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A Model for Visual Memory Tasks,

GEORGE SPERLING, Bell Telephone Laboratories, Incorporated, Murray Hill, New Jersey.

A model for visual recall tasks was presented in terms of visual information
storage (V'IS), scanning, rebearsal, and awditory information storage (AIS). It
was shown first that brief visual stimuli are stored in VIS in a form similar to the
sensory input, These visual “ images’ contain considerably more information than
is transmitted later, They can be sampled by scanning for items at bigh rates of
about 10 msec per letter, Recall is based on a verbal recoding of the stimuius
(rebearsal), which is remembered in ALS. The items retained in AIS are usually
rebearsed again to prevent them from decaying. The buman limits in immediate-
memory (reproduction) tasks are inberent in the AIS-Rebearsal loop, The main
implication of the model for buman factors is the importance of the auditory coding

in visual tasks.

INTRODUCTION

I shall be concerned with the apparently
simple situation in which an observer looks
briefly at a complex visual display and then at-
tempts to reproduce part or all of it. Under-
standing this visual, immediate-memory task is
important both in practical problems and in
basic psychological problems. From the prac-
tical point of view, it is relevant to everyday
situations such as 2 person looking at a number
in a telephone book and then attempting to dial
it,as well as to the esoteric problems thatarise in

" matching complex visual displays to human
capabilities. I shall not be concerned directly
with specific applications; rather, some general
principles will be evolved.

The brief visual exposure has a special the-
oreticalsignificance. Normally,theeyemovesin
brief, quick motions between its steady fixations
upon objects. These movements, called saccads,
were first noticed by Javal (1878) and described
by Erdmann and Dodge (1898). In such varied
tasks as reading, looking at stationary objects
and even in visually tracking most moving
objects, the eye moves in saccads and takes in
information only during the fixation pause
between the saccads. As there are several fixa-
tions per second, the eye codes information
from the environment into a rapid sequence of

1 Invited address, Symposiun on “Igfamalion Processing
in Man: Research Frontiers, sponsored jointly by the Los
Angeles Chapter of the Human Factors Society and the
University o Southern California. Held at USC, June 23,
1962,
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still pictures. It is natural, therefore, that the
problem of what can be seen in a single brief
exposure has fascinated researchers for over
100 years.; My purpose is to describe some of
the components and properties of a preliminary
model for the information processing that be-
gins with the observation of a brief visual
stimulus and that ends with the observer’s
response.

Historically, most research in immediate-
memory (or span of attention) has been confined
to the problem of capacity. That is, experi-
menters usually have presented subjects with a
great variety of stimuli and measured simply the
number of items reported correctly. While such
experiments reveal something about the ca-
pacity of a memory, they do not usually reveal
much about its structure. For example, by
structure I mean such properties as—to use
computer terminology—whefRer a memory has
random access or whether restraints limit the
sequence in which items can be remembered or
recalled. To ferret out structural details, the
experimental technique requires the presenta-
tion of one kind of stimulus over and over
to determine the various capabilities and limi-
tations of the observer in dealing with this
stimulus. In other words, one must determine
the limits of the observer’s ability to cope with
this stimulus depending upon instructions and

¢ Volkmann (1859) coined the word * tachistoscope”
for a device he invented. It utilized falling shutters to
replace the electric sparks which had been—up to that
time—the primary means of producing bricf exposures.
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“irrelevant” stimuli such as various kinds of
interference. In principle and in intent, this
method has a precedent in the work of Kulpe
(1904) and his followers.

The Model

In order to facilitate the exposition, it is
desirable at this point to give a brief sketch of
the model as follows. (1) The observer sees the
stimulus material for a short time. (2) He scans
it, selecting certain information to rehearse (3)
He later reports what he remembers of his
rehearsal, The experiments seek to clarify and
- quantify these three main aspects of the model.
In the first place it will be established that even
in a brief exposure the observer may have avail-
able much more information than he can later
report. Because the duration for which he
*“sees” the stimulus normally exceeds the stimu-
lus exposure duration, this component of the
model is called visual information storage. The
second concern is with the rate at which the
observer can select and utilize the visual infor-
- mation. This is called scanning or read-out
from visual storage. When it is not limited by
the requirement of making muscular responses,
the scan rate can be quite high.

The third component of the model deals with
the subvocal and/or vocal rehearsal of the selec-
ted items and the memory for this rehearsal.
The memory is called auditory information
storage. It will be suggested that the auditory
component may be the limiting factor in a wide
range of both visual and auditory reproduction
tasks. This single limiting process, common to
many tasks, would help account for the item
constancy of the so-called span of immediate-
memory (cf. Pollack, 1953 ; Miller, 1956).

