit Name

Condition is very similar to that observed in the Spatial Order Recall

Condition of the Constant Temporal Spatial Experiment. In fact, the

difference between proportions correct in the two conditions was not

significant at any of the three retention intervals (t = 0.80, p > .05;

t = 1.95, p > .05; t = 1.17, p > .05; at 3, 8, and 18 digits respectively,

using a two-tailed test with df = 22 in each case). However, the pro­

portion correct for the Digit Position Condition is significantly lower

than that for the Digit Name Condition at each retention interval ( t =

2.94, p < .01; t = 4.00, p < .01; t = 3.54, p < .01 at 3, 8, and 18

digits respectively, a two-tailed test with df = 22 in each case). An

ANOVA was also conducted on these data to assess the contribution of the

between-subjects factor of condition and the within-subjects factor of
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SAMPLE INTERVENING TASKS

Temporal Spatial, Constant Temporal Spatial, and 1234 Experiments

Subject Sees: 2 2 2 2

6 6 6 6

8 8 8 8

Subject Says: '2' , '6' , '8 '

Pattern Interference I Experiment

Subject Sees: 2

6

8

Digit Name Condition

Subject Says: '2' , '6', '8'

Digit Position Condition

Subject Says: 'l '
, '3' , '2 '

Pattern Interference II Experiment

Zero Position Condition

Subject Sees: 0

0

0

Subject Says: '1 '
, '3' , '2'

Successor Name Condition

Subject Sees: 2

6

8

Subject Says: '3' , '7' , '9 '

Figure 37. Sample intervening tasks for Temporal Spatial, Constant Tem­

poral Spatial, 1234, Pattern Interference I, and Pattern Interference II

Experiments. In each example, three different views of the display screen

are shown in the order seen by the subject. The .'s represent blank cells.
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Pattern Interference I and IT Experiments

1.00 (spatial order recall)

-

u 0.80
Q)
'-
'-

o
u

c
o

0.60

>��t:on
Digit position

-

'-

o
0..
o
'-

o,
0.4 0

o
2 4 6 8

Retention interval In seconds

Figure 38. Time course of forgetting in terms of proportion of correct

responses at each of the three retention intervals in the Digit Name and

Digit Position Conditions of the Pattern Interference I Experiment and

the Zero Position and Successor Name Conditions of the Pattern Inter­

ference II Experiment.



150

retention interval. The ANOVA yielded an estimate of .04 for the stan­

dard error of the points on Figure 38 representing the data from the

present experiment. In accordance with the observations described above,
the ANOVA found the factor of condition significant (F = 13.18, p < .01,
df = 1,22) but not the interaction of condition and retention interval

(F = 1.10, p > .05, df = 2,44). Even though the time courses are rela­

tively flat in each condition, there is some decay across the retention

intervals. In fact, the ANOVA did find the factor of retention interval

to be significant (F = 18.08, p < .01, df = 2,44).

Confusion Errors In the Spatial Order Recall conditions of the pre­

ceding experiments, no evidence was found for acoustic coding. Therefore

no such evidence is expected in the present experiment. In order to

assess the evidence for acoustic coding, because of the constant temporal
order of the consonants, the confusion-set analysis was applied to the

data from the present experiment. The conditional proportions of con­

fusion-set errors given that an error was made on a letter from one of

the two acoustic confusion sets are presented on Figure 39. These con­

ditional proportions are compared for confusable and nonconfusable let­

ters and for the Digit Name and Digit Position Conditions. An ANOVA on

these data yielded .05 as the standard error of the means. Here, as ex­

pected, no significant difference is seen between confusion-set errors

on confusable and nonconfusable letters in either recall condition (F =

0.18, p > s05, df = 1,20). This finding is consonant with the hypothesis

that acoustic coding is not being used in the present experiment.

Serial Position Curves The serial position curves with the spatial

positions were found to be quite flat in the preceding Spatial Order Re­

call Situations. Similar flat curves were therefore expected in both

conditions of the present experiment. Serial position curves are shown

in Figure 40 for the Digit Name and Digit Position Conditions at each of

the three retention intervals. The serial positions used for the analy­

ses of these spatial order recall tasks are the spatial positions. As

in the earlier Spatial Order Recall Conditions, the curves are irregular

with a slight tendency toward a bow-shape in the Digit Name Condition



151

Pattern Interference I Experi ment

(spatial order recall)

Digit name

0.40

Confusable letters

/
o 0.20
�

�

Q)
letters

�

0 0
�
'-

Q)

-

Q)
en

I Digit position
c
0

Confusableen 0.40 letters
:J /
-

c
0
u \

a.. 0.20 Nonconfusable lette rs

2 4

Retention interval In seconds

Figure 39. Conditional proportions of confusion-set errors given that an

error was made at each of the three retention intervals for letters from

the paired context strings (confusable letters) and letters from the all­

different context strings (nonconfusable letters) in the Digit Name and

Digit Position Conditions of the Pattern Interference I Experiment. Solid

circles stand for nonconfusable letters; unfilled circles stand for con­

fusable letters.
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Pattern Interference I

Digit name Digit position

3 digits

...___-...-�.�-...-

18 digits

0.50 .�• •

18 dig its

01: 1:
2 3 4 2 3 4

Spatial positions

Figure 40. Serial position functions in terms of proportions of correct

responses at each of the three retention intervals in the Digit Name and

Digit Position Conditions of the Pattern Interference I Experiment. The

serial positions represented are the spatial positions.
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and at the shortest retention interval in the Digit Position Condition.

An ANOVA yielded an estimate of .02 for the standard error of the points
on Figure 40. The ANOVA did find the factor of serial position to be

marginally significant (F = 4.30, 005 < p < .10, df = 3,66) but found no

significant interaction of the factors condition and serial position

(F = 1.23, p > .05, df = 3,66).

Although previous Spatial Order Recall Conditions revealed rather

flat serial position curves when the spatial positions were considered,
the temporal positions did seem to influence the proportion of correct

responses. The serial position curves for the Digit Name and Digit Po­

sition Conditions are shown in Figure 41 plotted as a function of tem­

poral position in each case. As in the earlier Spatial Order Recall

Conditions, in general the curves are bow-shaped and asymmetrical with

a loss of recencYe However, at the middle retention interval of the

Digit Name Condition and the shortest and longest retention intervals of

the Digit Position Condition, the bow-shape, but not the asymmetry, is

lost because of an increased decrement in proportion correct at the last

serial position. An ANOVA computed on these data yielded .02 as the

standard error of the points in Figure 41. The ANOVA revealed that the

serial position factor was significant (F = 18.48, p < .01, df = 3,66)
but not the interaction of the serial position factor and the Digit Name

vs. Digit Position factor (F = 1021, p > .05, df = 3,66).

Distance Functions The distance functions at each of the three re­

tention intervals are presented in Figures 42 and 43 for the Digit Name

and Digit Position Conditions, respectively. In each case, the serial

positions considered are the spatial positions. Here, as with the serial

position curves with the spatial positions and as in the earlier Spatial

Order Recall Conditions, the functions are irregular and quite flat.

The curves reflect a tendency toward an equal probability of putting an

item from a given serial position into anyone of the other serial

positions.

On the other hand, as in the earlier Spatial Order Recall Conditions,

a somewhat more regular picture is observed when the temporal serial
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Pattern Interference I

Digit nome Digit position

0.80 "'- 3 digits

0.60 �
3 dig it s

0)- 1:

0.90

- 8 digitsu
CLJ
....
.... 0.70
0
u

c:
0

- 0.50 �....

0
a.
0 8 dig its
....

(L.

0)- .,..

0.90

18 digits

0.70

0.50

18 digits

o )-..._�_ _.__..._____. 'l-..._ _.___.....__.......____,

23423 4

Temporal positions

Figure 41. Serial position functions in terms of proportions of correct

responses at each of the three retention intervals in the Digit Name and

Digit Position Conditions of the Pattern Interference I Experiment. The

serial positions represented are the temporal positions.
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Digit Name Condition

3 digits
1.00

0.60

0.20

(/)
Q) 8 digits(/) 1.00
c
0
0-
(/)
Q)
'-

- ·0.60
0

c
0
-
'- 0.200
C-
o
�

0-

1.00
18 digits

0.60

0.20

1234 1234

Spotial positions

Pattern interference I

I 2 3 42 3 4

Figure 420 Distance functions for the Digit Name Condition of the Pattern

Interference I Experiment. The serial positions represented are the spa­

tial positions. The point plotted for position i of any panel represents

the proportion of instances in which the response occurring in the posi­

tion marked C on the subject's answer card was the letter appearing at

position i of the string on the given trial.
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Digit Position Condition
3 digits

1.00

0.60

l f\ J0.20 }\
c c

(/)
8 digitsQ)

(/) 1.00
c:
0
a.
(/)
Q)
'-

- 0.60
0

c:

.. I\_ f J0
-

'-
0.200

a. c c c0
'-

0..

1.00
18 di g i ts

0.60

0.20

234 234 234

Spatial positions
Pattern interference I

234

Figure 43. Distance functions for the Digit Position Condition of the

Pattern Interference I Experiment. The serial positions represented are

the spatial positions. The point plotted for position i of any panel re­

presents the proportion of instances in which the response occurring in

the position marked C on the subject's answer card was the letter appear­

ing at position i of the string on the given trial.
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positions are considered (see Figures 44 and 45 for the Digit Name and

Digit Position Conditions, respectively). In fact, the picture here is

strictly similar to that observed in each of the earlier Spatial Order

Recall Conditions.

Pattern Analysis Distance functions with the spatial positions are

shown for each of the 24 patterns in Tables XXI and XXII for the Digit
Name and Digit Position Conditions, respectively_ The picture in each

case is similar to that observed in the earlier Spatial Order Recall

Conditions. Not only do the patterns differ in their overall probability

correct, but also, for the most part the patterns show the same charac­

teristic distance functions as observed in the earlier Spatial Order Re­

call Conditions.

Correlation coefficients were computed using the proportion of cor­

rect responses made on each of the 24 patterns in order to compare the

various Spatial Order Recall Conditions in terms of their pattern analyses.
Correlation coefficients were .57 between the Digit Name and Digit Posi­

tion Conditions, .62 between the Digit Name Condition and the Spatial Or­

der Recall Condition of the Constant Temporal Spatial Experiment, .66 be­

tween the Digit Name Condition and the Spatial Order Recall Condition of

the 1234 Experiment, .59 between the Digit Position Condition and the

Spatial Order Recall Condition of the Constant Temporal Spatial Experi­

ment, and .63 between the Digit Position Condition and the Spatial Order

Recall Condition of the 1234 Experiment. These correlation coefficients

are all significant at the .01 level. This consistency in the effect of

pattern on probability correct seems to indicate that the subjects are

specifically paying attention to these temporal spatial patterns.

Pattern Interference II

The hypothesis put forth earlier that the intervening task must in­

volve similar processes as the recall task in order to be effective is

supported by the marked difference in performance between the Digit

Name and Digit Position Conditions of the preceding experiment. The

task demands in the two conditions were similar except that in the Digit
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Digit Name Condition

3 digits
1.00

0.60

0.20

(/)
8 digitsQ)

(/) 1.00
c
0
a.
(/)
Q)
'-

- 0.60
0

c
0
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'- 0.20
0
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0
'-

o,

1.00
18 digits

0.60

0.20

2 3 4234 1234 1234

Temporal positions

Pattern interference I

Figure 44. Distance functions for the Digit Name Condition of the Pattern

Interference I Experiment. The serial positions represented are the tem­

poral positions. The point plotted for position i of any panel represents

the proportion of instances in which the letter that was shown in the

temporal position marked C was replaced in the subject's protocol by the

letter that was shown in temporal position i on the given trial.
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Digit Position Condition

3 digits
1.00

0.60

IL0.20 � )c

(f)
8 digitsOJ

(f) 1.00
c
0
a.
(f)
OJ
'-

- 0.60
0

\_c

A .J\ )0

-

'- 0.20
0
a. c
0
'-

a.

1.00
18digits

0.60

0.20

I 2 3 4 I 234 I 2 3 4 234

Temporal positions
Pattern interference I

Figure 45. Distance functions for the Digit Position Condition of the

Pattern Interference I Experiment. The serial positions represented are

the temporal positions. The point plotted for position i of any panel re­

presents the proportion of instances in which the letter that was shown

in the temporal position marked C was replaced in the subject's protocol

by the letter that was shown in temporal position i on the given trial.
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Table XXI

Spatial Distance Functions for Digit Name Condition of

Pattern Interference I Experiment

Pattern
Distance Function (Response Position, Stimulus Position)

No. 1,1 1,2 .!.d 1,4 b1. 2,2 bl 2,4 .h!. 3,2 .hl 3,4 .� 4,2 � �
1 36 0 0 0 0 35 1 0 0 1 35 0 0 0 0 36

2 27 8 1 0 8 27 1 0 0 0 26 10 1 1 8 26

3 29 7 0 0 1 24 8 3 2 5 26 3 4 0 2 30

4 24 0 2 10 4 28 2 2 1 8 27 0 7 0 5 24

5 27 3 1 5 5 22 6 3 0 7 27 2 4 4 2 26

6 30 3 0 3 0 22 12 2 6 8 21 1 0 3 3 30

7 35 0 0 1 1 34 0 1 0 0 34 2 0 2 1 33

8 25 1 5 5 2 29 3 2 4 5 21 6 5 1 7 23

9 35 0 1 0 0 28 2 6 1 4 30 1 0 4 3 29

10 17 15 1 3 14 21 0 1 0 0 33 3 5 0 2 29

11 24 2 5 5 3 29 2 2 4 5 25 2 5 0 4 27

12 31 3 2 0 4 29 3 0 1 3 23 9 0 1 8 27

13 32 3 0 1 3 32 1 0 0 1 31 4 1 0 4 31

14 27 1 2 6 2 33 1 0 4 2 27 3 3 0 6 27

15 25 2 7 2 3 21 9 3 3 10 19 4 5 3 1 27

16 26 2 0 8 5 27 3 1 1 2 33 0 4 5 0 27

17 31 3 2 0 2 32 2 0 3 1 30 2 0 0 2 34

18 31 3 1 1 3 27 5 1 1 4 26 5 1 2 4 29

19 27 3 2 4 1 26 2 7 3 0 32 1 5 7 0 24

20 21 6 7 2 6 24 5 1 5 4 21 6 4 2 3 27

21 30 1 1 4 5 15 1 15 0 9 22 5 1 11 12 12

22 23 0 10 3 1 32 2 1 7 4 23 2 5 0 1 30

23 26 7 2 1 2 18 7 9 2 5 26 3 6 6 1 23

24 29 4 3 0 2 25 6 3 4 2 23 7 1 5 4 26
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Table XXII

