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ow much can be seen in a single brief

exposure ? This is an important prob-
lem because our normal mode of seeing
greatly resembles a sequence of brief ex-
posures. Erdmann and Dodge (1898)
showed that in reading, for example, the
eye assimilates information only in the brief
pauses between its quick saccadic move-
ments, The problem of what can be seen
in' one brief exposure, however, remains
unsolved. The difficulty is that the simple
expedient of instructing the observer of
a single brief exposure to report what he
has just seen is inadequate. When complex
stimuli consisting of a number of letters are
tachistoscopically presented, observers enig-
matically insist that they have seen more
than they can remember afterwards, that
is, report afterwards.® The apparently
simple question: “What did you see?” re-
quires the observer to report both what he
remembers and what he has forgotten.

! This' paper is a condensation of a doctoral
thesis (Sperling, 1959). For further details,
especially on methodology, and for individual data,
the reader is referred to the original thesis, Itis a
pleasure to acknowledge my gratitude to George A.
Miller and Roger N. Shepard whose support made
this research possible and to E. B. Newman, J.
Schwartzbaum and S. S. Stevens for their many
helpful suggestions, Thanks are also due to Jerome
S. Bruner for the use of his laboratory and his
tachistoscope during his absence in the summer
of 1957. This research was carried out under
Contract AF 33(038)-14343 between Harvard Uni-
versity and the Operational Applications Labo-
ratory, Air Force Cambridge Research Center, Air
Research Development Command.

2 Now at Bell Telephone Laboratories, Murray
Hill, New Jersey.

3 Some representative examples are: Bridgin
(1933), Cattell (1883), Chapman (1930), Dallen-
bach (1920), Erdmann and Dodge (1898), Glanville
and Dallenbach (1929), Kiilpe (1904), Schumann
(1922), Wagner (1918), Whipple (1914), Wil-
cocks (1925), Woedworth (1938).

The statement that more is seen than can
be remembered implies two things. First,
it implies'a memory limit, that is, a limit
on the (memory) report. Such a limit on
the number of items which can be given
in the report following any brief stimulation
has, in fact, been generally observed; it is
called the span of attention, apprehension,
or immediate-memory (cf. Miller, 1956b).
Second, to see more than is remembered
implies that more information is available
during, and perhaps for a short time after,
the stimulus than can be reported. The
considerations about available information
are quite similar, whether the information is
available for an hour (as it is in a book
that is borrowed for an hour), or whether
the information is available for only a frac-
tion of a second (as in a stimulus which
is exposed for only a fraction of a second).
In either case it is quite probable that for a
limited period of time more information
will be available than can be reported. It
is also true that initially, in both examples,
the information is available to vision.

In order to circumvent the memory limita-
tion in determining the information that
becomes available following a brief ex-
posure, it is obvious. that the observer must
not be required to give a report which
exceeds his memory span. If the number of
letters in the stimulus exceeds his memory
span, then he cannot give a whole report
of all the letters. Therefore, the observer
must be required to give only a partial re-
port of the stimulus contents. Partial re-
porting of available information is, of
course, just what is required by ordinary
schoolroom examinations and by other .
methods of sampling available information. -

An examiner can determine, even in a
short test, approximately how much the
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student knows. The length of the test is
not so important as that the student not be
told the test questions too far in advance.
Similarly, an observer may be “tested” on
what he has seen in a brief exposure of a
complex visual stimulus. Such a test re-
quires only a partial report. The specific
instruction which indicates which part of
the stimulus is to be reported is then given
only after termination of the stimulus. On
each trial the .instruction, which calls for
a specified part of the stimulus, is randomly
chosen from a set of possible instructions
which cover the whole stimulus. By re-
peating the interrogation (sampling) pro-
cedure many times, many different random
samples can be obtained of an observer’s
performance on each of the various parts
of the stimulus. The data obtained thereby
make feasible the estimate of the total in-
formation that was available to the observer
from which to draw his report on the aver-
age trial.

The time at which the instruction is given
determines the time at which available in-
formation is sampled. By suitable coding,
the instruction may be given at any time:
before, during, or after the stimulus presen-
tation. Not only the available information
immediately following the termination of
the stimulus, but a continuous function
relating the amount of information available
to the time of instruction may be obtained
by such a procedure.