I. VISUAL INFORMATION STORAGE

Much of the material in this section has been
published elsewhere(Sperling, 1960b; Averbach
and Sperling, 1961) but it is presented briefly
~ for completeness and because the results are
needed for the model. Subjects are characteristi-
cally able to report about six or fewer items from
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brief stimulus exposures. This finding dates to
the last century (Cattell, 1885; Erdmann and
Dodge, 1898). In my own experiments involv-
ing immediate memory for visual stimuli, this
finding occurs with great consistency. For
example, in one of my studies using five ex-
perienced subjects, it was found that the average
number of symbols correctly reported was equal
to the number of symbols in the stimulus when
stimuli contained four or fewer symbols, and
equal to about 4.5 symbols when stimuli con-
tained five or more symbols. This held for
various spatial arrangements of the symbols,
and for mixtures of letters and numbers as well
as for letters alone. There was, moreover, no
change in the number of letters correctly re-
ported within the entire range of exposure dura-
tions' tested, from 15 to 500 msec. In these
presentations the stimulus was preceded and
followed by a dark field. With another apparatus
capable of shorter exposures, I found no change
in the number of letters reported correctly even
for exposures as short as 5 msec and with light
pre- and post-exposure fields.; At such short
exposures the apparent contrast of the stimulus
letters was greatly reduced (black letters ap-
peared light grey) but this did not affect the
number of letters reported correctly. These
results taken together, define the invariant span
of attention, or span of immediate-memory.
The span of immediate-memory, however, is
not due to alimit on what the subject can see.
This was first proved by using a partial report
procedure in the following experiment (Sperl-
ing, 1960b). Subjects were presented stimuli
consisting of 12 letters and numibers in three
rows of 4 symbols each. The exposure duration
was 50 msec. The stimulus exposure was imme-
diately followed by a tonal signal. The subjects
had been told to report only one row of letters
and the signal indicated to the subject the parti-
cular row to be reported. Subjects were able to
report correctly 76 per cent of the called-for
letters even though thev did not know in

4 Unpublished experiments conducied at the Bell
‘Telephone Laboratorics, 1958.
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advance which particular row would be called
for. This result indicates that after termination of
the exposure, subjects still had available (some-
where inside them) 76 per cent of the 12 symbols,
that is, 9.1 symbols. However, when the tonal
signal was delayed for only one second, the ac-
curacy of report dropped precipitously from
76 to 36 per cent. Note that 36 per cent of 12
symbols is 4.3 symbols;; the previously measured
memory span for this material was also 4.3
symbols.

The explanation for these results is that the
visual image of the stimulus persists for a short
time after the stimulus has been turned off, and
that the subjects can utilize this rapidly fading
image. In fact, naive subjects typically believe
that the physical stimulus fades out slowly.

The visual basis of this very short-term infor-
mation storage can be demonstrated more con-
vincingly by comparing two different kinds of
stimulus presentation. In the first type, the pre-
and post-exposure fields are dark; in the second,
the pre- and post-exposure fields are light. Itis
well known that the first kind of presentation
can produce persisting after-images of the
stimulus and the second kind of presentation
does not. Stimuli of 18 letters were exposed for
50 msec. After a variable delay following the
exposure, any one of six different tonal combina-
tions was presented to indicate the particular
letters to be reported. The results of the partial
report procedure applied to these stimuli are
shown in Fig. 1.

The reader will recall the procedure for esti-
mating the number of letters available to the
subject. The fraction of letters reported cor-
rectly in random samples (partial reports) of the
stimulus is multiplied by the number of letters
in the stimulus. These values are indicated by
the ordinates of Fig. 1. The abscissa indicates
the time after the exposure at which the instruc-
tion calling for the partial report was given.
Figure 1 shows that letters in excess of the
memory span were available to the subject
for one-half second when the pre- and post-
exposure fields were light, and for neatly five
seconds when the pre- and post-exposure
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fields were dark. The exposure itself was
exactly the same in each case. The ability of
noninformational visual fields occurring be-
fore and after the stimulus to control the ac-
curacy of partial reports strongly suggests their
dependence on a persisting visual image. Con-
versely, the number of letters given in the usual
immediate-memoty report is almost indepen-
dent of the exposure conditions and does not
change appreciably if the subject is required to
delay his report for five seconds (or longer) in-
stead of being allowed to report immediately.
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Fig. 1. Information available to one observer from two

kinds of stimulus presentation, The right ordi-
nate is the average accuracy of énrtial reports;
the left ordinate is the inferred store of avail-
able letters, Average immediate-memory span
for both presentations and for 0.0 and 5.0 sec
delay of report is indicated at right. Stimulus
exposure is schematically indicated at lower
l1e9fgb)(Redrawn from Averbach and Sperling,

Therefore, the number of letters given in mem-
oty repotts can be presented by a single bar in
Fig. 1.

The short-term memory for letters in excess
of the immediate-memory span will be called
visual information storage (VIS). Some estab-
lished properties and some hypotheses regard-
ing VIS are listed below.

(1) The effective input for VIS is a local
change in retinal light intensity. ‘The con-
tents of VIS depend on visual stimulation.
Such factors as stimulus intensity, con-
trast, duration, pre- and post-exposure
fields, etc., are particularly important.
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(2) The contents of VIS can become available
to subsequent components of the model
as a sequence of items through “scan-
ning” or “read-out.”