Spatial Distance Functions for Digit Position Condition of

Pattern Interference I Experiment

Pattern
Distance Function (Response Position, Stimulus Position)

No. 1,1 1,2 !d � b.!.. b1. b1. � 3,1.lz1.]_d 3,4 4,1 � 4,3 �
1 32 2 1 1 1 32 2 1 1 1 31 3 2 1 2 31

2 31 1 4 0 3 33 0 0 1 0 29 6 1 2 3 30

3 16 2 6 12 1 22 8 5 6 9 16 5 14 3 5 14

4 22 4 1 9 5 23 4 4 3 8 21 4 6 1 10 19

5 15 7 7 7 11 14 9 2 2 10 15 9 8 5 5 18

6 19 6 3 8 8 17 10 1 4 6 20 6 5 7 3 21

7 20 8 3 5 8 20 5 3 3 5 24 4 5 3 4 24

8 12 10 6 8 6 16 9 5 7 8 11 10 11 2 10 13

9 26 5 1 4 0 23 9 4 7 5 20 4 3 4 5 24

10 20 11 3 2 7 19 6 4 3 4 23 6 6 2 4 24

11 10 6 12 8 4 24 5 3 12 5 13 6 10 1 6 19

12 21 6 4 5 8 19 4 5 4 7 20 5 3 4 8 21

13 18 7 2 9 6 19 7 4 6 6 21 3 6 4 6 20

14 18 5 5 8 4 22 4 6 4 7 19 6 10 2 8 16

15 14 7 11 4 14 9 9 4 2 10 9 15 6 10 7 13

16 17 10 0 9 8 15 6 7 6 4 20 6 5 7 10 14

17 20 9 6 1 9 19 2 6 6 3 17 10 1 5 11 19

18 18 8 5 5 9 20 5 2 5 4 13 14 4 4 13 15

19 14 7 4 11 4 11 10 11 7 4 20 5 11 14 2 9

20 15 6 9 6 7 15 8 6 11 5 14 6 3 10 5 18

21 23 5 2 6, 7 14 2 13 5 7 18 6 1 10 14 11

22 22 1 11 2 4 19 6 7 7 13 16 0 3 3 3 27

23 9 12 9 6 7 12 10 7 10 3 14 9 10 9 3 14

24 15 8 10 3 6 13 9 8 9 5 9 13 6 10 8 12
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Position Condition the subjects were forced to process the spatial char­

acteristics of the intervening digits, whereas in the Digit Name Condi­

tion the subjects could ignore these spatial characteristics.

It could be argued, though, that the Digit Position Condition was

more difficult than the Digit Name Condition since it produced a con­

flict between what the subject said and what he saw. For example, as in

Figure 37, the subject may see the digit 2 but have to respond with the

digit 1. It may be then that difficulty per se, rather than similarity
to the recall task, was the essential cause of the difference between

the Digit Name and Digit Position Conditions.

The present experiment was designed to test this hypothesis. Like

the previous experiment it consisted of two spatial o�der recall condi­

tions, with a difference in the intervening tasks. The first condition

was designed to be less difficult than the Digit Position Condition but

to impose the same spatial processing demands. Here the subjects' task

was identical to that in the Digit Position Condition; however, instead

of digits only zeros appeared in the Bina-view cells. The second condi­

tion was designed to be at least as difficult as the Digit Position Con­

dition without the spatial processing demands. Here the items shown to

the subjects were identical to those shown to subjects in the previous

experiments, but the subjects' task was different. The subjects were to

name aloud the successor of each digit that appeared. If difficulty were

the essential determiner of intervening task effectiveness, then the

Successor Name Condition should cause more forgetting; yet if similarity

of processing demands were the important factor then the Zero Position

Condition should prove to be more effective.

Method

Subjects Twenty-four male and female young adults served as sub­

jects in the present experiment. There were two conditions in this ex­

periment with twelve subjects in each condition. No subject had previ­

ously participated in a short-term memory experiment at Rockefeller.

Subjects were recruited in the same manner as in the previous experiments
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and were paid at the rate of $2.50 per hour.

Apparatus The same apparatus was employed in the present experiment
as had been employed in the previous experiments.

Materials Four experimental and one practice paper tape employed
were identical to those employed in Pattern Interference I. These tapes

were all used for one of the conditions of the present experiment, Suc­

cessor Name Condition. In addition, four new experimental and one new

practice tape were constructed for the other condition of the present ex­

periment, Zero Position Condition. These new tapes were identical to

the tapes from Pattern Interference I with one exception involving the

intervening digits. Wherever a digit appeared on the Pattern Interfer­

ence I tapes, it was replaced by a zero on the new tapes. Thus, like

the digits in Pattern Interference I, each zero was displayed in only

one of the four cells of the screen, while the other three cells were

left blank. The cell location where each zero appeared varied from item

to item; the location was quasi-random and was determined with the aid

of a table of random numbers. The one constraint imposed was that no

two successive zeros appeared in the same cell location.

Procedure Each subject was tested individually in an hour-long ses­

sion. The 24 subjects were assigned to the eight experimental tapes ac­

cording to their time of arrival for testing. Each of the eight tapes

was shown to three subjectse Each session was begun with the experimen­

ter's reading the instructions to the subject and then conducting the

six practice trials from the appropriate practice tape.

The testing sessions of the present experiment were conducted in

the same manner as in the previous experiments.

The instructions read to subjects in the Successor Name Condition

of the present experiment were identical to those read to subjects in the

Digit Name Condition of Pattern Interference I except that the subjects

were not instructed to read each digit aloud; rather they were instructed

to say aloud the successor of each digit that appeared. For instance,

they were told that if they saw the digit "three," they should say "four,"
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and if they saw "six:J" they should say "seven." The instructions read

to subjects in the Zero Position Condition of the present experiment
were identical to those in the Digit Position Condition of Pattern In­

terference I except that subjects were not told that digits would be

shown; instead they were told that zeros would be shown after the con­

sonants. As in the Digit Position Condition, they were told to say a­

loud the cell number where each intervening item appeared. Thus, if a

zero appea�ed in the cell closest to the left, the subject was to say

"one" as it appeared; if a zero appeared in the cell second from the

left, he was to say "two" as it appeared; if a zero appeared in the cell

third from the left, he was to say "three" as it appeared; and if a zero

appeared in the cell closest to the right, he was to say "four" as it

appeared. (See Appendix C for the exact instructions-read to the sub­

jects and Figure 37 for sample intervening tasks in the two conditions.)

Results and Discussion

Time Course of Forgetting The time course of forgetting is shown

in Figure 38 for the two conditions of the present experiment as well as

for the Digit Name and Digit Position Conditions of the preceding experi­

ment. The retention curves for the Digit Name, Digit Position, Zero Po­

sition, and Successor Name Conditions are strikingly similar and relative­

ly flat in each case. At each of the three retention intervals the Suc­

cessor Name Condition falls midway between the Digit Name and Digit Po­

sition Conditions of the earlier experiments. On the other hand, com­

parison of the Zero Position and Digit Position Conditions reveals no

significant difference even at the middle retention interval where the

difference seems largest (t = 0.51, p > .05; t = 1.57, p > .05; t = 0.08,

p > .05 at 3, 8, and 18 digits respectively with df = 22 and a two-

tailed test in each case). An ANOVA yielded an estimate of .04 for the

standard error of the points on Figure 38 representing the data from the

present experiment. In accordance with the observations described above,

the ANOVA found the factor of conditions (Zero Position vs. Successor

Name) significant (F = 4.68, p < .05, df = 1,22) as well as the factor

of retention interval (F = 8.77, p < .01, df = 2,44); however the inter-
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action of these two factors was not significant (F = 1.71, p > .05, df =

2,44).

The argument that difficulty per se was the essential cause of the

difference between the Digit Name and Digit Position Conditions was not

supported since the Zero Position Condition, less difficult than the

Digit Position Condition because the conflict between what the subject
said and what he saw was removed, was nevertheless just as effective in

reducing recall, presumably because it was just as effective in forcing
the subject to process the spatial characteristics of the items. Diffi­

culty, however, was not ruled out entirely as a partial determiner of

intervening task effectiveness since the Successor Name Condition, which

involved a difficult task but no spatial processing demands, did prove

to be more disruptive than the Digit Name Condition.

Confusion Errors The conditional proportions of confusion�set er­

rors given that an error was made on a letter from one of the two acous­

tic confusion sets in the present experiment are shown on Figure 46.

These conditional proportions are compared for confusable and nonconfus­

able letters in the Zero Position and Successor Name Conditions. An

ANOVA yielded an estimate of .04 for the standard error of the means.

No difference is seen between confusion-set errors on confusable and non­

confusable letters in either condition. The ANOVA did not find the fac­

tor of context to be significant (F = 0.27, p > .05, df = 1,20)e Thus,

here, as in the earlier spatial order recall conditions, there is no evi­

dence for acoustic coding.

Serial Position Curves Serial position curves are shown in Figure

47 for the Zero Position and Successor Name Conditions at each of the

three retention intervals. The serial positions used for the analyses

of these spatial order recall tasks are the spatial positions. As in

the earlier Spatial Order Recall Conditions, the curves are only slightly

bowed. An ANOVA performed on these data yielded .02 as the standard er­

ror of the points on Figure 47. As in the previous experiment, the ANOVA

did find the factor of serial position to be significant (F = 11.48, p <

.01, df = 3,66) but not the interaction of serial position and condition
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Figure 46. Conditional proportions of confusion-set errors given that

an error was made at each of the three retention intervals for letters

from the paired context strings (confusable letters) and letters from the

all-different context strings (nonconfusable letters) in the Zero Posi­

tion and Successor Name Conditions of the Pattern Interference II Experi­

ment. Solid circles stand for nonconfusable letters; unfilled circles

stand for confusable letters.
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Figure 47. Serial position functions in terms of proportions of correct

responses at each of the three retention intervals in the Zero Position

and Successor Name Conditions of the Pattern Interference II Experiment.

The serial positions represented are the spatial positions.
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(F = 0.54, p > .05, df = 3,66).

Although spatial position does influence proportion correct to some

extent, temporal position seems to be even more influential. The serial

position curves are presented in Figure 48 for the Zero Position and Suc­

cessor Name Conditions plotted as a function of temporal position.
As in the earlier Spatial Order Recall Conditions, the curves are bow­

shaped and asymmetrical with a loss of recency. An ANOVA computed on

these data yielded .02 as the standard error of the points on Figure 48.

The ANOVA revealed that the serial position factor was significant (F =

19.87, p < .01, df = 3,66) but not the interaction of the serial posi­
tion factor and the Zero Position vs. Successor Name factor (F = 0.01,

p > .05, df = 3,66).

Distance Functions The distance functions at each of the three re­

tention intervals are presented in Figures 49 and 50 for the Zero Posi­

tion and Successor Name Conditions, respectively. In each case the seri­

al positions considered are the spatial positions. Little regularity

is seen here as was the case for the other Spatial Order Recall Condi­

tions. On the other hand, also as in the previous Spatial Order Recall

Conditions, a more regular picture is found when the temporal positions

are considered. The distance functions for the Zero Position and Suc­

cessor Name Conditions are presented in Figures 51 and 52 plotted as a

function of temporal position. The pattern of results here is quite sim­

ilar to that seen in the previous spatial order recall conditions.

Pattern Analysis Distance functions with the spatial positions are

shown for each of the 24 patterns in Tables XXIII and XXIV for the Zero

Position and Successor Name Conditions respectively. The picture in each

case is similar to that observed in the earlier Spatial Order Recall tasks.

Not only do the patterns differ in their overall probability correct, but

also, for the most part, the patterns show the same characteristic dis­

tance functions observed in the earlier spatial order recall tasks.

Correlation coefficients were computed using the proportion correct

at each of the 24 patterns in order to compare the various spatial order
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Pattern Interference n

Zero position

3 digits

8 digits

18 digits

0.60 f
o "t.._----.&_-L.-�___,

o 1'" __._____.__

234

Te mporal positions

Successor name

3 digits

8 digits

18 digits

234

Figure 48. Serial position functions in terms of proportions of correct

responses at each of the three retention intervals in the Zero Position

and Successor Name Conditions of the Pattern Interference II Experiment.