Many studies have been conducted in
which observers were required to give
partial reports, that is, to report only on
one aspect or one location of the stimulus.
In prior experiments, however, the instruc-
tions were often not randomly chosen, and
the set of possible instructions did not
systematically cover the stimulus. The no-
tions of testing or sampling were not ap-
plied.* It is not surprising, therefore, that

4 The experiments referred to are (cf. Sperling,
1959) : Kiilpe (1904), Wilcocks (1925), Chapman
(1932), Long, Henneman, and Reid (1953), Long
and Lee (1953a), Long and Lee (1953b), Long,
Reid, and Garvey (1954), Lawrence and Coles
(1954) Adams .(1955), Lawrence and Laberge
(1956), Broadbent ( 1957a)

estimates have not been made of the total
information available to ‘the observer fol-
lowing a brief exposure of a complex
stimulus. Furthermore, instructions have
generally not been coded in such a way as
to make it possible to control the precise
time at which they were presented. Con-
sequently, the temporal course of available
information could not have been quantita-
tively studied. In the absence of precise
data, experimenters have all too frequently
assumed that the time for which informa-
tion is available to the observer corresponds
exactly to the physical stimulus duration.
Wundt (1899) understood this problem
and convincingly argued that, for extremely
short stimulus durations, the assumption
that stimulus duration corresponded to
the duration for which stimulus informa-
tion was ‘available was blatantly false, but
he made no measurements of available
information.

The following experiments were con-
ducted to study quantitatively the informa-
tion that becomes available to an observer
following a brief exposure. Lettered stimuli
were: chosen because these contain a rela-
tively large amount of information per item
and because these are the kind of stimuli
that have been used by most previous in-
vestigators. The first two experiments are
essentially control experiments; they at-
tempt to confirm that immediate-memory
for letters is independent of the parameters
of stimulation, that it is an individual
characteristic. In the third experiment the
number of - letters available immediately
after the extinction 6f the stimulus is de-
termined by means of the sampling (partial
report) procedure described -above. The
fourth experiment explores decay of avail-
able information with time, The ffth
experiment examines some exposure param-
eters. In the sixth experiment a technique
which fails to demonstrate a large amount
of available information is investigated.
The seventh experiment deals with the role
of the historically important variable: order
of report. :
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GENERAL METHOD

Apparatus. The experiments utilized a Gerbrands
tachistoscope.® This is a two-field, mirror tachisto-
scope (Dodge, 1907b), with a mechanical timer.
Viewing is binocular, at a distance of about 24
inches. Throughout the experiment, a dimly il-
luminated fixation field was always present,

The light source in the Gerbrands tachistoscope
is a 4-watt fluorescent (daylight) bulb. Two such
lamps operated in parallel light each field. The
operation of the lamps is controlled by the micro-
switches, the steady-state light output of the lamp
being directly proportional to the current. How-
ever, the phosphors used in coating the lamp con-
tinue to emit light for some time after the cessation
of the current. This afterglow in the lamp follows
an exponential decay function consisting of two
parts: the first, a blue component, which accounts
for about 40% of the energy, decays with a time
constant which is a small fraction of a millisecond ;
the decay constant of the second, yellow, component
was about 15 msec, in the lamp tested. Fig. 1

INTENSITY - LINEAR SCALE

N
50 MILLISECONDS PER DIVISION
Fic. 1. A 50-millisecond light flash, such as was

used in most of the experiments. -(Redrawn from
a photograph of an oscilloscope trace)

5 Ralph Gerbrands Company, 96 Ronald Road,
Arlington 74, Massachusetts.

illustrates a 50-msec. light impulse on a linear
intensity scale. The exposure time of 50 msec,
was used in all experiments unless exposure time
was itself a parameter. Preliminary experiments
indicated that, with the presentations used, ex-
posure duration was an unimportant parameter,
Fifty msec. was sufficiently short so that eye
movements during -the exposure were rare, and
it could conveniently be set with accuracy.

Stimulus materials, The stimuli used in this
experiment were lettered 5x8 cards viewed at a
distance of 22 inches. The lettering was done
with a Leroy No. 5 pen, producing capital letters
about 045 inch high. Only the 21 consonants
were used, to minimize the possibility of Ss inter-
preting the arrays as words. In a few sets of cards
the letter Y was also omitted. In all, over 500
different stimulus cards were used.

There was very little learning of the stimulus
materials either by the Ss or by the E. The only
learning that was readily apparent was on several
stimuli that had especially striking - letter com-
binations. Except for the stimuli used for train-
ing, no S ever was required to report the same
part of any stimulus more than two or three times,
and never in the same session.