(3) VISistwo-dimensional(for example, con-
tents can be scanned either in a vertical or
horizontal sequence).

(4) Maximum information in VIS is at least
17 letters when measured with stimuli
containing 18 letters. Stimuli containing
more than 18 letters would probably have
yielded higher estimates. However, the
resolution is disturbed when items that
can be resolved individually are spaced
too closely together.
Subsequent stimuli can replace or inter-
fere with the previous VIS contents (see
below). This process is not the passive
addition of a new stimulus to the fading
trace of its predecessor but the active re-
placement of an earlier stimulus by a later
one (Spetling, 1960a).

(6) Contents of VIS normally decay rapidly,
decay times varying from a fraction of 2
second to several seconds.

(7) Long dutrations of visual storage can oc-

“cur in the form of after-images which ap-
pear to move when the eye moves and
therefore are probably localized in the
retina, It has not been determined how
the central nervous system is involved in
the kind of VIS discussed here.

(8) Itis tempting to speculate on the purpose
of VIS because its properties seem so well
suited to the requirements of a system like
the eye, which processes information in
temporally discrete chunks. The function
of the persistence (the storage aspect of
VIS) seems to be to maintain a visual
image from one fixation of the eye to the
next. The function of erasure is to permit
the new image following a saccad to
overwrite the trace of the previous one
without interference to itself and also to
““erase’ the blur resulting during move-
ment of the eye. The minimum dutration
of storage that has been recorded (} sec)

®)
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is still long enough to preserve the image
between eye movements. The minimum
time between saccads is typically too long
toallow the image produced by the second
saccad to interfere with more than the tail
end of the image produced by the first.
Thus VIS acts as a buffer which quickly
attains and holds much information to
permit its relatively slow utilization later.
VIS also segregates and isolates from each
other successive bursts of visual informa-
tion (e.g., images).

Il. SCANNING

In order to determine the rate at which infor-
mation can be utilized, it is necessary to gain
precise control of actual stimulus availability,
that is, the contents of VIS. This cannot be
accomplished by controlling exposure duration
alone. No matter how brief a single stimulus
flash may be, if it is of sufficient contrast for easy
legibility of letters, then it will be available for
about a quarter of a second or longer.

The idea that stimulus duration does not
determine stimulus availability is not new. For
example, in 1868, Exner published a psycho-
physical study of the apparent duration of short
flashes in which he found that short flashes exert
their effect over a considerable time span. Baxt
(1871), also working in Helmhlotz’s laboratory,
performed a logical sequel to this work. He
followed the stimulus exposure after a delay
with a bright second flash which was intended
to obliterate the persisting after-image of the
stimulus.; In one of his experiments he used a
stimulus flash of 5.0 msec and a bright second
flash of 120.0 msec duration. Observers viewed
stimuli of 6 or 7 printed letters and reported the
number of letters they could see with various
time delays between the two flashes. Fig.2 con-
tains a graph that I prepared from Baxt’s tabular,

The method of Baxt was described by Ladd (1887)
anti James (1890) in their textbooks but it is no longer
well known. Consequently, it has been rediscovered,
recently by Lindsley and Emmons (1958), Gilbert (1959)
and by the author.
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introspective data. The abscissa represents the
time from the onset of the stimulus to the onset
of the “interfering” second flash; essentially,
this is the time that the observer had to look at
" the stimulus. The ordinate represents the num-
ber of letters the observer said he could see. The
parameter is the intensity of the interfering flash
in terms of the atrrangement that produced the
intensity (three, two, or one lamps, one lamp
far). The slope of the data points show that

10 MSEC./LETTER

7

INTERFERING STIMULUS
I LAMP(NEAR)

1 LAMP (FAR)
»

B2 LAMPS

3 LAMPS

LETTERS SEEN

FROM BAXT, 1871

1 I

10 20 30 40 50 60
DELAY OF INTERFERING STIMULUS (MSEC)

Fig. 2. The number of letters seen as a function of the
delay between the onset of a 5.0 msec lettered
stimulus and a 120 msec blank interfering
stimulus. The parameter is the intensity of the
interfering stimulus. The time course. of the
lettered stimulus is indicated at the lower left,
(Based on the protocols of Baxt, 1871)

Baxt could see an additional letter for approxi-
mately each 10 msec of delay of the intetfering
flash.

The data of Fig. 2 were obtained with dark
letters on a white background. Baxt obtained
similar results when viewing light letters on a
dark surround. He himself did not notice the
simple relation of, constant slope, perhaps be-
cause he did not graph his results.

Baxt’s results show that the minimum delay at
which detection of a letter is first possible de-
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pends on the intensity of the interfering second
flash. This flash exerts its intetfering effect more
rapidly when it is more intense. A similar situa-
tion occurs in masking experiments. Anintense
masking flash can cause marked threshold
changes for detection of a test flash even when
the test precedes it by as much as forty msec.
Had Baxt used hundreds of lamps instead of just
three for his brightest interfering stimulus, the
mimimum delay necessary for detection of a
letter might have been increased from 20 msec
(with three lamps) to 40 msec or more.