The serial positions represented are the temporal positions.
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Zero Position Condition
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Figure 49. Distance functions for the Zero Position Condition of the

Pattern Interference II Experiment. The serial positions represented are

the spatial positions. The point plotted for position i of any panel re­

presents the proportion of instances in which the response occurring in

the position marked C on the subject's answer card was the letter appear­

ing at position i of the string on the given trial.
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Successor Name Condition
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Figure 50. Distance functions for the Successor Name Condition of the

Pattern Interference II Experiment. The serial positions represented are

the spatial positions. The point plotted for position i of any panel re­

presents the proportion of instances in which the response occurring in

the position marked C on the subject's answer card was the letter appear­

ing at position i of the string on the given trial.
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Figure 51. Distance functions for the Zero Position Condition of the

Pattern Interference II Experiment. The serial positions represented are

the temporal positions. The point plotted for position i of any panel re­

presents the proportion of instances in which the letter that was shown in

the temporal position marked C was replaced in the subject's protocol by

the letter that was shown in temporal position i on the given trial.
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Figure 52. Distance functions for the Successor Name Condition of the

Pattern Interference II Experiment. The serial positions represented are

the temporal positions. The point plotted for position i of any panel re­

presents the proportion of instances in which the letter that was shown

in the temporal position marked C was replaced in the subject's protocol

by the letter that was shown in temporal position i on the given trial.
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Spatial Distance Functions for Zero Position Condition of

Pattern Interference II Experiment

P __--=D�i:.:::s=ta::.:n:.::c:.=:e�F::...:u==n.=.::c=_=t..::.io;;;..;n�(..::.:R;.;::.es::::...lpo....:o=_=n;:,.::.s..:;;,.e....:P:_:o:....::s,.;::i...::,_tl..:::...;·o:..::n�,__;;_St.;:_im____;_u_..;;.lu_s_P_O_Sl.._·t_i_o_n�)__attern

No. 1,1 1,2 1,3 1,4 2,1 2,2 2,3 2,4 3,1 3,2 3,3 3,4 4,1 4,2 4,3 4,4

1 32 1 1 2 1 31 4 0 1 4 30 1 2 0 1 33

2 28 4 4 0 4 26 3 3 2 3 27 4 2 3 2 29

3 18 8 5 5 4 19 6 7 6 4 19 7 8 5 6 17

4 28 3' 0 5 1 29 4 2 4 3 25 4 3 1 7 25

5 18 7 2 9 8 9 16 3 4 16 14 2 6 4 4 22

6 17 10 5 4 9 15 8 4 4 9 15 8 6 2 8 20

7 28 6 0 2 1 27 5 3 2 1 28 5 5 2 3 26

8 15 2 9 10 7 21 3 5 3 13 13 7 11 0 11 14

9 21 6 3 6 5 19 7 5 8 7 17 4 2 4 9 21

10 19 10 2 5 8 10 10 8 3 7 21 5 6 9 3 18

11 17 5 9 5 2 28 5 1 9 2 18 7 8 1 4 23

12 23 8 5 0 7 21 5 3 4 3 14 15 2 4 12 18

13 25 4 4 3 5 19 8 4 4 6 20 6 2 7 4 23

14 18 3 8 7 4 26 2 4 7' 6 17 6 7 1 9 19

15 18 8 9 1 11 8 12 5 6 12 8 10 1 8 7 20

16 12 9 3 12 10 13 9 4 1 9 20 6 13 5 4 14

17 22 7 5 2 11 17 1 7 3 5 23 5 0 7 7 22

18 20 4 4 8 6 25 2 3 6 5 20 5 4 2 10 20

19

20

21

22

23

24

16 10 3 7

17 6 13 0

17 5 6 8

'22 2 8 4

17 9 6 4

11 16 7 2

4 12 9 11 7 3 23 3

5 17 8 6 10 6 11 9

11 10 4 11 7 7 18 4

6 21 3 6 5 9 16 6

4 15 11 6 6 4 18 8

8 12 12 4 10 3 9 14

9 II 1 15

4 7 4 21

1 14

3 4

9 8

7 6

8 13

9 20

1 18

8 15
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Table XXIV

Spatial Distance Functions for Successor Name Condition of

Pattern Interference II Experiment

Pattern
Distance Function (Response Position, Stimulus Position)

No. 1,1 1,2 bl_ 1,4 b.l b1. 2,3 � .h!. 3,2 ld � 4,1 id id 4,4

1 36 0 0 0 0 36 0 0 0 0 36 0 0 0 0 36

2 35 1 0 0 1 34 1 0 0 0 34 2 0 1 1 34

3 24 3 4 5 3 25 6 2 2 6 22 6 7 2 4 23

4 29 3 0 4 1 30 3 2 0 3 30 3 6 0 3 27

5 25 2 1 8 1 '17 17 1 2 15 17 2 8 2 1 25

6 24 3 4 5 4 15 14 3 5 10 13 8 3 8 5 20

7 27 5 1 3 4 26 3 3 2 2 27 5 3 3 5 25

8 16 3 5 12 2 22 7 5 8 7 11 10 10 4 13 9

9 34 0 2 0 1 30 2 3 1 4 30 1 0 2 2 32

10 14 22 0 0 18 8 5 5 3 3 24 6 1 3 7 25

11 9 6 15 6 7 24 3 2 13 6 9 8 7 0 9 20

12 24 6 6 0 8 26 1 1 2 3 19 12 2 1 10 23

13 29 0 2 5 1 30 4 1 1 2 29 4 5 4 1 26

14 28 1 2 5 5 30 1 0 0 4 28 4 3 1 5 27

15 22· 4 9 1 5 19 11 1 5 12 11 8 4 1 5 26

16 20 7 0 9 7 18 3 8 1 5 28 2 8 6 5 17

17 29 3 4 0 2 31 1 2 5 0 28 3 0 2 3 31

18 20 2 7 7 6 23 3 4 4 10 16 6 6 1 10 19

19 22 6 3 5 4 13 6 13 3 4 24 5 7 13 3 13

20 25 4 7 0 3 27 4 2 6 3 20 7 2 2 5 27

21 25 3 2 6 7 12 5 12 3 11 21 1 1 10 8 17

22 19 1 10 6 5 16 3 12 6 14 13 3 6 5 10 15

23 15 12 6 3 7 17 10 2 9 2 19 6 5 5 1 25

24 20 7 7 2 7 14 10 5 4 6 16 10 5 9 3 19
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recall tasks in terms of their pattern analyses. Correlation coeffi­

cients were .72 between the Zero Position and the Successor Name Condi­

tions of the present experiment, .67, .82, .65, and .65 between the Zero

Position and the Digit Name, Digit Position, Spatial Order Recall Condi­

tion of the Constant Temporal Spatial Experiment, and Spatial Order Re­

call Condition of the 1234 Experiment, respectively. Furthermore, cor­

relation coefficients were found of .61, .74, .76, and .77 between the

Successor Name and the Digit Name, Digit Position, Spatial Order Recall

Condition of the Constant Temporal Spatial Experiment, and Spatial Or­

der Recall Condition of the 1234 Experiment, respectively. In each case

the coefficients are significant at the .01 level. Again, there is con­

siderable consistency across conditions in the effect of temporal spa­

tial patterns on probability correct which supports the notion that in

spatial order recall the basic memory unit is the temporal spatial

pattern.
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V. A MODEL FOR SPATIAL ORDER RECALL

The data from the Temporal Order Recall Condition of the Constant

Temporal Spatial Experiment are very similar to those from the Order

Only Experiment. The time courses of forgetting in the two conditions

are remarkably close; the serial position and distance functions are

similar in the two cases; and in both cases the confusion error analyses
give evidence for use of acoustic information at the short retention in­

tervals. Therefore, it is reasonable to assume that the two models pro­

posed to handle the data from the Item + Order Experiment could also ac­

count for the data of the Temporal Order Recall Condition of the Constant

Temporal Spatial Experiment since these models were able to fit the simi­

lar data from the Order Only Experiment.

On the other hand, clearly the two models could not account for the

data from the various Spatial Order Recall Conditions. For these con­

ditions there was no evidence of acoustic coding even at the shortest re­

tention interval. The time course of forgetting in these cases was con­

siderably flatter than in the temporal order cases even in the Digit
Position and Zero Position Conditions which involved intervening tasks

that effectively disrupted recall. Furthermore, in the spatial order

recall conditions the serial position curves for temporal positions were

asymmetrical, with a much greater primacy effect than in the temporal

order recall situations. In addition, the distance functions for spatial

order recall with the temporal positions showed a much larger frequency
of interchanges of items from temporal positions 3 and 4 than had been

shown in the temporal order cases. Moreover, evidence was found suppor­

ting the notion that subjects in the spatial order recall conditions

were attending to the temporal spatial pattern of consonant presentations.

This notion is clearly incompatible with the assumption included in the

two models that information about each consonant is independently repre­

sented in memory.

Description of the Spatial Order Model

A new model was therefore developed to account for the data from

the spatial order recall situations. This model is very similar in form
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to the earlier models. The main difference between the present model

and the earlier models is that, whereas the temporal order models include

the assumptions that each of the four consonants has a separate and in­

dependent representation in memory and that acoustic information is coded

about the consonants, quite a different assumption is included in the

spatial order model. Here it is assumed that the basic memory unit is

the temporal spatial pattern of consonant presentations. In the spatial
order model it is assumed not that the pattern as a whole is represented
but rather three items of information referring to aspects of the pattern.

Together these three items are sufficient to specify exactly anyone of

the 24 patterns.

The first item of information assumed to be coded about each pat­

tern is the spatial location of the first consonant in the temporal se­

quence. One source of evidence that subjects make use of this type of

information is the large primacy portion of the serial position curve

when the temporal positions are considered. The second type of infor­

mation is the "pattern class name": there are "alternating" (A) pat­

terns (�._g_., 1117), "inside/outside" (I) patterns (e._g_., /ll3), "paired"

(P) patterns (�._g_., 117), and "straight across"· (8) patterns (�.£., Ill).

Evidence for making use of such classes is found in the specific errors

made on a given pattern. Often the response for a given pattern was

another pattern with the same pattern class name. The last item of in­

formation is the spatial order of the last two consonants. MOre spe­

cifically, the subject seems to code whether the last two consonants ap­

peared in the usual left-to-right spatial sequence or in the reverse

order. The evidence for such coding comes from the distance functions

by pattern analyses. These analyses reveal a substantial frequency of

cases in which the subject correctly identified the pattern except for

an interchange of the last two items, especially when these last two

items were presented from right-to-left spatially.

The spatial order model differs from the temporal order models in

one other respect. The temporal models include only one memory store,

and information that enters that memory store is lost with a certain



179

probability as each digit intervenes. The steep time courses of forget­

ting in temporal order recall are consonant with this conception. How­

ever, the time courses of forgetting in the spatial order case are much

flatter; the curves seem to reach an asymptote so that increasing the

number of intervening digits does not produce a corresponding decrease

in recall. On the basis of this observation it seemed reasonable to

postulate two memory stores for the spatial order case. One memory

store (STS), like that postulated in the earlier models, is temporary

since information is lost from that store with a given probability at

each successive instant in time or digit presentation. The other memory

store (LTS) is more permanent. In fact, for simplicity, since the time

intervals considered in this situation are so short, it is assumed that

information entering this second memory store is never lost. It is fur­

ther assumed that all information enters STS, but that not all informa­

tion enters LTS. Information in STS enters LTS with a given probability
at each successive instant in time, or each successive digit presenta­

tion. This dual storage conception is similar to those of Atkinson and

Shiffrin (1968) and Waugh and Norman (1965).

Otherwise, the spatial order model is quite similar to the temporal

order models. Just as in the temporal order models, in the spatial or­

der model the subject's memory is described in terms of a small number

of states which are defined in terms of the particular type of informa­

tion held in memory. There are 8 STS states (lS-8S) in the present mo­

del which are defined in terms of the particular type of information

held in STS, and there are 8 corresponding LTS states (lL-8L) which are

defined in terms of the particular type of information held in LTS. The

content of STS or LTS for each of these memory states is as follows:

States IS and lL: All information about pattern

States 2S and 2L: Location of first item and pattern class name

States 3S and 3L: Location of first item and order of last �o

items

States 4S and 4L: Location of first item

States 5S and 5L: Pattern class n�e and order of last two items

States 6S and 6L: Pattern class n�e
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States 7S and 7L: Order of last two items

States 8S and 8L: No information about pattern.

It is assumed that immediately following the presentation of a pat­

tern its representation in the subject's memory starts off in state Sl

and then, during successive instants in time or successive digit pre­

sentations, there may be a transition to one of the other seven STS

states or a transfer to one of the eight LTS states. (Note that this as­

sumption, which is similar to that made in the temporal order models, is

neutral with respect to the controversy of whether forgetting is due to

a mere decay with time or to interference during the retention interval.)
The probabilities for such information transfers are not known in ad­

vance but, as in the temporal order models, are rather left as free para­

meters in the model, their values being assumed to depend on character­

istics of the individual and the material.

There are four free parameters in the spatial order model, three

parameters representing the probabilities of information losses from STS

and one parameter representing the probability of information transfer

from STS to LTS. The four parameters are as follows:

A is the probability of loss of information from STS about the lo­

cation of the first item.

B is the probability of loss of information from STS about the pat­

tern class name.

C is the probability of loss of information from STS about the order

of the last two items.

U is the probability of transferring all information in STS to LTS.

As each digit occurs during the retention interval, each of these

information transfers takes place with the given probability. It is as­

sumed that at each digit presentation first the three parameters denoting

loss of information from STS apply, and then the parameter 4enoting

transfer of information from STS to LTS applies.

The probabilities for transitions between the various STS states are

the cell entries of transition matrix D shown on Figure 53. The rows of



181

A'B'C' A'B'C A'BC' A'BC AB'C' AB'C ABC' ABC

0 A'B' 0 A'B 0 AB' 0 AB

0 0 A'C' A'C 0 0 AC' AC

D =
0 0 0 A' 0 0 0 A

0 0 0 0 B'C' B'C BC' BC

0 0 0 0 0 B' 0 B

0 0 0 0 0 0 C' C

0 0 0 0 0 0 0 1

A' = I-A B' = l-B C' = l-C

Figure 53. Transition matri� for Spatial Order Recall Model representing

information losses from short-term store. The rows and columns of this

matrix correspond to memory states Sl to S8.
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this matrix represent the STS state of the subject's memory for a pattern

before a given digit has been presented, and the columns represent the

STS state of a subject's memory after the digit presentation. This tran­

sition matrix applies once at the presentation of each intervening digit.

In addition, in each case immediately after the matrix D has been applied,
another transition matrix E applies which determines whether the infor­

mation in STS will be transferred to the more permanent LTS. Matrix E

is shown in Figure 54. Note that both the rows and the columns of this

matrix are numbered from Sl to S8 and then from Ll to L8. Furthermore,

since information about each pattern is assumed to start off in state Sl,

the initial vector is also numbered from Sl to S8 and then from Ll to

L8. There is a 1 in the first row of this vector, the row representing

state Sl, and there are O's in the other 15 rows.

Multiplication of the initial vector by appropriate powers of the

two transition matrices yields the following expressions for the proba­

bilities of being in the various states after n digits:

P (Sl) = (l_A)n(l_B)n(l_C)n(l_U)n
n

P (82)
n n n n

= (I-A) (I-B) [l-(I-C) ](I-U)
n

P (S3)
n n n n

= (I-A) [1-(I-B) ](I-C) (I-U)
n

P (84)
n n n n

= (I-A) [1-(I-B) ][l-(l-C) ](I-U)
n

P (85)
n n n n

= [1-(I-A) ](I-B) (I-C) (I-U)
n

n n n n
P (86) = [1-(I-A) ](I-B) [1-(I-C) ](I-U)
n

n n n n
P (87) = [1-(I-A) ][I-(l-B) ](I-C) (l-U)
n

n n n n
P (88) = [1-(I-A) ][I-(I-B) ][I-(I-C) ](I-U)
n

P (Ll) = � (I_A)i(I_B)i(l_C)�(I_U)i-l
n

i=1
n
iii i-I

P (L2) = L (I-A) (I-B) [1-(I-C) ]U(I-U)
n

i=l
n . .