Figure 2 illustrates some typical arrays of
letters. These arrays may be divided into several
categories: (a) stimuli with 3, 4, 5, 6, or 7 letters
normally spaced on a single line; (b) stimuli with
six letters closely spaced on a single line (6-
massed) ; (¢) stimuli having two rows of letters
with three letters in each row (3/3), or two rows

KLB

RNF
YNX
XMRJ

XVNKH
PNKP
TDR
LQDKKJ SRN
FZR
TIVF
ZYVVFF XLS83
B4w?

Fre. 2. Typical stimulus materials. Col. 1: 3, 5,
6, 6-massed. Col. 2: 3/3, 4/4, 3/3/3, 4/4/4 L&N.
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of four letters each (4/4); (d) stimuli having
three rows of letters with three letters in each
row (3/3/3). The stimulus information, calculated
in bits, for some of the more complex stimuli is
26.4 bits (6-letters, 6-massed, 3/3), 35.1 bits (4/4),
and 39.5 bits (3/3/3).

In addition to stimuli that contained only letters,
some stimuli that contained both letters and num-
bers were used.  These had eight (4/4 L&N,
35.7 bits) and twelve symbols (4/4/4 L&N, 53.6
bits), respectively, four in each row. Each row had
two letters and two numbers—the positions being
randomly chosen, The S was always given a sample
~stimulus before L&N stimuli were used and told
of the constraint above. He was also told that
O when it occurred was the number “zero” and was
not considered a letter. Calculated with these con-
straints, the information in each row of four
letters and numbers (17.9 bits) on such a card
is nearly equal to the information in a row of four
randomly chosen consonants (17.6 bits), even
though there are different kinds of alternatives in
each case.

Subjects, The nature of the experiments made
it mare economical to use small numbers of trained
S's rather than several large groups of untrained Ss.
Four of .the five Ss in the experiment were ob-
tained through the student employment service.
The fifth § (RNS) was a member of the faculty
who was interested in the research. Twelve ses-
sions were regularly scheduled for each S, three
times weekly.

Instructions and trial procedures. S was in-
structed to look at the fixation cross until it was
clearly in focus; then he pressed a button which
initiated the presentation after a 0.5-sec. delay.
This procedure constituted an approximate be-
havioral critérion of the degree of dark adaptation
prior to the exposure, namely, the ability to focus
on the dimly illuminated fixation cross.

Responses were recorded on a specxally prepared
response grid. A response grid appropriate to each
stimulus was supplied. The response grid was placed
on the table immediately below the tachistoscope,
the room illumination being ‘sufficient to write by.
The Ss were instructed to fill in all the required
squares on the response grid and to guess when
they were not certain, The Ss were not permitted
to fill in consecutive X's, but were required to guess
“different letters.”” After a response, S slid the
paper forward under a cover which covered his last
response, leaving the next part of the response
grid fully in view.

Series of 5 to 20 trials were grouped together

without a change in conditions. Whenever con-
ditions or stimulus types were changed, S was
given two or three sample presentations with the
new conditions or stimuli. Within a sequence of
trials, S set his own rate of responding. The Ss
(except ND) preferred rapid rates, In some
conditions, the limiting rate was set by the E's
limitations in changing stimuli and instruction

tones. This was about three to four stimuli per
minute, ‘

Each of the first four and last two sessions
began with and/or ended with a simple task:
the reporting of all the letters in stimuli of 3,
4, 5, and 6 letters. This procedure was under-
taken in addition to the usual runs with these
stimuli to determine if there were appreciable
learning effects in these tasks during the course
of the experiment and if there was, an accuracy

-decrement (fatigue) within individual sessions.