The tesults of Baxt’s 2-flash experiment are
more reasonable than those of the single flash
experiments. It will be recalled that teducing
the duration of a single flash reduced the ap-
parent contrast of the exposed letters but the
number reported cotrectly did not change with
exposure duration per se except at ridiculously
short exposures. It does not make sense to con-
clude, for example, that if four letters can be read
from a single exposure of one msec that the time
for reading a letter is } msec. Nevertheless,
even the scanning rate of one letter per 10 msec
(or 100 letters/sec) in Baxt’s experiment seemed
so remarkably fast that it seemed worthwhile
to attempt to reproduce some of Baxt’s condi-
tions. With certain reservations, comparable
results were obtained. Some minor changes
intended to improve the procedure were also
tried. Subjects were tequired to report letters
and were scored for the number correct. (Baxt
had asked his obsetver only to say whether ot
not he saw a letter.) The blank second field was
replaced with a visual “noise” field, consist-
ing of densely scattered bits and pieces of
letters. The noise stimulus is much more
effective interference than a homogeneous
field. For example, letter detection is virtually
stopped when the noise and letters are viewed
simultaneously at the same intensity. Baxt’s
procedure tequires a second flash many times
more intense than the stimulus to achieve com-
parable interference.

The main objection to Baxt’s procedure, how-
ever, is a surprising one: I found that the second
flash may produce a cleatly visible negative
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after-image of the first stimulus and thereby
indirectly fail to stop its persistence. In fact, in
certain conditions of presentation, the blank
interference produced a negative after-image of
the stimulus without a prior positive image
being seen (Sperling, 1960c). Ironically, here is
a case of simultaneous perfect interference (the
positive stimulus is completely invisible) and of
petfect persistence (all the stimulus information

PRE -EXPOSURE
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flashes presumably ended visual availability of
the stimulus sooner than dim flashes. One ob-
vious question that needed to be answered was
“is the scanning rate the same no matter when
the scan begins.” If it were, then this would
provide more confidence in the method.

To delay scanning, we used two different
pre-exposure fields. One was a dark field which
presented no visual recovery problem and the

EXPOSURE

Fig. 3. Two kinds of stimulus presentations modified from the method of Baxt. The sequence of stimuli on a trial
is indicated from left to right. The luminance of the lettered stimulus was 31 Ft-L.; of the visual noise,

20 Fe-L.

is available in the after-image). Use of the noise
field as the interfering stimulus mitigated this
ptoblem somewhat since even an after-image of
the stimulus is better hidden by the noise. How-
ever, such paradoxical effects as simultaneous
interference with and yet persistence of infor-
mation, certainly argue for caution in inter-
preting the results of Baxt-type experiments.
Using the noise technique, we sought further
clarification of the Baxt procedure. Baxt’s
results were that the scan rate is the same no
matter when the scan is ended. That is, bright

other a noise field. Fig. 3 illustrates the sequence
in each of the two kinds of presentations. Inthe
first, the pre-exposure field is dark. Itisfollowed
by an exposure of variable duration, which is
then terminated by a noise post-exposure field.
In the second kind of presentation, the pre-
exposure field is noise, followed by an ex-
posure of variable duration, which is then also
terminated by 2 noise post-exposure field. The
number of letters in the stimuli was varied from
two to six in order to check for possible spatial
location effects. Data were obtained with two
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subjects. Fig. 4 illustrates the results for the
less variable subject.

The data of Fig. 4 indicate that the subject
gained information from the various stimuli at
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The number of letters correctly reported as a
function of the delay between the onset of a
lettered stimulus and an interfering visual
“noise’ stimulus. The number of stimulus
letters was also varied. The pre-exposure field
was either dark or ‘‘noise.”

the rate of one letter per 10 msec and that this
rate was independent of the number of letters in
the stimulus or of the pre-exposure field. When
the pre-exposure field was dark, the subject
began to gain information almost immediately
upon stimulus exposure. It took this subject
about 20 msec to recover from pre-exposure to
visual noise. Once she was able to scan, the rate
was still about one letter per 10 msec. These
results support the hypothesis that pre-exposure
could change the time at which a scan begins
but not its rate.

Various other pre-exposure fields have also
been tried. For example, with a pre-exposure
field 100 times brighter than the stimulus field,
scanning may be delayed for over 100 msec.
Once the stimulus letters become legible, they
are scanned at comparable rates. A serious
problem in this kind of experiment is that it is
very difficult to insure that all letters fall upon
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retinal locations which recover sensitivity at
the same rate. This particular procedure there-
fore has not been pursued in detail. Preliminary
data also indicated that rate of scanning was but
slightly reduced when the stimulus intensity was
reduced to 735 of its prior level, Other factors
such as stimulus size, geometry, and contrast
have not yet been studied to see how they affect
the scan rate.