L. i 1
P (L3) = L (l-A)l[I-(l-B)l](l-C) u(l-U)

-

n
i=l
n . . . i 1

P (L4) = L (l-A)l[I-(l-B)l][l-(l-C)l]U(I-U)
-

n
i=1
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Sl S2 S3 S4 S5 S6 S7 S8 L1 L2 L3 L4 L5 L6 L7 L8

Sl 1-U . 0 0 0 0 0 0 0 U 0 0 0 0 0 0 0

S2 0 1-U 0 0 0 0 0 0 0 U 0 0 0 0 0 0

S3 0 0 1-U 0 0 0 0 0 0 0 U 0 0 0 0 0

S4 0 0 0 1-U 0 0 0 0 0 0 0 U 0 0 0 0

S5 0 0 0 0 1-U 0 0 0 0 0 0 0 U 0 0 0

S6 0 0 0 0 0 1-U 0 0 0 0 0 0 0 U 0 0

S7 0 0 0 0 0 0 1-U 0 0 0 0 0 0 0 U 0

E =
S8 0 0 0 0 0 0 0 1-U 0 0 0 0 0 0 0 U

L1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

L2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

L3 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

L4 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

L5 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

L6 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

L7 � 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

L8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Figure 54. Transition matrix for Spatial Order Recall Model representing

information transfers from short-term store to long-term store. The rows

and columns of this matrix co�respond to memory states Sl to S8 and L1 to

L8.



184

P (L6)
n

n

= E [l_(l_A)i](l-B)i(l-C)iU(l_U)i-l
i=l
n
iii i-I

= E [l-(l-A) ](l-B) [l-(l-C) ]U(l-U)
i=l
n

i i L_ i-I
= E [l-(l-A) ][l-(l-B) ](l-C) u(l-U)
i=l
n . . . .

1
= E [1-(1-A)1][l-(1-B)1][l-(1-C)1]U(1-U)1-
i=l

P (LS)
n

P (L7)
n

P (L8)
n

How a subject responds depends both on his state of knowledge and on

the specific pattern he is shown. The following labels, which stand for

the three types of pattern information, can be used to specify each pat­

tern exactly:
Location of first item -- 1,2,3,4
Pattern Class Name -- S,I,P,A

Reversal in usual left-to-right presentation of last two items -- R.

When each pattern is identified with these labels it is easy to de­

termine the various patterns that may characterize the subject's response

protocol given that he saw a particular stimulus pattern and that he is

in a particular memory state. This information is presented on Table XXV.

Table XXV reveals one peculiarity of the model. It is assumed that a

subject in States S2 or L2, that is one who knows the pattern class name

and location of the first item but not the reversal information, will not

realize that he does not have complete information and will therefore re­

spond with a pattern in which the last two items are not reversed but

are rather in the usual left-to-right order.

In order to compute the probability that a subject will generate a

particular type of response protocol given his state of knowledge and

given that he saw a particular stimulus pattern, it is assumed that all

the patterns shown on Table XXV that are determined to be possible re­

sponses have equal probabilities of being employed. Using this assump­

tion and the fact that every subject saw each of the 24 stimulus pat­

terns an equal number of times, it was possible to construct Tables XXVI

and XXVII where the conditional probabilities that the subject's responses
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Table XXVa

Response Pattern Numbers Corresponding to Each Stimulus

Pattern and State in Spatial Order Model

Stimulus
State

Pattern No. Label Sl & Ll S2 & L2 S3 & L3

1 IS 1 1 1 13 17

2 4SR 2 2 2 15 20

3 41 3 3 3 12 24

4 21R 4 14 4 8 22

5 31 5 5 5 7 23

6 l1R 6 13 6 9 21

7 3P 7 7 5 7 23

8 2PR 8 11 4 8 22

9 IPR 9 9 6 9 21

10 3PR 10 7 10 16 19

11 2P 11 11 11 14 18

12 4P 12 12 3 12 24

13 11 13 13 1 13 17

14 21 14 14 11 14 18

15 4IR 15 3 2 15 20

16 3IR 16 5 10 16 19

17 lA 17 17 1 13 17

18 2A 18 18 11 14 18

19 3AR 19 23 10 16 19

20 4AR 20 24 2 15 20

21 lAR 21 17 6 9 21

22 2AR 22 18 4 8 22

23 3A 23 23 5 7 23

24 4A 24 24 3 12 24
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Response Pattern Numbers Corresponding to Each Stimulus

Pattern and State in Spatial Order Model

Stimulus
Pattern No. S4 & L4

1 1 13 17 6 9 21

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

2 15 20 3 12 24

2 15 20 3 12 24

4 8 22 11 14 18

5 7 23 10 16 19

1 13 17 6 9 21

5 7 23 10 16 19

4 8 22 11 14 18

1 13 17 6 9 21

5 7 23 10 16 19

4 8 22 11 14 18

2 15 20 3 12 24

1 13 17 6 9 21

4 8 22 11 14 18

2 15 20 3 12 24
.

5 7 23 10 16 19

State

S5 & L5

112

2

3 5 13 14

4 6 15 16

3 5 13 14

4 6 15 16

7 11 12

8 9 10

8 9 10

8 9 10

7 11 12

7 11 12

3 5 13 14

3 5 13 14

4 6 15 16

4 6 15 16

S6 & L6

1 2

3 5 13 14 4 6 15 16

3 5 13 14 4 6 15 16

3 5 13 14 4 6 15 16

3 5 13 14 4 6 15 16

7 11 12 8 9 10

7 11 12 8 9 10

7 11 12 8 9 10

7 11 12 8 9 10

7 11 12 8 9 10

7 11 12 8 9 10

3 5 13 14 4 6 15 16

3 5 13 14 4 6 15 16

3 5 13 14 4 6 15 16

3 5 13 14 4 6 15 16

17 1 13 17 6 9 21 17 18 23 24 17 18 23 24 19 20 21 22

18 4 8 22 11 14 18 17 18 23 24 17 18 23 24 19 20 21 22

19 5 7 23 10 16 19 19 20 21 22 17 18 23 24 19 20 21 22

20 2 15 20 3 12 24 19 20 21 22 17 18 23 24 19 20 21 22

21 1 13 17 6 9 21 19 20 21 22 17 18 23 24 19 20 21 22

22 4 8 22 11 14 18 19 20 21 22 17 18 23 24 19 20 21 22

23 5 7 23 10 16 19 17 18 23 24 17 18 23 24 19 20 21 22

24 2 15 20 3 12 24 17 18 23 24 17 18 23 24 19 20 21 22
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Table XXVc

Response Pattern Numbers Corresponding to Each Stimulus

Pattern and State in Spatial Order Model

Stimulus State

Pattern No. S7 & L7 S8 & L8

1 1 3 5 7 11 12 13 14 17 18 23 24 All Patterns

2 2 4 6 8 9 10 15 16 19 20 21 22 All Patterns

3 1 3 5 7 11 12 13 14 17 18 23 24 All Patterns

4 2 4 6 8 9 10 15 16 19 20 21 22 All Patterns

5 1 3 5 7 11 12 13 14 17 18 23 24 All Patterns

6 2 4 6 8 9 10 15 16 19 20 21 22 All Patterns

7 1 3 5 7 11 12 13 14 17 18 23 24 All Patterns

8 2 468 9 10 15 16 19 20 21 22 All Patterns

9 2 468 9 10 15 16 19 20 21 22 All Patterns

10 2 4 6 8 9 10 15 16 19 20 21 22 All Patterns

11 1 3 5 7 11 12 13 14 17 18 23 24 All Patterns

12 1 3 5 7 11 12 13 14 17 18 23 24 All Patterns

13 1 3 5 7 11 12 13 14 17 18 23 24 All Patterns

14 1 3 5 7 11 12 13 14 17 18 23 24 All Patterns

15 2 4 6 8 9 10 15 16 19 20 21 22 All Patterns

16 2 4 6 8 9 10 15 16 19 20 21 22 All Patterns

17 1 3 5 7 11 12 13 14 17 18 23 24 All Patterns

18 1 3 5 7 11 12 13 14 17 18 23 24 All Patterns

19 2 4 6 8 9 10 15 16 19 20 21 22 All Patterns

20 246 8 9 10 15 16 19 20 21 22 All Patterns

21 2 4 6 8 9 10 15 16 19 20 21 22 All Patterns

22 2 4 6 8 9 10 15 16 19 20 21 22 All Patterns

23 1 3 5 7 11 12 13 14 17 18 23 24 All Patterns

24 1 3 5 7 11 12 13 14 17 18 23 24 All Patterns
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Table XXVI

Theoretical Distance Functions With Respect to Temporal

Position for the Spatial Order Model

Position**

State* 1,1 1,2 1,3 � 2,1 2,2 2,3 b!!:. 3,1 �ld� 4,1 � 4,3 4,4

1 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1

2 1 0 0 0 0 1 0 0 0 0
7 5

0 0
5 7

12 12 12 12

3 1 0 0 0 0
1 1 1

0
1 5 1

0
1 1 5

3 3 3 3 9 9 3 9 9

4 1 0 0 0 0
1 1 1

0
1 1 1

0
1 1 1

3 3 3 3 3 3 3 3 "3

5
1 2 7 1 2 1 1 7 7 1 5 1 7 5
3 9 36 4 9 3 4 36 36 4 9

0
4 36

0
9

6
5 2 2 5 2 5 5 2 2 5 5 2 5 2 2 5
18 9 9 18 9 18 18 9 9 18 18 9 18 9 9 18

7
1 1 1 1 1 1 1 1 1 1 7 1 1 1 1 7
4 4 4 4 4 4" 4 4 7; 4" 18 9 4 4 9 18

8
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 4 4 4 4 4" 4 4 4 4 4 "4 4 "4 4 "4

* Each row represents both the long-term and the short-term state.

** The position code i,j refers to instances in which the correct letter

for the spatial position being scored was presented in temporal position

i and the subject's response was the letter presented in temporal posi­

tion j.
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Table XXVII

Theoretical Conditional Probabilities of Correct Response

Given State and Pattern for Spatial Order Model

Pattern State*

No. 1 2 3 4 5 6 7 8

1 1 1 7/12 1/2 1 1/2 7/24 1/4

2 1 1 7/12 1/2 1 1/2 7/24 1/4

3 1 1 7/12 1/2 3/8 1/4 7/24 1/4

4 1 1/2 2/3 1/2 3/8 1/4 3/8 1/4

5 1 1 2/3 1/2 3/8 1/4 3/8 1/4

6 1 1/2 7/12 1/2 3/8 1/4 7/24 1/4

7 1 1 7/12 1/2 1/2 1/3 7/24 1/4

8 1 1/2 7/12 1/2 1/2 1/3 7/24 1/4

9 1 1 7/12 1/2 1/2 1/4 7/24 1/4

10 1 1/2 7/12 1/2 1/3 1/4 7/24 1/4

11 1 1 7/12 1/2 1/3 1/4 7/24 1/4

12 1 1 7/12 1/2 1/2 1/4 7/24 1/4

13 1 1 7/12 1/2 3/8 1/4 7/24 1/4

14 1 1 2/3 1/2 3/8 1/4 3/8 1/4

15 1 1/2 7/12 1/2 3/8 1/4 7/24 1/4

16 1 1/2 2/3 1/2 3/8 1/4 3/8 1/4

17 1 1 2/3 1/2 3/8 1/4 1/3 1/4

18 1 1 7/12 1/2 3/8 1/4 1/3 1/4

19 1 1/2 7/12 1/2 3/8 1/4 1/3 1/4

20 1 1/2 2/3 1/2 3/8 1/4 1/3 1/4

21 1 1/2 2/3 1/2 3/8 1/4 1/3 1/4

22 1 1/2 7/12 1/2 3/8 1/4 1/3 1/4

23 1 1 7/12 1/2 3/8 1/4 1/3 1/4

24 1 1 2/3 1/2 3/8 1/4 1/3 1/4

* Each column represents both the long-term and the short-term state.
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will fall into the various categories given his state of knowledge are

shown. The response categories considered in Table XXVI are those that

define the distance functions with the temporal positions, and the re­

sponse categories considered in Table XXVII are correct responses on

each of the 24 stimulus patterns. Note in examining Table XXVII that

the responses are scored separately for each letter so that, for example,
if a subject has no information about which pattern he saw and guesses

randomly from among the 24 patterns, on the average 1/4 of the consonants

will be put in their correct spatial position.

Fit of the Model
---------

A minimum chi-square routine, similar to that employed for the tem­

poral order models, was employed to find the values of the four para­

meters of the present model that give the best fit to the observed data.

Separate parameter estimations were made for the data from three of the

spatial order recall conditions -- the Digit Name, the Digit Position,

and the Successor Name Conditions. The data considered in each case were

the distance functions with the temporal positions. For the Digit Name

Condition, the minimum chi-square fit was found when U = .26, A = .09,

B = .05, C = .18, X2 = 52, df = 23. For the Digit Position Condition,
2

U = .15, A = .23, B = .08, C = .31, X = 41, df = 23. For the Successor
2

Name Condition, U = .26, A = .18, B = .06, C·= .28, X = 78, df = 23.

When the parameter values yielding the minimum chi-square fits to

the three conditions were compared, no regularity was observed. However,

some regularity was expected because the time courses of forgetting in

the three conditions were parallel; they only differed in their asymp­

totes. In fact, because of this observation about the time courses, one

would predict that the three parameters A, B, and C representing loss of

information from STS would have the same values in the three conditions$

All that should differ from condition to condition is the value of the

one parameter U, representing the transfer of information from STS to

LTS.