Very little improvement was noted after the second
session, This observation agrees with previous
reports (Whipple, 1914), There was little differ-
ence between the beginning and end of sessions.
Scoring and tabulation of results, Every report
of all Ss was scored both for total number of
letters in the report which agreed with letters in
the stimulus and for the number of letters reported
in ‘their correct positions, Since none of the pro-
cedures of the experiments had an effect.on either
of these scores indepcndcntly of the other, only
the second of these, letters in the correct position,
is tabulated in the results. 'This score, which takes
position into account, i§ less subject to guessing
error,® and in some cases it is more readily inter-

- preted ‘than a score which does not take position

into account, As the maximum correction for
guessing would be about 0.4 letter for the 4/4/4
(12-letter) material—and considerably less for all
other materials—no such correction is made in the
treatment of the data. In general, data were not
tabulated more accurately than 0.1 letter,

Data from the first and second sessions were
not used if they fell below an S’s average per-
formance on these tasks in subsequent sessions.
This occurred for reports of five and of eight
(4/4) letters for some Ss. A similar criterion
applied - in- later sessions for tasks that were
initiated later, In this case, the results of the
first “training” session(s) are not incorporated in
the total tabulation if they lie more than 0.5
letter from S’s average in subsequent sessions,

Experiment 1: Immediate-M emvory

When an S is required to give a complete
(whole) report of all the letters on a briefly
exposed stimulus, he will generally not re-

8 If there are a large number of letters in the
stimulus, the probability that these same letters
will appear somewhere on the response grid, irre-
spective of position, becomes very high whether or
not § has much information about the stimulus.
In the limit, the correspondence approaches 100%
provided only that the relative frequency of each
letter in the response matches its relative fre-
quency of occurrence in the stimulus pack, If the
response is scored for both letter end position, then
the percent guessing correction is independent of
changes in stimulus size,
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port all the letters correctly. The average
number of letters which he does report
correctly is usually called his immediate-
memory span or span of apprehension for
that particular stimulus material under the
stated observation conditions. An expres-
sion such as immediate-memory span
(Miller, 1956a) implies that the number
of items reported by S remains invariant
with changes in stimulating conditions. The
present experiment seeks to determine to
what extent the span of immediate-memory
is independent of the number and spatial
arrangement of letters, and of letters and
numbers on stimulus cards. If this inde-
pendence is demonstrated, then the quali-
fication “for that particular stimulus
material” may be dropped from the term

immediate-memory spah when it is used"

in these experiments.

Procedure. Ss were instructed to write all the
letters in the stimulus, guessing when they were
not certain. All 12 types of stimulus materials
were used. At least 15 trials were conducted with
each kind of stimulus with each S. Each S was
given at least S0 trials with the 3/3 (6-letter)
stimuli which had yielded the highest memory
span in preliminary experiments. The final run
made with any kind of stimulus was always a test
of immediate-memory. This procedure insured that
Ss were tested for memory when they were
maximally experienced with a stimulus,

Results. The lower curves in Fig. 3
represent the average number of letters
correctly reported by each § for each ma-
terial.” The most striking result is that
immediate-memory is constant for each S,
being nearly independent of the kind of
stimulus used. The immediate-memory span
for individual Ss ranges from approxi-
mately 3.8 for JC to approximately 5.2 for
NJ with an average immediate-memory
span for all Ss of about 4.3 letters. (The
upper curves are discussed later.)

The constancy which is characteristic of
individual immediate-memory curves of
Fig. 3 also appears in the average curve for
all Ss. For example, three kinds of stimuli
were used that had six letters each: six
letters normally spaced on one line, 6-

7See Sperling (1959) for tables giving the
numetical values of all points appearing in this and
in all other figures. -

massed, and 3/3-letters (see Fig. 2). When
the data for all Ss are pooled, the scores
for each of these three types of materials
are practically the same: the range is 4.1~4.3
letters. The same constancy holds  for
stimuli containing eight symbols. The aver-
age number of letters correctly reported for
each of the two different kinds of eight
letter stimuli, 4/4, 4/4 L&N, is nearly the
same : 4.4, 4.3, respectively.

Most Ss felt that stimuli containing both
letters and numbers were more difficult
than those containing letters only. Never-
theless, only NJ showed an objective deficit
for the mixed material.

In conclusion, the average number of
correct letters contained in an S’s whole
report of the stimulus is approximately

AVERAGE
ALL SUBJECTS

LETTERS CORRECTLY REPORTED

456 S N T e N
NUMBER OF LETTERS IN STIMULUS

Fic. 3. “Channel capacity curves.” Immediate-
memory and letters available (output information)
as functions of the number of stimulus letters
(input information). Lower curves = immediate-
memory (Exp. 1); upper curves = letters available
immediately after termination of the stimulus;
diagonal lines = maximum possible score (i.e,
input = output)., Code: X = letters on one line;
+ = 6-massed; o = 3/3, 4/4; 5/5; & = 3/3/3;
[0 =4/4 L&N, 4/4/4 L&N.
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equal to the smaller of (a) the number of
letters in the stimulus or (&) a numerical
constant—the span of immediate-memory—
which is different for each S. The use of
the term immediate-memory span is there-
fore justified within the range of materials
studied. This limit on the number of letters
that can be correctly: reported is-an individ-
ual characteristic, but it is relatively similar
for each of the five S's of the study.