The point of all these experiments is that,
under a variety of conditions, random letters of
good contrast are scanned at the same rate;
typically, about one letter per 10 msec. However
this holds true only for the first three or four
letters to be scanned. Fig. 5 shows data obtained
with the same two subjects viewing a datk pre-
exposure field and a noise post-exposure field.
One subject reported three, the other four letters
in the first 50 msec of exposure. Additional
stimulus exposure from 50 msec to 100 msec
accounted for about one or two additional
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Fig. 5. The number of letters reported correctly as a
function of the exposure duration or equi-
valently,the delay of the post-exposure visual
“noise” interfering stimulus. The pre-ex-
posure field was dark.

letters. Beyond 100 msec the rate of acquiring
additional letters is so low as to be virtually
indistinguishable from zero on this time scale.
Additional data points would have shown the
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critical break in the curve to occur well before
100 msec.

This kind of experiment perhaps more clearly
than any other defines an immediate-memory
span for visual materials. Letters up to the im-
mediate-memory span can be scanned at a rate
of one letter per 10 or 15 msec. This is so rapid
that the rate of acquiring additional lettets
beyond the immediate-memory span is negli-
gible by compatison.

lll. REHEARSAL AND AUDITORY
INFORMATION STORAGE

In the last two sections it was shown (1) that
letters are visually available to an observer
during and after a brief exposure and (2) that
they need not be visually available for more than
10 to 15 msec per letter in order to be reported
correctly. Yet, the observer usually does not
begin his report until several seconds after the
exposure, long after his visual store of letters is
depleted. In fact, he can delay his report for an
additional 30 seconds or more without any loss
of accuracy. What are the characteristics of this
later, long term memory ?

Oneimportant clue is obtained from the kinds
of errors subjects make. In writing down sym-
bols from a brief stimulus, subjects frequently
make auditory confusions; that is, writing D
for T, T for 2 and so on. On questioning, sub-
jects assert that they indeed do “say” the letters
to themselves ptior to report. This kind of be-
havior is represented in the model by rehearsal
(saying the letters to oneself) and by auditory
information storage (hearing the rehearsed let-
ters). The properties of auditory information
storage (AIS) are in some respects similar to
those of VIS. The main functional difference
between AIS and VIS in these experiments is the
possibility of feeding information already in
AIS back into storage again by rehearsal.

The various components of the model and
their interactions are represented in Fig, 6. The
model illustrates that a visual stimulus is first
stored in VIS, then scanned and rehearsed. The
rehearsal component has two inputs: items scan-
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ned from VIS and those heard in AIS. Only one
input is rehearsable at any one time and it prob-
ably takes a short time to switch from one input
modality to the other (cf. Broadbent, 1956,
1958). The rehearsal component produces a
verbal response “audible” in AIS or a vocal
response audible to another person and in-
directly also in AIS.

It will be suggested below that rehearsal can-
not proceed faster than about ten syllables per
second. Scanning itself may initially be ten
times faster, 100 items per second. The differ-
ence between the rates of scanning and rehearsal
poses a real problem. To account for this
difference, it tentatively will be assumed that

RESPONSE  SOUND

LIGHT
PATTERN

Fig. 6. A schematic model for short-term memory
tasks. VIS=visual information storages R=
rehearsal component, AlS=auditory informa-
tion storage. See text for details.

items may accumulate very briefly in the scan
path or rehearsal component until they can
be rehearsed.; Two scan arrows are drawn
from VIS to Rehearsal to represent the assumed
temporal overlap in the scan of successive
items.

The rehearsed items are maintained in AISat

5 Another possible assumption is that there is an error
in the interpretation of scan experiments using a Baxt
type of stimulus f)rescntation. Two attempts were made
to measure directly the stimulus persistence (availability).
In the first attempt, the partial report procedure was ap-
plied toa Baxt presentation. It was not successful because
subjects’ performances tended to deteriorate in all re-
spects. In the second procedure, the apparent duration
of the visual stimulus was compared to the duration of
various simultaneous acoustic signals. For example, a
Baxt stimulus presentation from which four letters could
usually be read (letter duration= 50 msec) was matched
to acoustic stimuli of roughly comparable duration. In
such comparisons, it is quite obvious that the apparent
duration of the visual letters is a small fraction of a
second. Although this is a subjective judgment, it has
strong face validity. The result only affirms that the
scan rate can be much more rapid than rehearsal.
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least for several seconds during which time they
are usually rehearsed again. Finally, when a
tesponse is required, the letters are either re-
hearsed again as they are being written or, if they
are spoken aloud, the feedback loop may be
closed externally as well as internally—the
spoken sound re-entering AIS.

In summary, there are at least three sources of
information for auditory storage: (1) an actual
acoustic stimulus, (2) rehearsal of information
already in AIS, (3) the scanning process—it is
assumed that observers hear themselves make
a verbal response as they scan.