In order to test this prediction, the values of the three parameters
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A, B, and C that were found to give the minimum chi-square fit to the

data of the Digit Position Condition were used to determine the fit of

the model to the Digit Name and Successor Name Conditions. Only the

value of the parameter U was left to vary in order to fit the data from

these two conditions. With these constraints, the minimum chi-square
fit for the Digit Name Condition was found when U = .78, A = .23, B =

2
.08, C = .31, X = 80, df = 26, and the minimum chi-square fit for the

Successor Name Condition was found when U = .37, A = .23, B = .08, C =

2
.31, X = 85, df = 26. Clearly the value of the minimum chi-square is

not greatly changed when the constraints are imposed. Significant chi­

square values are found in each case, but the fit of the models to the

data of the three conditions using these constrained parameter values

appears very close to the eye. Tables XXVIII, XXIX, and XXX allow one

to compare the predictions and the observed data from the Digit Name,

Digit Position, and Successor Name Conditions, respectively, using these

constrained parameter values. Correlation coefficients were computed

to compare these predictions of the model to the observed data. These

correlation coefficients revealed that in each case at least 98 per­

cent of the variance in the data can be accounted for by the model

(Digit Name Condition, r = .995; Digit Position Condition, r = .990;

Successor Name Condition, r = .991).

In addition, with these same parameter values another aspect of the

data from these conditions was predicted -- the proportion of correct re­

sponses at each of the 24 temporal spatial patterns. Correlation coef­

ficients were again computed to compare these parameter free predictions

of the model to the data observed in the three conditions. In each case

the correlation coefficient was positive and statistically significant

at the .01 level. For the Digit Position Condition, r = .62; for the

Digit Name Condition, r = .58; and for the Successor Name Condition,

r = .65.

Conclusions

What then does the relatively accurate description of the response

patterns by the model suggest? First of all it lends support to the
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Table XXVIII

Observed Temporal Distance Functions for Digit Name Condition

Compared with Predictions from Spatial Order Model

No. of Position*

Digits 1,1 1,2 1,3 1,4 2,1 � 2,3 2,4 3,1 3,2 3,3 l.ti 4,1 4,2 4,3 4,4

3
Obs. .86 .07 .02 .05 .06 .81 .07 .07 .03 .09 .76 .12 .04 .04 .15 .77

Prd. .81 .06 .06 .07 .06 .76 .09 .08 .06 .09 .71 .14 .07 .08 .14 .71

8
Obs. .81 .10 .04 .06 .09 072 .09 .10 .06 .07 .72 .15 .04 .12 .14 .70

Prd • • 81 .06 .06 .07 .06 .76 .09 .08 .06 .09 .71 .. 14 .07 .08 .14 .71

18
Obs. .83 .07 .06 .04 .06 .74 .08 .11 .07 .09 .66 .18 .04 .09 .20 .67

Prd. .81 .06 .06 .07 .06 .76 .09 .08 .06 .09 .71 .14 .07 .08 .14 .71

* The position code i,j refers to instances in which the correct letter

for the spatial position being scored was presented in temporal position

i and the subject's response was the letter presented in temporal posi­

tion j.
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Table XXIX

Observed Temporal Distance Functions for Digit Position Condition

Compared with Predictions from Spatial Order Model

No. of Position*

Digits 1,1 1,2 1,3 1,4 2,1 2,2 2,3 2,4 .h!.ld 3,3 � 4,1 !d 4,3 4,4

3
Obs. .66 .16 .08 .10 .14 .58 .13 .15 .09 .13 .57 .20 .11 .13 .22 .54

Prd. .66 .11 .10 .12 .11 .60 .16 .14 .10 .16 .54 .19 .12 .14 .19 .54

8
Obs. .52 .17 .16 .14 .18 .46 .17 .19 .17 .19 .44 .19 .12 .18 .22 .48

Prd • . 53 .15 .15 .17 .15 .48 .19 .17 .15 .19 .44 .21 .17 .17 .21 .44

18
Obs. .51 .19 .15 .16 .16 .49 .. 17 .18 .18 .15 .46 .21 .15 .17 .23 .45

Prd. .52 .16 .15 .17 .16 .47 .20 .18 .15 .20 .44 .21 .17 .18 .21 .44

* The position code i,j refers to instances in which the correct letter

for the spatial position being scored was presented in temporal position

i and the subject's response was the letter presented in temporal posi­

tion j.
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Table XXX

Observed Temporal Distance Functions for Successor Name Condition

Compared with Predictions from Spatial Order Model

No. of Position*

Digits 1,1 1,2 1,3 1,4 2,1 2,2 2,3 2,4 3,1 3,2 3,3 3,4 4,1 4,2 4,3 4,4

3
Obs • • 78 .12 .05 .05 .11 .65 .14 .10 .07 .15 .62 .17 .04 .08 .19 .68

Prd • • 72 .09 .09 .10 .09 .66 .13 .11 .09 .13 .61 .17 .10 .11 .17 .61

8
Obs. .69 .14 .09 .08 .14 .62 .13 .11 .10 .12 .59 .18 .07 .11 .19 .62

Prd. .68 .10 .10 .12 .10 063 .14 .12 .10 .14 .58 .18 .12 .12 .18 .58

18
Obs. .66 .16 .12 .07 .12 .61 .13 .14 .11 .12 .55 .22 .11 .11 .20 .57

Prd. .68 .10 .10 .12 .10 .63 .14 .12 .10 .14 .58 .18 .12 .12 .18 .58

* The position code i,j refers to instances in which the correct letter

for the spat�a1 position being scored was presented in temporal position

i and the subject's response was the letter presented in temporal posi­

tion j.
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notion that in the spatial order recall situation the subject codes in­

formation about the temporal spatial pattern of consonant presentations
rather than about each consonant separately, as he does in the temporal
order case. Furthermore, it gives support to the more specific hypo­
theses postulating three specific items of information that are coded

about each temporal spatial pattern. Moreover, it lends support to the

notion that the three spatial order recall situations differ only in

the extent to which information is transferred from a temporary memory

store to a more permanent store.

This last notion has some interesting implications. The three spa­

tial order recall conditions differed only in their intervening tasks.

The changes in proportion correct that resulted from these intervening
tasks are attributable to changes in the amount of rehearsal, according

to decay theory, and to changes in the amount of interference, according

to interference theory. Therefore, although the present experimental
situation may not be able to discriminate between a decay theory and an

interference theory, it is able to restrict the form of an acceptable

decay or interference theory. An interference theory is compatible with

the results from the present experiment only if it implies that inter­

ference does not affect the rate of information loss from STS but does

affect the amount of information transfer from STS to LTS. Similarly,

a decay theory is compatible with the results from the present experi­

ment only if it implies that a decrease in rehearsal does not lead to

an increase in the rate of forgetting from STS but does lead to a de­

crease in the rate of transfer of information from STS to LTS.
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VI. CONCLUSIONS

Two questions were of central interest to the present study: How

is information stored in short-term memory, and how is information lost

from short-term memory? More specific considerations arose as a result

of trying to answer these questions. Attempting to answer the first

question led to considering the notion of acoustic coding as well as

the notions of independent representations of item and order information

and independent representations of each item in a sequence. Attempting
to answer the second question led to evaluating interference and decay
theories. Progress toward answers to these two questions came by way

of a theoretical and experimental comparison of short-term memory for

temporal and spatial order information.

Acoustic Coding

As in previous studies, the present series of experiments found evi­

dence for acoustic coding from the predominance of acoustic confusion

errors in recall. In addition, by comparing recall at various retention

intervals, the present study was able to get a clear picture of the way

in which these acoustic confusion errors change in frequency with time.

As a result of this analysis it was concluded that acoustic information

is employed at first but that this information decays rapidly and is no

longer available after a few seconds of intervening activity. Support

for acoustic coding also came by way of two mathematical models which in­

corporated the hypothesis that acoustic information was encoded about

each item. These models provided good fits to the data of several tem­

poral order experiments. The two models were proposed in part to answer

the question of whether acoustic confusion errors occur as a result of

information mis-storage or as a result of loss during the retention in­

terval. One model incorporated the former notion, and one the latter.

However, since both models gave almost equally good fits to the data of

the various temporal order experiments, no conclusion could be reached

on this issue.

In contrast to the results of the temporal order experiments, the
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present study yielded no evidence for acoustic coding in those cases

where the subjects were to recall the spatial order of the items. There­

fore the present experiment gave support to the notion of a flexible

coding process as had earlier studies (Atwood, 1971; den Heyer & Barrett,

1971; Kroll, Parks, Parkinson, Bieber, & Johnson, 1970; Margrain, 1967;

Meudell, 1972; Scarborough, 1972a). What is novel about the present

study is that different forms of coding were implicated in the different

situations even though the materials presented in each case were the same

and were presented in the same modalities. The critical difference in

procedure was a change in the manner in which the items were to be re­

called. When items were to be recalled in their temporal order, acoustic

coding was employed, but when items were to be recalled in their spatial

order, coding did not involve acoustic properties.

Independence of Item and Order Information

The high frequency of transposition errors in the Item + Order and

Item Only Experiments suggests independent loss of item and order infor­

mation. In addition, support for item and order independence came from

the two Item + Order models. Both models include independent parameters

for loss of order information, and both models were able to fit the data

from the Item + Order Experiment�

Item and order information were separated experimentally in the

present study. In one experiment, the Order Only Experiment, the subject

knew the identity of the items; he only had to remember their temporal

order. In another experiment, the Item Only Experiment, the subject

knew the order of the items that would be shown; he only had to learn

their exact identity. These experiments, as well as previous studies

in the literature (e.�., Fuchs, 1969) and the Item + Order study, re­

vealed that item and order errors show different serial position func­

tions. In the Order Only Experiment, the serial position functions were

bow-shaped. However, in the All-Different Context Condition of the Item

Only Experiment, the condition where no order errors were possible, the

serial position functions were flat.
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The high frequency of acoustic confusion errors in the Order Only
situation suggests that subjects coded both item and order information

even though only order information was required. If subjects were coding

only order information, these acoustic confusion errors would not be ex­

pected. Furthermore, the two models which accounted for the data from

the Item + Order Experiment also accounted for the data from the Order

Only Experiment. These models implied that the subject encoded item in­

formation as well as order information. An alternative model which im­

plied that the subject coded only order information in the Order Only
situation did not account for certain aspects of the data.

Independent Representations for Each Item

The two models proposed to account for the data of the Item + Order

Experiment incorporated the hypothesis that information about each con­

sonant was independently represented in memory. The close fit of these

models to the data of the Item + Order and Order Only Experiments gave

support to this hypothesis. Additional support for the notion of inde­

pendent representations of the items came from the Item Only Experiment.
The comparison of the two paired context conditions of that experiment

revealed little difference in the proportion of correct responses in the

two conditions even though one of the conditions placed restrictions on

the number of item permutations that were allowed. These restrictions

would have been expected to aid recall if subjects had coded the sequence

as a unit.

In contrast to the results from the temporal order recall situation,

the results from the spatial order recall situation yielded no evidence

that items were independently represented in memory. To the contrary,

in the latter situation subjects paid attention to the temporal spatial

pattern of consonant presentations rather than to each consonant separate­

ly. Both the proportion of correct responses and the particular errors

made depended on the temporal spatial pattern shown on the given trial.

Further, a model including the temporal spatial pattern of consonant

presentations as the basic memory unit described the data of the various
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spatial order recall tasks. Therefore, an answer to the question whe­

ther a sequence of items is coded as a unit or whether each item is in­

dependently coded depends on the specific experimental situation. Dif­

ferent coding strategies have been found to occur even in situations

where the items and the manners of presenting the items are the same.

The critical difference in procedure in these cases proves to be the

manner in which the items are to be recalled.

A Comparison of Temporal and Spatial Order Recall

One of the goals of the present study was to separate and compare

temporal and spatial order information. Earlier experimenters (�.£.,
Murdock, 1969) varied the temporal and spatial order of a set of items

independently. However, analysis of the design and procedures of such

experiments leads to the conclusion that an adequately controlled com­

parison of temporal and spatial order requires that the temporal order

of the consonants be constant whenever the spatial order is to be re­

called and, similarly, that the spatial order of the consonants be con­

stant whenever the temporal order is to be recalled. These constraints

were introduced in the present study. The constant order constraint

proved to be a significant factor since its addition drastically modified

the conclusions that had been reached about spatial order recall on the

basis of the results from the Temporal Spatial Experiment.

The experiments employing the constant order constraint revealed

significant differences in recall of temporal and spatial order infor­

mation. In fact, as reviewed above, different coding processes were im­

plicated in temporal and spatial order recall. There was evidence for

acoustic coding in temporal order recall, whereas there was no evidence

for acoustic coding in spatial order recall. The distinction between

acoustic and nonacoustic coding was confounded with the distinction be­

tween temporal and spatial order recall. In the 1234 Experiment acous­

tic coding was eliminated by requiring the subjects to pronounce irrele­

vant items. In the 1234 Experiment the data in the Temporal Order Recall

Condition were quite similar to those in the Spatial Order Recall Condi­

tion. The time courses of forgetting in the two conditions were parallel,
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and the proportions of correct responses made at the different temporal
spatial patterns were correlated in the two conditions.

As the 1234 Experiment demonstrated, subjects in the temporal order

recall condition could use the same coding strategies as those used in

the spatial order recall condition. In both conditions, the subject
could respond accurately if he recalled which one of the 24 temporal spa­

tial patterns was shown on the given trial. Nevertheless, when free to

use acoustic coding, subjects in the temporal order recall situation em­

ployed an acoustic coding strategy even though this strategy was not as

effective as the pattern strategy at the longer retention intervals.

This observation is consonant with the notion that temporal order infor­

mation is dealt with largely by the auditory modality (Goodfellow, 1934;

O'Connor & Hermelin, 1972) and that spatial order information is dealt

with largely by the visual modality (Attneave & Benson, 1969; O'Connor &

Hermelin, 1972).

Interference vs. Decay

The intervening task, reading digits aloud, produced considerable

forgetting in the Temporal Order Recall Condition, but not in the Spatial

Order Recall Condition of the Constant Temporal Spatial Experiment. This

finding can be accounted for by a decay theory only if different types of

rehearsal are postulated. The argument can be made that reading digits

aloud prevented the type of rehearsal necessary to maintain temporal or­

der recall but not the type of rehearsal necessary to maintain spatial

order recall.