Experiment 2: Exposure Duration

The results of Experiment 1 showed that,
regardless of material, Ss could not report
more than an average of about 4.5 items
per stimulus exposure. In order to deter-
mine whether this limitation was a peculiar
characteristic of the short exposure dura-
tion (0.05 sec.), it was necessary to vary
the exposure duration.

Procedure. As in the previous expcnmcnt Ss
were instructed to report all the letters in the
stimulus. " The stimuli were six letter cards (373).
NJ, who was.able to report more than five correct
letters in. .Experiment 1, was given 4/4 stimuli in
order to make a possxble increment in his accuracy
of responding detectable. The Ss were given.10.

tridls ‘in ‘each of the four conditions, :015-, .050-,
-;150= -(.208-), .500-sec. exposure duration, in’ the
order above. Ih a later session, addltlonal trials
were conducted at .015-sec. exposure as a control.

for Experiment 5. These trials are averaged with
the above data,

Results and discussion. Figure 4 111us~
trates the number of letters correctly re-
ported as a function of. the duration of
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exposure. The main result is that exposure
duration, even over a wide range, is not ah
important parameter in determining the
number of letters an § can recall correctly.
Both individually and as a group, S's show
no Ssystematic -changes in ihe. number of
letters correctly reported as the exposure
duration was varied from 0.015 to 0.500 sec.
The invariance of the number of letters
reported as a function of exposure dura-
tions up to about 0.25 sec. for the kind of
presentation used (dark pre- and post-
exposure fields) has long been known
(Schumann, 1904).

Experiment 3: Partial Report

Experiments 1 and 2 have demonstrated
the span of immediate-memory as an in-
variant characteristic of each S. In Experi-
ment 3 the principles of testing in a
perceptual situation that were advanced in
the  introduction are applied in order to
determine whether § has more information
available than he can indicate in his limited
immediate-memory report. _

The S is presented with the stimulus as
before, but he is required only to make a
partial report. The length of this report
is four letters or less, so as to lie within
$’s immediate-memory span. The instruc-
tion that indicates which row of the sfimulus
is to be reported is coded in the form of a
tone. The instruction tone is given after the
visual presentation. The S does not know
until he hears the tone which row is called
for. This is therefore a procedure which
samples the information that § has avail-
able after the termination of the visual
stimulus.

Procedure. Initially, stimulus materials having
only two lines were used, that is, 3/3 and 4/4. The
S was told that a tone would be sourided, that this
tone would come approximately simultaneously
with the exposure, and that it would be either a
high tone (2500 cps) or a low tone (250 cps).
If it were a high tone, he was to write only the
upper row of the stimulus; if a low tone, only
the lower row. He was then shown a sample card
of 3/3 letters and given several high and low
tones. It was suggested that he keep his eyes
fixated on the fixation point and be equally pre-
pared for either tone. It would not be possible to
outguess the E who would be using a random
sequence of tones,
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- The tone duration was approximately 0.5 sec.
The onset of the tone was controlled through
the same microswitch that controlled the off-go of
the light, with the. completion of a connection from
an audio-oscillator to the speaker. Intensity of the
tone was adjusted so that the high (louder) tone
was “loud but not uncomfortable.”

" In each of the first-two sessions, each S re-
ceived 30 training trials with each of the materials
3/3, 4/4. In subsequent sessions Ss were given
series of 10 or more “test” trials. Later, a third,
middle ‘(650 cps) tone was introduced to cor-
respond to the middle row of the 3/3/3 and 4/4/4
stimuli. The instructions and procedure were es-
sentially the same as before.

In any given session, each tone might not occur
with equal frequency for each type of stimulus.
Over several sessions, usually ‘two, this unequal
frequency was balanced out so that an S had an
exactly equal number of high, medium, and low
tones for each material. If an S “misinterpreted”
the tone and wrote the wrong row, he was asked
to ‘write what he could remember of the correct
row. Only those letters which corresponded to the
row indicated by the tone were considered.