Evidence

In this model, the auditory components as-
sume the major burden of short term visual
memory. Data relevant to the auditory part of
the model are difficult to obtain because audition
involves higher order processes. There are
some data, however, which come from three
kinds of expetiments: (1) experiments that
measure AIS directly by using auditory stimuli,
(2) experiments that seek to measure rehearsal
by instructing subjects with regard to rehearsal,
and (3) experiments that use interfering stimuli
to interfere selectively with some aspects of the
process and thereby reveal othets. I shall con-
sider these approaches in order.

(1) Auditory information storage. Our common
experience leaves little doubt of the fact that
there is auditory information storage. If, for
example, one is spoken to while occupied with
another task, one may continue working for a
few moments and yet still be able to recover the
message later. Two kinds of recent experiments
illustrate this type of auditory storage especially
well. In the first kind of experiment the subject
is presented with several stimuli at once. Fot
example, Broadbent (15972) produced a spoken
sequence of digits at the subjects’ ears, with
different digits being spoken simultaneously
into each ear. When digits were spoken rapidly,
subjects could not shift their attention back and
forth from one ear to the other with each pair
of spoken digits. Rather, they could only report
all the digits heard at one ear first and then at-

A4
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tempt to report the digits—if any—that were
still audible at the other ear. This ingenious
procedure excludes the possibility of any simul-
taneous recoding of the inputs at both ears. It
thereby forces the subject to rely directly upon
AIS.

The second kind of experiment (Anderson,
1960) was a direct application to audition of the
partial report procedure previously used to
méasure visual storage. A list of 12 letters in
three groups of four each was read to subjects.
At various times later, an instruction signal was
given the subjects to indicate the particular
gtoup to be reported. Anderson’s results can
be interpreted in terms of auditory storage to
mean that initially subjects had about 10 letters
available. Accuracy of report deteriorated most
rapidly during the first five seconds after the
presentation and slowly thereafter. Other fac-
tors, such as unlimited oppottunity for reheatsal
and differential recall for certain groups of letters
indicate that more than simple AIS was prob-
ably involved. All in all, both experiments
demonstrate an auditory information storage
capable of retaining information before it has
been acted upon and whose contents decay
during a period of many seconds.

(2) Rebearsal. The role of rehearsal in memory
is a problem that psychologists—with a few
exceptions—have hoped would solve itself if
only they ignored it sufficiently. Rehearsal is
not quite so intractable to measurement as many
of us were brought up to believe. For example,
subjects may be asked to say a particular se-
quence of letters as fast as they can and to use a
stop-watch to time themselves for the task.
They may also be asked to say the lettets to
themselves without producing any sound and
to time themselves as before. Subjects under-
stand this second instruction without difficulty.
Elapsed times are about three syllables per sec-
ond for unfamiliar letter sequences spoken
aloud. Silent rehearsal is slightly faster. The
maximum rate for highly familiar sequences is
about 10 syllables per second.

More controlled and somewhat similar studies
of rehearsal were conducted by Brown (1958),
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Peterson and Peterson (1959) and by Murdock
(1961). In the Petersons’ experiment, subjects
were initially presented with a sequence of
letters. They were then told to rehearse them
out loud in time with 2 mettonome at two letters
per second. Other subjects were given an
equivalent time duration that could be used for
silent rehearsal. The length of time allowed for
tehearsal was varied. Following the initial
rehearsal period, the subjects were put to a task
intended to interfere with further rehearsal, such
as counting backwards. Those subjects who
had most time for initial rehearsal—aloud or
silent—recalled best, accuracy being propor-
tional to rehearsal time. Spoken rehearsal was
more effective than silent rehearsal, a result that
will be encountered again below.

These experiments indicate that a short period
of rehearsal after an auditory stimulus presenta-
tion facilitates later recall. An interpolated
petiod of non-rehearsal interferes with recall as
does the competing auditory stimulus of hearing
oneself saying irrelevant material,

(3) Interference. Brown (1958) sought to inter-
fere with rehearsal by requiring his subjects to
read digits aloud. Peterson and Peterson (1959)
made their subjects count backwards between
stimulus presentation and recall, These inter-
polated tasks produced a decrease in accuracy
of recall which was interpreted as due to the
interference of counting with rehearsal. The
longer the period of counting, the less accurate
the recall, presumably because of the fading of
the rehearsed letters in auditory storage and the
accumulation of interfering auditory stimuli.
Brown had previously noted that interpolated
silence (which permits rehearsal) does not have
a comparable destructive effect on recall.g

To a certain degree, even when he is counting
backwards, the subject’s cooperation is needed
forinterference with his rehearsal. Heis in effect

asked to devote himself fully to the task of

counting and to neglect completely the task of
recall. It would be desirable to find a method of

¢ Brown, J. Immed;'ale Memory. Doctoral thesis, Uni-
versity of Cambridge, 1955, Cited in Broadbent (1958),
p.225. See also Averbach and Spetling (1960).
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interference whose success did not depend upon
thesubject’s cooperation—a method comparable
to Baxt’s method of eliminating visual persist-
ence. Towatrds this end, I constructed two diffez-
ent acoustic stimuli which might intetfere with
rehearsal by providing a competing input to AIS.
The first of these was a loud noise at 90 dB SPL,
analogous to Baxt’s intetfering field. The second
interfering stimulus was a recording of the sub-
ject’s own voice speaking letters at a rate of
6/sec, also at 90 dB. This stimulus is analogous
to visual noise. At each trial, either silence or
one of these extremely loud stimuli was played
into the subject’s ears, beginning before stimulus
exposure and continuing until after report.