On the other hand, an interference theory can account for these re­

sults with the assumption that reading digits aloud is more similar to

the temporal order recall task than to the spatial order recall task. In

fact similarity of recall and intervening task processes was found to be

an essential determinant of intervening task effectiveness. This conclu­

sion was reached on the basis of the results of the Pattern Interference

Experiments where the Digit Position and Zero Position intervening tasks,

those tasks most similar to the recall task, were most successful at re­

ducing recall. However, similarity in this context is more broadly
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defined than in previous interference theories (�.�., Keppel, 1968;

Waugh & Norman, 1965). Item similarity is held to be the essential

cause of interference in the previous theories, but process similarity
is held to be the important variable in the present study. The inter­

vening items were the same in the Digit Name, Digit Position, and Suc­

cessor Name Conditions of the Pattern Interference Experiments; only
the subjects' responses varied from condition to condition. Neverthe­

less, the extent of interference produced in the three conditions dif­

fered considerably.

Neither an interference theory nor a decay theory can be ruled out

on the basis of the present study. However, the present study imposes

severe restrictions on the form of an acceptable interference or decay

theory. The present study, like previous studies, has shown that a

decay theory must include different types of rehearsal and that an in­

terference theory must include process similarity as well as item simi­

larity as a source of interference. Another restriction on both types

of theories came from the spatial order recall modelo This model was

able to fit the data from the Digit Name, Digit Position, and Successor

Name Conditions by changing the value of only one parameter, the para­

meter representing transfer of information from STS to LTS. Therefore

an interference theory must imply that interference does not affect the

rate of information loss from STS but only affects the amount of infor­

mation transfer from STS to LTS, and a decay theory must imply that a de­

crease in rehearsal does not lead to an increase in the rate of forget­

ting from STS but does lead to a decrease in the rate of transfer from

STS to LTS.

Plans for Future Research

A number of follow-up experiments are suggested by the results of

the present study. In the temporal order recall situation each item in

a sequence is independently represented in memory, and item and order

information are lost independently. On the other hand, in the spatial

order recall situation, the items of a sequence are coded as a unit or

pattern. The question then arises whether item and order information are
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lost independently in the spatial order recall situation. A tachistosco­

pic recognition study led Cumming and Co1theart (1969) to conclude that,
on the contrary, item and spatial order information are interdependent.

However, no evaluation of item and spatial order independence can be made

on the basis of the present series of experiments since in the present study
item information was eliminated from every spatial order recall situa-

tion. Therefore, an experiment adding item information to the spatial
order recall situation was planned and, in fact, has already been con­

ducted. The details of this experiment will be described in a later pa­

per. Unlike the Cumming and Coltheart experiment, the results of the

present experiment provided support for the notion of independent loss

of item and spatial order information. This support came from different

serial position functions and different time courses for item and order

errors. In addition, the correlation between the proportions of item

and order errors made on the 24 temporal spatial patterns was not sig­
nificant.

Another proposed follow-up to the present study is an experiment in

which intervening tasks are varied in the temporal order recall situa­

tion as they were in the spatial order recall situation. On the basis

of Wickelgren's (1965c, 1966) results, intervening tasks that include

items that are acoustically similar to the items to be recalled are ex­

pected to be most effective in reducing temporal order recall. On the

other hand, one would not expect the Digit Position and Zero Position

intervening tasks to be as effective in the temporal order recall situ­

ation as they were in the case of spatial order reca11e

Final Remarks

Although this study has provided models that fit the data from the

various temporal and spatial order recall situations, the task of under­

standing short-term memory is far from accomplished. The models in their

present form are very specific to the given experimental situations, and

these situations themselves are quite limited. Yet however limited are

the models and the experiments of this study, their implications are

much broader. They have provided an opportunity to test some very
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general hypotheses about short-term memory. In fact, through them evi­

dence was found which bears on some of the long-standing controversies

in the field. The popular notion that short-term memory is limited to a

verbal-acoustic coding system was shown to be inadequate. Rather, evi­

dence was found for a more flexible coding system which selects different

types of information to be coded and stored in memory depending on the

specific recall task. These variations with the task are so substantial

that in some cases the subject codes the separate items independently,
whereas in other cases he codes the same items as a pattern. The pre­

sent results could not settle the popular controversy whether forgetting

is due to decay or interference. However, the present results suffice

to restrict the form of an acceptable decay or interference theory. It

is concluded that an acceptable decay theory must include different types

of rehearsal, and an acceptable interference theory must include process

similarity as well as item similarity as a source of interference.
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APPENDIX A

SETS OF CONSONANTS USED AS STIMULI

Experiment Confusable Sets Control Sets

Estes (1970) BCPTV None

FSX

MN

Item + Order, Item Only BPV KMR

FSX HLQ

Order Only BP* KM*

FS* HL*

BPVD**

CTGZ**

Temporal Spatial, Constant BP KM

Temporal Spatial, 1234, FS HL
Pattern Interference I,
Pattern Interference II

* Paired and All-Different Contexts

** All-same Context
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APPENDIX B

COMPUTER SIMULATION OF THE TWO MODELS

In order to determine whether the calculations of the conditional

probabilities shown on Table II were accurate, a Fortran program was

written for the PDP 8/1 computer to simulate the behavior in each model

by the use of a Monte Carlo analysis. This technique makes use of a ran­

dom number generator which enables one to choose one of several outcomes

with various probabilities. For instance, say that the subject was con­

strained to act in one and only one of three ways -- X, Y, and Z. Assume

further that the subject will choose X with probability .3, Y with proba­

bility .5, and Z with probability .2. The computer then generates a ran­

dom number q between 0 and 1.0. If 0 � q � .3, the hypothetical subject

will choose X; if .3 < q < .8, the subject will choose Y, and if .8 < q

� 1.00, the subject will choose Z.

Each run of the simulation program was in effect a double replication

of six subjects in the Bjork and Healy (1970) study; the first half of a

run simulated the experiment according to the assumptions of Modell, and

the second half simulated the experiment according to Model 2. In each

experimental replication the six subjects were run in two sessions each

for 72 trials at each session. On each trial the subject viewed four con­

sonant stimuli and made four responses, one response for each of the four

stimuli. Similarly, each computer replication of the experiment included

6 x 2 x 72 x 4 stimuli, each of which was the basis for one response. In

the experiment 1/4 of all the stimuli were in the paired context and a­

coustic confusion sets; 1/4 of all the stimuli were in the all-different

context and acoustic confusion sets; 1/4 of all the stimuli were in the

paired context and control confusion sets, and 1/4 of all the stimuli

were in the all-different context and control confusion sets. For each

of these four sets of stimuli, 1/3 were to be remembered after 3 inter­

vening digits, 1/3 after 8 intervening digits, and 1/3 after 18 inter­

vening digits. The stimuli in the computer replication were similarly

divided into twelve categories. Yet whereas the experimental subjects

were presented representatives from these twelve categories in a pseudo-
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random order, the computer subjects were presented with all of the stimu­

li from one category together. The assumption of independence of suc­

cessive responses justifies this simplification.

In order to determine the probability of the subject's being in a

certain state after being presented with a given stimulus, the simulation

program uses the values of the parameters found earlier to give the best

fit to the data for each model. Then for every stimulus in each of the

twelve categories, the program chooses one of the subject's five states

of knowledge by making use of the random number generator. Next, also

employing the random number generator, the program determines the sub­

ject's response to the stimulus. The program never makes use of the in­

formation in Table lIon the specific conditional probabilities of a re­

sponse type given the state of knowledgee All that the program employs
is the more general definition of the subject's response given his state

of knowledge as exemplified on page 26. After the program decides the

response to each stimulus, it classifies the response into one of the

five categories -- correct; confusion-transposition error; confusion­

nontransposition error; nonconfusion-transposition error; or nonconfusion­

nontransposition error -- by comparing it with the stimulus letters shown

on that trial. At the end of each run, the computer presents a table of

results of a simulated replication with Model I and a table of results

of a simulated replication with Model 2. At the end of two runs of the

program the two experimental replications involving twelve subjects in

all are simulated. Table XXXI allows one to compare the complete experi­

mental results with the results from the first two simulated replications
with Model I and with those from the first two simulated replications

with Model 2. Since the simulated results are close to those calculated

by the model, support is given to the analysis in Table II. Furthermore,

the close resemblance of the simulated data to the experimental data

gives additional support to the models since it shows that a limited

sample of hypothetical subjects acting according to the models can pro­

duce data similar to that generated by the limited sample of subjects run

in the experiment.
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Table XXXI

Proportions of Response Types Observed in Item + Order Experiment
Compared With Proportions Generated by
Computer Simulation of Models 1 and 2

Letter Categor�
No. of Confusable Control

Context Digits Obs. Mod.l Mod.2 Obs. Mod.l Mod.2

Correct ResEonses
3 .80 .83 .81 .93 .88 .87

Paired 8 .59 .60 .61 .66 .66 .66
18 .35 .36 .37 .38 .34 .37

3 .89 .82 .77 .90 .86 .85
All-Different 8 .66 .60 .60 .70 .64 .66

18 .36 .35 .34 .41 .36 .40

Confusion TransEosition Errors

3 .10 .05 .04 .02 .02 .03
Paired 8 .10 .08 .07 .07 .07 .07

18 .12 .11 .12 .10 .11 .12

3
All-Different 8

18

Confusion NontransEosition Errors

3 .02 .02 .03 .00 .01 .01

Paired 8 .05 .03 .05 .02 .02 .02

18 .06 .05 .04 .03 .04 .04

3 .03 .06 .08 .01 .01 .02

All-Different 8 .11 .07 .08 .05 .04 .05

18 .10 .11 .12 .07 .. 10 .06

Nonconfusion TransEosition Errors

3 .05 .07 .05 .03 .06 ,,05

Paired 8 .16 .14 .14 .14 .14 .13

18 .20 .22 .20 .16 .. 21 .19

3 .08 .10 .08 .07 .11 .10

All-Different 8 .17 .20 .20 .17 .23 .20

18 .34 .30 .30 .30 .31 .31

Nonconfusion NontransEosition Errors

3 .02 .03 .06 .01 .03 .05

Paired 8 .09 .15 .12 .10 .11 .12

18 .28 .27 .26 .33 .30 .28

3 .01 .02 .06 .02 .02 .03

All-Different 8 .07 .12 .12 .09 .09 .09
18 .21 .25 .25 .22 .24 .24
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APPENDIX C

INSTRUCTIONS TO SUBJECTS

Item + Order Experiment

On each trial of this experiment you will be seeing a series of four

letters followed by a series of numbers which will appear on the small

screen in front of you.

You are to read aloud the letters and numbers as they appear. This

is a fairly hard task as the letters and numbers will be appearing quite

rapidly. However, if you pay attention you will be able to read them ac­

curately. Remember it is very important that you read aloud every letter

and number.

At the end of each string of letters and numbers the screen will be­

come blank and you are to write down the four letters you just saw at the

beginning of the string in the same order as they appeared.

You will write the letters you remember on this card (show). Put

each of the four letters in the box corresponding to the order in which

it appeared on the screen. Underneath each box you will see the numbers

3, 2, and 1. For each of the four letters you write, you are to circle

one of these numbers. If for example, you are certain the letter you

write in the first box was the first letter you read on that trial, then

you will circle the #3 for the highest confidence. If instead you know

you are only guessing, you would circle the #1. If you are more certain

of your response than just guessing, but you are not sure that it is cor­

rect, you should circle the 12.

So, at the end of each trial, as soon as the screen goes blank, you

will write down the four letters in the order they appeared. Then for

each letter you will circle one of the three numbers beneath it depending

on how confident you are that it is the correct letter for that position.

Do you have any questions so far?

At the end of the recall time, you will hear a double click. This

is a warning that you should immediately finish responding and hand your
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card to the Experimenter. Then get ready for the next trial.

Order Only Experiment

On each trial of this experiment you will be seeing a series of four

letters followed by a series of numbers which will appear on the small

screen in front of you. In this experiment the same four letters will be

shown on each trial. The letters shown will be They will

appear in a different order on each trial.

You are to read aloud the letters and numbers as they appear. This

is a fairly hard task as the letters and numbers will be appearing quite

rapidly. However, if you pay attention you will be able to read them ac­

curately. Remember it is very important that you read aloud every letter

and number.

At the end of each string of letters and numbers the screen will be­

come blank and you are to write down the four letters you just saw at the

beginning of the string in the same order as they appeared.

You will write the letters you remember on this card (show). Put

each of the four letters in the box corresponding to the order in which

it appeared on the screen. Underneath each box you will see the numbers

3, 2, and 1. For each of the four letters you write, you are to circle

one of these numbers. If, for example, you are certain the letter you

write in the first box was the first letter you read on that trial, then

you will circle the #3 for the highest confidence� If instead you know

you are only guessing, you would circle the #1. If you are more certain

of your response than just guessing, but you are not sure that it is cor­

rect, you should circle the #2.

So, at the end of each trial, as soon as the screen goes blank, you

will write down the four letters in the order they appeared. Then for

each letter you will circle one of the three numbers beneath it depending

on how confident you are that it is the correct letter for that position.

Do you have any questions so far?

At the end of the recall time, you will hear a double click. This

is a warning that you should immediately finish responding and hand your
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card to the Experimenter. Then get ready for the next trial.

Let me remind you again that the same four letters will be shown on

each trial of this experiment 0 The letters shown will be

They will appear in a different order on each trial.

Item Only Experiment

On each trial of this experiment you will be seeing a series of four

letters followed by a series of numbers which will appear on the small

screen in front of you. You are to read aloud the letters and numbers as

they appear. This is a fairly hard task as the letters and numbers will

be appearing quite rapidly. However, if you pay attention, you will be

able to read them accurately. Remember it is very important that you

read aloud every letter and number.

At the end of each string of letters and numbers, the screen will be­

come blank, and you are to write down the four letters you just saw at the

beginning of the string in the same order as they appeared.

You will write the letters you remember on this card (show). Put

each of the four letters in the box corresponding to the order in which it

appeared on the screen. Underneath each box you will see the numbers 3,

2, and 1. For each of the four letters you write, you are to circle one

of these numbers. If, for example, you are certain the letter you write

in the first box was the first letter you read on that trial, then you

will circle the #3 for the highest confidence. If instead you know you

are only guessing, you would circle the #1. If you are more certain of

your response than just guessing but you are not sure that it is correct,

you should circle the #2.

So, at the end of each trial, as soon as the screen goes blank, you

will write down the four letters in the order they appeared. Then for

each letter you will circle one of the three numbers beneath it depending

on how confident you are that it is the correct letter for that position.