.. Treatment of the Data. In the experiments
considered in this section, S is never required to
report the whole stimulus but only one line of a
possible two or three lines. The simplest treatment
is to plot the percentage of letters correct. This,
in fact, will be done for all later comparisons.
The present problem is to find a reasonable meas-
ure to enable comparison between the partial
report and the immediate-memory data for the same
stimuli, The measure, percent correct, does not
describe the results of the immediate-memory
experiments parsimoniously. In Experiment 1 it
was shown that Ss report a constant number of
letters, rather than a constant percentage of
letters in the stimulus. The measure, number of
letters correct, is inappropriate to the partial re-
port data because the number of letters which §
reports is limited by the E to at most three or
four. The most reasonable procedure is to treat
the partial report as a random sample of the
letters which the S has available, Each partial
report represents a typical sample of the number
of letters S has available for report. For ex-
ample, if an S is correct about 90% of the time
when he is reporting three out of nine letters, then
he is said to have 90% of the nine letters—about
eight letters—available for partial report at the
time the instruction tone is given,

In order to calculate the number of available
letters, the average number of letters correct in
the partial report is multiplied by the number of
equiprobable (nonoverlapping), partial reports, If
there are two tones and two rows, multiplication
is by 2.0; if three, by 3.0. As before, only the
number of correct letters in the correct position is
considered.

Results. The development of the final,
stable form of the behavior is relatively
rapid for Ss giving partial reports. The
average for all Ss after 30 trials (first
session) with the 3/3 stimuli was 4.5; on
the second day the average of 30 more
trials was 5.1. On the third day Ss aver-
aged 5.6 out of a possible six letters. Most
of the improvement was due to just one §':
ND who improved from 2.9 to 5.8 letters
available. In the 3/3/3 stimulus training,
all Ss reached their final value after the
initial 40 trials on the first day of training.
The considerable experience Ss had ac-
quired with the partial reporting procedure
at this time may account for the quick
stabilization. NJ, whose score was 7.7
letters available on the first 20 trials, was
given almost 150 additional trials in an
unsuccessful attempt to raise this initial
score. ‘ :

In Fig. 3 the number of letters available
as a function of the number of letters in
the stimulus are graphed as the upper
curves.. For all stimuli and for all Ss, the
available information calculated from the
partial report is greater than that contained
in the-immediate-memory report. Moreover,
from the divergence of the two curves it
seems certain that, if still more complex
stimuli were available, the amount of avail-
able information would continue to increase.

The estimate above is only a lower bound
on the number of letters that S's have avail-
able for report after the termination of the
stimulus. An upper bound cannot be ob-
tained from experiments utilizing partial
reports, since it may always be argued that,
with . slightly changed conditions, an im-
proved performance might result. Even the
lower-bound measurement of the average
available information, however, is twice
as great as the immediate-memory span.
The immediate-memory span for the 4/4/4
(12-letters and numbers) stimuli ranges
from 3.9 to 4.7 symbols for the Ss, with
an average of 4.3. Immediately after an
exposure of the 4/4/4 stimulus material,
the number of letters available to the Ss
ranged from 81 (ND) to 11.0 (ROR),
with an average of 9.1 letters available.
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This number of letters may be transformed
into the bits of information represented by
so many letters. For the 4/4/4 (12-letters
and numbers) material, the average number
of bits available, then, is 40.6, with a range
from 36.2 to 49.1 (out of a possible 53.6
bits). These figures are considerably higher
than the usual estimates. For example, in
a recent review article Quastler (1956)
writes: “All experimental studies agree
that man can . . . assimilate less than 25
bits per glance” (p. 32). The data obtained
in Experiment 3 not only exceed this maxi-
mum, but they contain no evidence that the
information that became available to the
Ss following the exposure represented a
limit of “man” rather than a maximum
determined by the limited information con-
tained in the stimuli which were used.

Experiment 4: Decay of Available
Information

Part 1: Development of Strategies of
Observing

It was established in Experiment 3 that
more information is available to the Ss
immediately after termination of the
stimulus than they could report. It remains
to determine the fate of this surplus in-
formation, that is, the “forgetting curve.”
The partial report technique makes possible
the sampling of the available information at
the time the instruction signal is given. By
delaying the instruction, therefore, decay of
the available information as a function of
time will be reflected as a corresponding
decrease in the accuracy of the report.