The number of letters subjects reported cor-
rectly was the same in noise and in silence, and
only very slightly lower for the speech inter-
ference although the difference was statistically
significant (Sperling, 1962). Two supplemen-
tary observations were made which elucidate the
failure of the interpolated stimuli to interfere
with recall. First, the subjects described the task
as one of selective listening, that is, of hearing
the speech interference as localized at the ears
and their rehearsal as localized inside the head.
The speech interference accentuates the subjec-
tive aspect of listening to rehearsal so that even
subjects who are not normally cognizant of the
auditory aspect become so.

The second observation was that normally
silent subjects, when listening to speech inter-
ference, frequently mouthed or even spoke the
letters out loud during the period between the
stimulus exposure and writing down the re-
sponse. This overt behavior reflects an effort
to accentuate and emphasize the rehearsal. The
conclusion therefore is that speech and perhaps
also noise do interfere but that subjects can ac-
centuate their rehearsal in order to cope success-
fully with the interference.

Summary of Hypotheses about Auditory
Information Storage (AlS) and Rehearsal

(1) The primary input to AIS is sound. The
contents of AIS probably depend on sound in-
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tensity, complexity, background, etc., A sec-
ondary and possibly less effective input is by re-
hearsal.

- (2) AIS is locally one-dimensional and direc-
tional. That is, a string of letters is stored in
sequence and it can be recovered only in that
sequence. However, one string of letters may
be localized at the left ear and another simul-
taneous string of letters may be localized at the
right ear. Thus, although each stored string of
letters is individually one-dimensional, the
simultaneous imbedding of many strings in
storage implies a very complex overall structure
for AIS.

(3) At least 10 non-rehearsed items can be
maintained momentarily in AIS. They are pro-
bably grouped into several strings.

(4) The contents of AIS decay slowly relative
to VIS. Rehearsal of items appears to lengthen
their subsequent decay times but it also brings
into play more complex mechanisms for long
term memory via association which are beyond
the scope of this paper.

(5) The contents of AIS, VIS, and of any
comparable system in other modalities may be
rehearsed. That is, a verbal response is made to
items in the storage and this verbal response,
which may or may not be audible to another
person, is an input to AIS. When a stimulus
consists of 2 number of cleatly identifiable items,
then the characteristics of the AIS-Rehearsal
loop will probably be the limiting factor in the
immediate-memory span for this stimulus.

(6) Rehearsal usually proceeds at a rate of
about 3 syllables per second and cannot proceed
faster than about 10 syllables per second.

(7) Only one item may be rehearsed at a time.
The interval between the rehearsal of successive
items is longer if they are not taken from the
same sense modality.

7. Wundt(1912) provides an insightful and provocative
analysis of auditory memory for patterns of metronome
beats. Wundt could maintain in his consciousness 8
%rhqups of two beats each or 5 groups of eight beats each.

is material was presumably not rehearsed verbally.
Wundt’s introspections would suggest that the contents
of AIS are limited most directly by subjective grouping
(itemizing) and only to a lesser extent by their dutation
ot complexity (information content).
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(8) Subsequent acoustic stimuli can interfere
with the contents of AIS beyond what might be
expected from passive decay. So far, only self-
produced verbal stimuli have shown the effect.
The intetference is most effective against items
that have not been rehearsed and diminishes
with the number of rehearsals. If rehearsal is
permitted during the presentation of interfering
stimuli (recorded, in this case) then the inter-
fetence is bately measurable.g

DISCUSSION

The model is pethaps more useful for organ-
izing data and experiments than for precise pre-
diction because it consists of complex and only
partially specified components. In this respect
it reflects the complexity of its human subject
matter and the limitations of its human designer.