Do you have any questions so far?

At the end of the recall time, you will hear a double click. This
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is a warning that you should immediately finish responding and hand your

card to the Experimenter. Then get ready for the next trial.

Before we start, let me tell you one more thing about the four let­

ters you will see on each trial. The first letter you see will always
be either _, -' or The second letter you see will always be either

-' -' or The third letter you see will always be either
__

,
__

, or

_, and the fourth letter you see will always be either , ,or •
-- - --

Here is a card which gives you this same information. You may keep this

card in front of you at all times. Refer to it whenever you need help
during the recall periodo

Temporal Spatial Experiment

On each trial of this experiment you will be seeing a series of four

consonants followed by a series of digits which will appear on the small

screen in front of you. There will always be just four consonants, but

the number of digits will vary. In fact, on some trials no digits will

appear. In this experiment the same four consonants will be shown on

each trial. The consonants shown will be • They will appear

in a different order on each trial.

You are to read aloud the consonants and digits as they appear.

This is a fa�rly hard task as the consonants and digits will be appearing

quite rapidly. However, if you pay attention you will be able to read

them accurately. Remember, it is very important that you read aloud

every consonant and digit.

At the end of each string of consonants and digits, the screen will

become blank and you are to write down the four consonants you just saw

at the beginning of the string in the same order as they appeared.

You will write the consonants you remember on this card (show). Put

each of the four consonants in the box corresponding to the order in which

it appeared on the screen. Underneath each box you will see the numbers

3, 2, and 1. For each of the four consonants you write, you are to cir­

cle one of these numbers. If, for example, you are certain the consonant

you write in the first box was the first consonant you read on that trial,
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then you will circle the #3 for highest confidence. If instead you know

you are only guessing, you would circle the #1. If you are more certain

of your response than just guessing, but you are not sure that it is cor­

rect, you should circle the #2.

So, at the end of each trial, as soon as the screen goes blank, you

will write down the four consonants in the order they appeared. Then

for each consonant you will circle one of the three numbers beneath it

depending on how confident you are that it is the correct consonant for

that position. Do you have any questions so far?

At the end of the recall time, you will hear a double click. This

is a warning that you should immediately finish responding and hand your

card to the Experimenter. Then get ready for the next trial.

There is one more feature of the experiment I must explain to you

before we begin. As you can see there are four cells across the screen

in front of you. On every trial each digit will appear in all four cells

simultaneously so you will see the same digit repeated in every cell�

However, on every trial each of the four consonants you are to remember

will appear in only one of the four cells. The other three cells will

be blank. In addition, each of the four consonants on a trial will ap­

pear in a.different one of the four cells of the screen. However, the

first consonant you see will not necessarily appear in the first cell;

the second won't necessarily appear in the second cell, and so on. There­

fore, the position order of the four consonants will not coincide with

their time order. Let me explain what I mean by that. The time order of

the consonants is the order in which they are flashed on the screen and

the order in which you will read them alouda The position order, on the

other hand, is the order of the consonants when only their spatial posi­

tion is considered so that the letter which appeared in the left-most

cell is the first letter in the position order, the letter which appeared

in the cell next to that one is the second letter in the position order,

and so on. Therefore, you can see, as I just stated, the position order

will not necessarily correspond to the time order. In which order are

you supposed to recall the consonants, in their time order or in their
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position order?

Precue Condition

On some trials you are to recall the position order of the consonants

and on some trials you are to recall the time order. At the beginning of

every trial you will be told in which order to recall the consonants. The

trial will start with a blink of the screen and then one of the vowels,
I or 0, will appear in every cell of the screen just as do the digits.
Read aloud the vowel I or o just as you read aloud the consonants and

digits. The vowel I will tell you that you are to recall the time order

(this is easy to remember because of the I in time); the vowel 0 will tell

you that you are to recall the position order (this is easy to remember

because of the O's in position). After the vowel I or 0 appears, the

screen will blink several times and then the consonants and digits will

appear immediately, so keep your eyes on the screen. At the end of every

trial, right after the last digit, and right before the screen becomes

blank, the same vowel either I or 0 will appear again. It is there to re­

mind you in which order you are to recall the consonants. Remember to

read aloud the vowel I or 0 just as you read aloud the digits that pre­

ceded it. Then immediately start responding by writing down the four

consonants in their proper order and by indicating your confidence ratings.

Do you understand?

Now there will be a series of six practice trials. They are just

like the real trials except the letters ABCD will appear on the screen

instead of the consonants If you have any questions please

ask me now or right after the practice trials since I cannot stop the tape

after it's begun. However, there will be one break half way through the

session when you will be able to relax.

Let me remind you again that the same four consonants will be

shown on each trial of this experiment. The consonants shown will be

They will appear in a different order on each trial.
----

Postcue Condition

On some trials you are to recall the position order of the consonants
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and on some trials you are to recall the time order. At the end of every

trial you will be told in which order to recall the consonants. The

trial will start with a blink of the screen and then the vowel U will ap­

pear in every cell of the screen just as do the digits. Read aloud the

vowel U just as you read aloud the consonants and digits. The vowel U

will tell you that the trial is beginning. After the vowel U appears the

screen will blink several times and then the consonants and digits will

appear immediately so keep your eyes on the screen. At the end of every

trial, right after the last digit and right before the screen becomes

blank, the vowel I or 0 will appear. It is there to tell you in which

order you are to recall the four consonants. The vowel I will tell you

that you are to recall the time order (this is easy to remember because

of the I in time); the vowel 0 will tell you that you are to recall the

position order (this is easy to remember because of the O's in the word

position). Remember to read aloud the vowel I or 0 just as you read a­

loud the digits that preceded it. Then, immediately start responding by

writing down the four consonants in their proper order and by indicating

your confidence ratings. Do you understand?

Now there will be a series of six practice trials. They are just

like the real trials except the letters ABCD will appear on the screen

instead of the consonants
_

If you have any questions please

ask me now or right after the practice trials since I cannot stop the

tape after it's begun. However, there will be one break half way through

the session when you will be able to relax.

Let me remind you again that the same four consonants will be

shown on each trial of this experiment. The consonants shown.will be

___

• They will appear in a different order on each trial.

Constant Temporal Spatial Experiment

On each trial of this experiment you will be seeing a series of four

consonants followed by a series of digits which will appear on the small

screen in front of you. There will always be just four consonants, but

the number of digits will vary. In this experiment the same four conso-

nants will be shown on each trial. The consonants shown will be
_
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• They will appear in a different order on each trial.

You are to read aloud the consonants and digits as they appear. This

is a fairly hard task as the consonants and digits will be appearing quite

rapidly. However, if you pay attention you will be able to read them ac­

curately. Remember, it is very important that you read aloud every con­

sonant and digit.

At the end of each string of consonants and digits, the screen will

become blank and you are to write down the four consonants you just saw

at the beginning of the string in the same order as they appeared.

You will write the consonants you remember on this card (show)� Put

each of the four consonants in the box corresponding to the order in which

it appeared on the screen. Do not leave any boxes blank. Make sure that

you put a consonant in each of the four boxes on the card. If you have to

guess, then do guess. You'll be able to guess because you know the four

consonants that will be shown on each trial. Do you have any questions

so far?

At the end of the recall time you will hear a double clicks This is

a warning that you should immediately finish responding and hand your card

to the Experimenter. Then get ready for the next trial.

There is one more feature of the experiment I must explain to you

before we begin. As you can see there are four cells across the screen

in front of you. On every trial each digit will appear in all four cells

simultaneously so you will see the same digit repeated in every cell. How­

ever, on every trial each of the four consonants you are to remember will

appear in only one of the four cells. The other three cells.will be blank.

In addition, each of the four consonants on a trial will appear in a dif­

ferent one of the four cells of the screen. However, the first consonant

you see will not necessarily appear in the first cell; the second won't

necessarily appear in the second cell and so on. Therefore, the position

order of the four consonants will not coincide with their time order.

Let me explain what I mean by that. The time order of the consonants is

the order in which they are flashed on the screen and the order in which



222

you will read them aloud. The position order, on the other hand, is the

order of the consonants when only their spatial position is considered

so that the letter which appeared in the left-most cell is the first let­

ter in the position order, the letter which appeared in the cell next to

that one is the second letter in the position order, and so on. Therefore,

you can see, as I just stated, the position order will not necessarily

correspond to the time order. In which order are you supposed to recall

the consonants, in their time order or in their position order?

Spatial Order Recall

You are to recall the consonants in their position order. In fact,

the time order of the letters will be the same on every trial so that you

will always see the letters in the time order Therefore,

for instance, will always be the first letter you see, but it won't

necessarily be in the first cell. Remember if it was in the first, se­

cond, third, or fourth cell so that you can recall it in its proper po­

sition order. Write the letter that appeared in the first cell in the

first box on the card, the letter that appeared in the second cell in the

second box on the card, and so on. Do you understand?

Now there will be a series of six practice trials. They are just

like the real trials except the letters ABCD will appear on the screen

instead of the consonants They will always appear in the

time order ABCD but the position order will vary. You are to recall the

letters in their proper position ordero

Let me remind you again that the same four consonants will be

shown on each trial of this experiment. The consonants shown will be

They will appear in the time order , but they will

appear in a different position order on every trialo You are to write

down the letters in their proper position order.

Temporal Order Recall

You are to recall the consonants in their time order. In fact, the

position order of the letters will be the same on every trial so that you

will always see the letters in the position order • Therefore,
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for instance,
__

will always be the letter in the first cell but it won't

necessarily be the first letter you will see. Remember if it was the

first, second, third, or fourth letter you saw so that you can recall it

in its proper time order. Write the letter you saw first in the first

box on the card, the letter you saw second on the second box on the card,
and so on. Do you understand?

Now there will be a series of six practice trials. They are just
like the real trials except the letters ABCD will appear on the screen

instead of the consonants • They will always appear in the

position order ABCD but the time order will vary. You are to recall the

letters in their proper time order.

Let me remind you again that the same four consonants will be

shown on each trial of this experiment. The consonants shown will be

______ They will always appear in the position order , but

they will appear in a different time order on every trial. You are to

write down the letters in their proper time order.

1234 Experiment

On each trial of this experiment you will be seeing a series of four

consonants followed by a series of digits which will appear on the small

screen in front of you. There will always be just four consonants, but

the number of digits will vary. In this experiment the same four conso­

nants will be shown on each trial. The consonants shown will be

They will appear in a different order on each trial.

As the first of the four consonants appears, you are to say aloud the

number "one". As the second of the four consonants appears, say aloud

"two"; as the third consonant appears, say aloud "three", and as the

fourth consonant appears, say aloud "four". Then, as each digit appears,

read it aloud. This is a fairly hard task as the consonants and digits

will be appearing quite rapidlyo However, if you pay attention, you will

have no trouble. Remember, it is very important that I hear you say "one,

two, three, four" as the consonants appear and that I hear you read each

digit as it appears. Don't forget that you are not to read the consonants
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aloud, only the digits.

At the end of each string of consonants and digits, the screen will

become blank and you are to write down the four consonants you just saw

at the beginning of the string in the same order as they appeared.

You will write the consonants you remember on this card (show). Put

each of the four consonants in the box corresponding to the order in which

it appeared on the screen. Do not leave any boxes blank; make sure that

you put a consonant in each of the four boxes on the card. If you have to

guess, then do guess. You'll be able to guess because you know the four

consonants that will be shown on each trial. Do you have any questions
so far?

At the end of the recall time you will hear a double click. This is

a warning that you should immediately finish responding and hand your card

to the Experimenter. Then get ready for the next trial.

There is one more feature of the experiment I must explain to you be­

fore we begin. As you can see there are four cells across the screen in

front of you. On every trial each digit will appear in all four cells

simultaneously so you will see the same digit repeated in every cell.

However, on every trial each of the four consonants you are to remember

will appear in only one of the four cells. The other three cells will be

blank. In addition, each of the four consonants on a trial will appear

in a different one of the four cells of the screen. However, the first

consonant you see will not necessarily appear in the first cell; the se­

cond won't necessarily appear in the second cell, and so on. Therefore,

the position order of the four consonants will not coincide with their

time order. Let me explain what I mean by that. The time order of the

consonants is the order in which they are flashed on the screen. The

position order, on the other hand, is the order of the consonants when

only their spatial position is considered so that the letter which ap­

peared in the left-most cell is the first letter in the position order,

the letter which appeared in the cell next to that one is the second

letter in the position order, and so on. Therefore, you can see, as I
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just stated, the position order will not necessarily correspond to the

time order. In which order are you supposed to recall the consonants, in

their time order or in their position order?

Spatial Order Recall

You are to recall the consonants in their position order. In fact,
the time order of the letters will be the same on every trial so that

you will always see the letters in the time order Therefore,
for instance, will always be the first letter you see, but it won't

necessarily be in the first cell. Remember if it was in the first, se­

cond, third, or fourth cell so that you can recall it in its proper po­

sition order. Write the letter that appeared in the first cell in the

first box on the card, the letter that appeared in the second cell in

the second box on the card, and so on. Do you understand?

Now there will be a series of six practice trials. They are just
like the real trials except the letters ABCD will appear on the screen

instead of the consonants They will always appear in the

time order ABCD but the position order will vary. You are to recall the

letters in their proper position order.

Let me remind you again that the same four consonants will be

shown on each trial of this experiment. The consonants shown will be

They will always appear in the time order , but

they will appear in a different position order on every trial. You are

to write down the letters in their proper position order.

Temporal Order Recall

You are to recall the consonants in their time order. In fact, the

position order of the letters will be the same on every trial so that you

will always see the letters in the position order • Therefore,

for instance,
_

will always be the letter in the first cell but it won't

necessarily be the first letter you will see. Remember if it was the

first, second, third, or fourth letter you saw so that you can recall it

in its proper time order. Write the letter you saw first in the first

box on the card, the letter you saw second in the second box on the card,
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and so on. Do you understand?

Now there will be a series of six practice trials. They are just
like the real trials except the letters ABCD will appear on the screen

instead of the consonants • They will always appear in the

position order ABCD, but the time order will vary. You are to recall

the letters in their proper time order�

Let me remind you again that the same four consonants will be

shown on each trial of this experiment. The consonants shown will be

__ __ __ They will always appear in the position order ,

but they will appear in a different time order on every trial. You are

to write down the letters in their proper time order.

Pattern Interference I Experiment

Digit Name Condition

On each trial of this experiment you will be seeing a series of four

consonants followed by a series of digits which will appear on the small

screen in front of you. There will always be just four consonants but

the number of digits will vary. In this experiment the same four conso-

nants will be shown on each trial. The consonants shown will be
__

They will appear in a different order on each trial.

As you can see there are four cells across the screen in front of

you. Each consonant and digit will appear in only one of the four cells.

The other three cells will be blank. In addition, the cell where a given

item appears will vary from item to item.

You are to read aloud the consonants and digits as they appear.

This is a fairly hard task as the consonants and digits will be ap­

pearing quite rapidly; however, if you pay attention you will have no

trouble.

Remember, it is very important that I hear you read aloud every con­

sonant and digit�

At the end of each string of consonants and digits, the screen will
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become blank, and you are to write down the four consonants you just saw

at the beginning of the string in the same order as they appeared on the

screen.

You will write the consonants you remember on this card (show). Put

each of the four consonants in the box corresponding to the order in which

it appeared on the screen. Do not leave any boxes blank; make sure that

you put a consonant in each of the four boxes on the card. If you have

to guess, then do guess. You'll be able to guess because you know the

four consonants that will be shown on each trial. Do you have any ques­

tions so far?

At the end of the recall time you will hear a double click. This is

a warning that you should immediately finish responding and hand your card

to the Experimenter. Then get ready for the next trial.

There is one more feature of the experiment I must explain to you

before we begin. As I said earlier, each consonant and digit will appear

in only one of the four cells of the screen. The other three cells will

be blank. In addition, the cell where a given item appears will vary

from item to item. MOreover, it will also be true that each of the four

consonants on a trial will appear in a different one of the four cells of

the screen. However, the first consonant you see will not necessarily

appear in the first cell; the second won't necessarily appear in the se­

cond cell, and so on. Therefore, the position order of the four conso­

nants will not coincide with their time order. Let me explain what I

mean by that. The time order of the consonants is the order in which

they are flashed on the screen. The position order, on the other hand,

is the order of the consonants when only their spatial position is con­

sidered so that the letter which appeared in the left-most cell is the

first letter in the position order, the letter which appeared in the cell

next to that one is the second letter in the position order, and so on.

Therefore, you can see, as I just stated, the position order will not

necessarily correspond to the time order. In which order are you supposed

to recall the consonants, in their time order or in their position order?

You are to recall the consonants in their position order. In fact,
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the time order of the letters will be the same on every trial so that you

will always see the letters in the time order Therefore, for

instance,
__

will always be the first letter you see, but it won't neces­

sarily be in the first cell. Remember if it was in the first, second,
third, or fourth cell so that you can recall it in its proper position
order. Write the letter that appeared in the first cell in the first box

on the card, the letter that appeared in the second cell in the second

box on the card, and so on. Do you understand?

Now there will be a series of six practice trials. They are just
like the real trials except the letters ABCD will appear on the screen

instead of the consonants .
----- They will always appear in the

time order ABCD, but the position order will vary. You are to recall the

letters in their proper position order.

Let me remind you again that the same four consonants will be

shown on each trial of this experiment. The consonants shown will be

They will always appear in the time order , but

they will appear in a different position order on every trial. You are

to write down the letters in their proper position order.

Digit Position Condition

On each trial of this experiment you will be seeing a series of four

consonants followed by a series of digits which will appear on the small

screen in front of you. There will always be just four consonants but

the number of digits will vary. In this experiment the same four conso-

nants will be shown on each trial. The consonants shown will be
__

They will appear in a different order on each trial.

As you can see there are four cells across the screen in front of

you. Each consonant and digit will appear in only one of the four cells.

The other three cells will be blank. In addition, the cell where a given

item appears will vary from item to item.

You are to read aloud the consonants as they appear. However, as the

digits appear, don't read them aloud. Instead for each digit say aloud

the number of the cell in which it appears, assuming that the cells are

numbered from one to four, as you go from left to right. Thus, if a digit,



229

any digit, appears in the cell closest to the left, say "one" as it ap­

pears; if a digit appears in the cell second from the left, say "two" as

it appears; if a digit appears in the cell third from the left, say "three"
as it appears, and if a digit appears in the cell closest to the right,

rtf " .

say our as lt appears.

This is a fairly hard task as the consonants and digits will be appear­

ing quite rapidly; however, if you pay attention you will have no trouble.

Remember, it is very important that I hear you read each consonant as

it appears and that I hear you say the number of the cell where each digit
appears. Don't forget that you are not to read the digits aloud, only the

consonants.

At the end of each string of consonants and digits, the screen will be­

come blank and you are to write down the four consonants you just saw at the

beginning of the string in the same order as they appeared on the screen.

You will write the consonants you remember on this card (show). Put

each of the four consonants in the box corresponding to the order in which

it appeared on the screen. Do not leave any boxes blank; make sure that you

put a consonant in each of the four boxes on the card. If you have to guess,

then do guess. You'll be able to guess because you know the four consonants

that will be shown on each trial. Do you have any questions so far?

At the end of the recall time you will hear a double click. This is

a warning that you should immediately finish responding and hand your card

to the Experimentero Then get ready for the next trial�

There is one more feature of the experiment I must explain to you

before we begin. As I said earlier, each consonant and digit will appear

in only one of the four cells of the screen. The other three cells will

be blank. In addition, the cell where a given item appears will vary

from item to item. Moreover, it will also be true that each of the four

consonants on a trial will appear in a different one of the four cells

of the screen� However, the first consonant you see will not necessarily

appear in the first cell; the second won't necessarily appear in the se­

cond cell, and so on. Therefore, the position order of the four conso­

nants will not coincide with their time order. Let me explain what I
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mean by that. The time order of the consonants is the order in which they
are flashed on the screen. The position order, on the other hand, is the

order of the consonants when only their spatial position is considered so

that the letter which appeared in the left-most cell is the first letter

in the position order, the letter which appeared in the cell next to that

one is the second letter in the position order, and so on. Therefore, you

can see, as I just stated, the position order will not necessarily cor­

respond to the time order. In which order are you supposed to recall the

consonants, in their time order or in their position order?

You are to recall the consonants in their position ordero In fact,
the time order of the letters will be the same on every trial so that you

will always see the letters in the time order
__

Therefore,
for instance, will always be the first letter you see, but it won't

necessarily be in the first cell. Remember if it was in the first, second,

third, or fourth cell so that you can recall it in its proper position
order. Write the letter that appeared in the first cell in the first box

on the card, the letter that appeared in the second cell in the second

box on the card, and so on. Do you understand?

Now there will be a series of six practice trials. They are just

like the real trials except the letters ABCD will appear on the screen

instead of the consonants They will always appear in the

time order ABCD but the position order will vary. You are to recall the

letters in their proper position order.

Let me remind you again that the same four consonants will be

shown on .each trial of this experiment. The consonants shown will be

They will always appear in the time order , but

they will appear in a different position order on every trial. You are

to write down the letters in their proper position order.

Pattern Interference II Experiment

Zero Position Condition

On each trial of this experiment you will be seeing a series of four

consonants followed by a series of zeros which will appear on the small



231

screen in front of you. There will always be just four consonants but

the number of zeros will vary. In this experiment the same four conso­

nants will be shown on each trial. The consonants shown will be

They will appear in a different order on each trial.

As you can see there are four cells across the screen in front of

you. Each consonant and zero will appear in only one of the four cells.

The other three cells will be blank. In addition, the cell where a given
item appears will vary from item to item.

You are to read aloud the consonants as they appear. However, as

the zeros appear, don't read them aloud. Instead for each zero say a­

loud the number of the cell in which it appears, assuming that the cells

are numbered from one to four, as you go from left to right. Thus, if

a zero appears in the cell closest to the left, say "one" as it appears;

if a zero appears in the cell second from the left, say "two" as it ap­

pears; if a zero appears in the cell third from the left, say "three"

as it appears, and if a zero appears in the cell closest to the right,

say "four" as it appears.

This is a fairly hard task as the consonants and zeros will be ap­

pearing quite rapidly; however, if you pay attention you will have no

trouble.

Remember, it is very important that I hear you read each consonant

as it appears and that I hear you say the number of the cell where each

zero appears.

At the end of each string of consonants and zeros, the screen will

become blank and you are to write down the four consonants you just saw

at the beginning of the string in the same order as they appeared on the

screen.

You will write the consonants you remember on this card (show)o Put

each of the four consonants in the box corresponding to the order in which

it appeared on the screen. Do not leave any boxes blank; make sure that

you put a consonant in each of the four boxes on the card. If you have

to guess, then do guess. You'll be able to guess because you know the
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four consonants that will be shown on each trial.. Do you have any ques­

tions so far?

At the end of the recall time you will hear a double click.. This is

a warning that you should immediately finish responding and hand your card

to the Experimenter. Then get ready for the next trial.

There is one more feature of the experiment I must explain to you be­

fore we begin.. As I said earlier, each consonant and zero will appear in

only one of the four cells of the screen. The other three cells will be

blank. In addition, the cell where a given item appears will vary from

item to item. Moreover, it will also be true that each of the four con­

sonants on a trial will appear in a different one of the four cells of

the screen. However, the first consonant you see will not necessarily

appear in the first cell; the second won't necessarily appear in the se­

cond cell, and so on. Therefore, the position order of the four conso­

nants will not coincide with their time order. Let me explain what I

mean by that. The time order of the consonants is the order in which

they are flashed on the screen. The position order, on the other hand,

is the order of the consonants when only their spatial position is con­

sidered so that the letter which appeared in the left-most cell is the

first letter in the position order, the letter which appeared in the cell

next to that- one is the second letter in the position order, and so on.

Therefore, you can see, as I just stated, the position order will not

necessarily correspond to the time order.. In which order are you sup­

posed to recall the consonants, in their time order or in their position

order?

You are to recall the consonants in their position order. In fact"

the time order of the letters will be the same on every trial so that you

will always see the letters in the time order • Therefore,

for instance" will always be the first letter you see, but it won't

necessarily be in the first cell. Remember if it was in the first, se­

cond, third, or fourth cell so that you can recall it in its proper po­

sition order. Write the letter that appeared in the first cell in the

first box on the card" the letter that appeared in the second cell in the
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second box on the card, and so on. Do you understand?

Now there will be a series of six practice trials. They are just
like the real trials except the letters ABCD will appear on the screen

instead of the consonants • They will always appear in the

time order ABCD but the position order will vary. You are to recall the

letters in their proper position order.

Let me remind you again that the same four consonants will be

shown on each trial of this experiment. The consonants shown will be

___

• They will always appear in the time order , but

they will appear in a different position order on every triala You are

to write down the letters in their proper position ordero

Successor Name Condition

On each trial of this experiment you will be seeing a series of four

consonants followed by a series of digits which will appear on the small

screen in front of you. There will always be just four consonants, but

the number of digits will vary. In this experiment the same four conso­

nants will be shown on each trial. The consonants shown will be
__

.
--

They will appear in a different order on each triala

As you can see there are four cells across the screen in front of

you. Each consonant and digit will appear in only one of the four cells.

The other three cells will be blank. In addition, the cell where a given

item appears will vary from item to item.

You are to read aloud the consonants as they appear. However, as

the digits appear, don't read them aloud. Instead for each digit say

aloud its successor; so, for instance, if you see a 4, say 5, and if you

see a 6, say 7.

This is a fairly hard task as the consonants and digits will be ap­

pearing quite rapidly; however, if you pay attention, you will have no

trouble.

Remember, it is very important that I hear you read each consonant

as it appears and that I hear you say the successor of each digit that
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appears. Don't forget that you are not to read the digits aloud, only the

consonants.

At the end of each string of consonants and digits, the screen will

become blank, and you are to write down the four consonants you just saw

at the beginning of the string in the same order as they appeared on the

screen.

You will write the consonants you remember on this card (show). Put

each of the four consonants in the box corresponding to the order in which

it appeared on the screen. Do not leave any boxes blank; make sure that

you put a consonant in each of the four boxes on the card. If you have

to guess, then do guess. You'll be able to guess because you know the

four consonants that will be shown on each trial. Do you have any ques­

tions so far?

At the end of the recall time you will hear a double click. This is

a warning that you should immediately finish responding and hand your card

to the Experimenter. Then get ready for the next trial.

There is one more feature of the experiment I must explain to you

before we begin. As I said earlier, each consonant and digit will appear

in only one of the four cells of the screen. The other three cells will

be blank. In addition, the cell where a given item appears will vary from

item to item. Moreover, it will also be true that each of the four con­

sonants on a trial will appear in a different one of the four cells of

the screen. However, the first consonant you see will not necessarily

appear in the first cell; the second won't necessarily appear in the se­

cond cell, and so on. Therefore, the position order of the four conso­

nants will not coincide with their time order. Let me explain what I

mean by that. The time order of the consonants is the order in which

they are flashed on the screen. The position order, on the other hand,

is the order of the consonants when only their spatial position is con­

sidered so that the letter which appeared in the left-most cell is the

first letter in the position order, the letter which appeared in the cell

next to that one is the second letter in the position order, and so on.
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Therefore, you can see, as I just stated, the position order will not

necessarily correspond to the time order. In which order are you sup­

posed to recall the consonants, in their time order or in their position
order?

You are to recall the consonants in their position order. In fact,
the time order of the letters will be the same on every trial so that you

will always see the letters in the time order Therefore,
for instance, will always be the first letter you see, but it won't

necessarily be in the first cell. Remember if it was in the first, se­

cond, third, or fourth cell so that you can recall it in its proper posi­

tion order. Write the letter that appeared in the first cell in the first

box on the card, the letter that appeared in the second cell in the second

box on the card, and so on. Do you understand?

Now there will be a series of six practice trials. They are just

like the real trials except the letters ABCD will appear on the screen

instead of the consonants They will always appear in the

time order ABCD, but the position order will vary. You are to recall the

letters in their proper position order.

Let me remind you again that the same four consonants will be

shown on each trial of this experiment. The consonants shown will be

They will always appear in the time order , but

they will appear in a different position order on every trial. You are

to write down the letters in their proper position order.
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