Transient versus Steady-State Informa-
tion Flow

The model was derived only from the “tran-
sient” response of a human to information; that
is, the situation in which he is given a single burst
of information and much time to process it. The
responses to a ““steady-state” or continuous in-
formation input undoubtedly involve further
complications and new processes. For example,
following a brief stimulus exposure, the audi-
toty feedback loop from AIS through Rehearsal

g Broadbent (1957b, 1958) has suggested several
models for immediate-memory. While a brief discussion
cannot do justice to his ingenious and stimulating pro-

osals, it is worthwhile to indicate some of the major
similarities and differences. The obvious, basic similari-
ties are the possibility of storage of untecoded informa-
tion and the recognition of a reheatsal loop. The differ-
ences lie in the nature and subdivision of these functions
and are undoubtedly due in patt to the different sets of
data which each account seeks to explain, In the present
model, items (ot stimuli) circulate in the tehearsal loop
while Broadbent specifically states that information (not
items) circulates, g’hc present account assutnes one re-
heatsal loop and one store for rehearsed material, not
several of each. Here VIS and AIS are identified in detail
from introspective and direct experimental data while in
Broadbent’s models, storage of unrecoded information
is of a more inferential and hypothetical nature—it can
even be by-passed entirely. Broadbent is especially con-
cerned with the case of simultaneous or conflicting in-
puts. He does not consider the special problem of scan-
ning in vision nor make comparable distinctions between
the processing of visual and of acoustic stimuli; etc.
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was of primaty significance in recall. Visual
processes in recall may come to be of importance
only with longer exposures. Perhaps this is
because following a brief stimulus exposure,
most people cannot create in themselves a visual
feedback loop, but they can in effect do so during
a continuous stimulus exposure by looking
repeatedly at certain aspects of the stimulus.
This example emphasizes another difficulty in
the understanding of steady-state observation
conditions. Namely, the sequential flow of in-
formation into the observer may depend on his
own actions so that every complexity and nuance
of human judgment and decision making must
be considered in a complete steady-state model.
On the other hand, some complex tasks have
been devised so that a continuous verbal proto-
col is available—the subject thinks out loud so-
to-speak (e.g., Newell and Simon, 1961). In
such tasks, the knowledge of how many and for
how long the subject’s past utterances are avail-
able to him in AIS may well be of significance in
the understanding of the process of decision
making or “thinking.”

Keeping in mind the restriction of the model
to “transient” responses, it is still possible to
make some hypotheses about the mechanisms
underlying humans’ response to complex dis-
plays and some tentative suggestions on how to
improve their response.

(1) Independence of the immediate-memory span.
Because of verbal rehearsal, humans transmit
items, not bits, The limit on the number of
items depends on such factors as the code (e.g.,
syllables per item) and upon the individual
characteristics of the AIS-Rehearsal loop (e.g.,
AIS decay time). In so far as these are indepen-
dent of the input modality of the stimulus, the
information limitations in human responding
will be independent of sense modality.

(2) High information requirements. Even in a
brief exposure a human can take in much more
information than he can ultimately transmit.
Byscanning and rehearsal he effectively samples
an uncoded form of the input in VIS and AIS.
In many practical situations one cannot dictate
to the observer what aspects of the stimulus to
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sample. For example, in order to provide cus-
tomer satisfaction, a television picture may have
to contain information to match the enormous
capacity of VIS and not merely the small amount
of information transmitted in a sample from it.
On the other hand, in other contexts it may be
economical to keep the displayed information
at the transmission (and not the storage) level.
(3) Rapid reading. Observers can extract small
numbers of items very quickly from visual
stimuli; 10 to 15 msec per letter is a typical rate
for the first three or four items. In the absence
of interfering stimuli, even 2 microsecond flash,
if it is seen clearly, will usually be visually avail-

- able for many times the length of time needed to

extract the items up to the immediate-memory
span. To transmit the maximal information
from a brief exposure of a visual display, there-
fore, the display should be coded into about four
symbols (e.g., digits) to take advantage of the
rapid scan capability. Of coutse, other consid-
erations such as the kind of errors may indicate
other kinds of displays. Insteady exposures, the
rate of item utilization is usually not limited by
visual factors but by the rehearsal process to a
rate of 10 syllables per second or slower.

(4) Non-susceptibility to auditory interference.,
One useful if obvious result is that propetly
motivated subjects can perform visual memory
tasks during extreme auditory interference and
show almost no performance decrement. Speci-
fically, subjects can perform without loss in
90 dB noise and almost without loss when barely
tolerable levels of speech (recorded letters
spoken by themselves) are being ‘“shouted”
into their ears. For practical purposes, there-
fore, it may be assumed that the number of
letters reported from a brief exposure will be the
same under optimal or adverse conditions.

(5) Auditory simplification. In order to facili-
tate performance and to avoid errors in visual
monitoring tasks, telephone dialing, etc., it is
necessary to consider the task from the auditory
point of view as well as the purely visual. All
possible outcomes should be given names that
are easy to rehearse and not likely to be confused.
The Jaissex-faire practice of allowing the operator
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to develop his own terminology is not recom-
mended. When only numerals are involved,
there is no problem as these are quite distinct.
But we have found, for example, that subjects
requited to memorize sequences of the letters
B,P,D,T, etc., do not do as well as when con-
fronted with an equivalent sequence of letters
which do not sound so much alike. Frequently,
complex tasks which do not appear to involve
audition can be simplified and made less suscept-
ible to errors by means of an appropriate code
that will ease the auditoty memory load (in
syllables) and help to avoid auditory confusions.
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