Procedure. The principal modification from the
preceding experiment is that the signal tone, which
indicates to the S which row is to be reported, is
given at various other ‘times than merely “zero

delay” following the stimulus off-go. The follow- -

ing times of indicator tone onset relative to the
stimulus were explored: 0.05 sec. before stimulus
onset (—0.10 sec.), *0.0-, +0.15-, +0.30-, +0.50-,
+1.0-sec. delays after stimulus off-go. The stimuli
used were 3/3, 4/4.

The Ss were given five or more consecutive
trials in each of the above conditions. These trials
were always preceded by at least two samples in
order to familiarize S with the exact time of
onset. The particular delay of the instruction
tone on any trial was thus fixed rather than chosen

randomly, The advantages of this procedure are
(a) optimal performance is most likely in each
delay condition, if S is prepared for that precise
condition (cf. Klemmer, 1957), (b) minimizing
delay changes makes possible a higher rate of
stimulus presentations. .On the other hand, a
random sequence of instruction tone delays would
make it more likely that § was “doing the same
thing” in each of the different delay conditions.

The sequence in which the different delay con-
ditions followed each other was chosen either as
that given above (ascending series of delay con-
ditions) or in the reverse order (descending
series). Within a session, a descending series
always followed an ascending series and vice versa,
irrespective of the stimulus materials used. At
least two ascending and two descending series of
delay conditions were run with each S and with
each material, after the initial training (Experi-
ment 3) with that material. This number of trials
insures that for each S there are at least 20 trials
at each delay of the indicator tone,

Results and discussion. The development
of the typical behavior is illustrated by the
S, ROR, in Figs. 5a, b, c. Figure 5a shows
ROR’s performance in a single session, the
first posttraining session. The upper and
lower curves represent the ascending and
descending series of tone instruction delays,
respectively. The arrows indicate the order.
Although each point is based upon only
five trials, the curves are remarkably similar
and regular. Clearly, most of the letters
in excess of ROR’s memory span are for-
gotten within about 0.25 sec. The rapid for-
getting of these letters justifies calling this a
short-term memory and accounts for the
fact that it may easily be overlooked under
less than optimal conditions. In the follow-
ing session (Fig. 5b) the descending series
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Fic. 5. Partial report of eight (4/4) letters,
three consecutive sessions. Arrows indicate the
sequence in which conditions followed within a
session, The light flash is shown on same time
scale at lower left of each figure, Bar at right
indicates immediate-memory for this material, One
subject (ROR).
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was given first. Here orderly behavior dis-
integrates. In the third session (Fig. 5c)
two modifications were introduced: (a) the
number of trials in each delay condition was
increased to eight and (b) a new delay con-
dition was given—namely, a signal tone com-
ing 0.05 sec. before the stimulus onset. The
curves are again regular, but they are ob-
viously different for the ascending and de-
scending series. For the session indicated in
Fig. Sc, an analysis of the errors by position
shows that in the ascending series the errors
are evenly split between the top and bottom
rows of the stimulus; in the descending
series, the top row is favored 3:1.

ROR’s performance is analyzable in
terms of two kinds of observing behavior
(strategies) which the situation suggests.
He may follow the instruction, given by E
prior to training, that he pay equal attention
to each row. In this case, errors are evenly
distributed between rows. Or, he may try
to anticipate the signal by guessing which
instruction tone will be presented. In this
case, S is differentially prepared to report
one row. If the signal and S’s guess coin-
cide, S reports accurately; if not, poorly.
Such a guessing procedure would lead to
the variability observed in Fig. 5b. On the
other hand, § may prefer always to antici-
pate the same row—in the case of ROR
(Fig. 5¢, descending series), the top row.
This would again allow reliable scores, pro-
vided only that there are an equal number
of instruction signals calling for the top and
bottom rows. Concomitantly, a differential
" accuracy of report for the two rows is
observed. (ROR’s preference for the top
row is again prominent in Experiment 7,
Figs. 10, 11.)

Equal attention responding is initially
reinstated on the third day. The obvious
change in procedure which is responsible
is the introduction of a tone 0.05 sec. before
the stimulus onset (—0.10 sec. “after” its
termination). This signal is sufficiently in
advance of the stimulus so that perfect
responding is possible by looking at only
the row indicated by the signal tone. ROR
scores 100%, both in this condition and in
the succeeding zero delay. The whole
(ascending series) decay curve of Fig. Sc

is highly similar to that of Fig. 5a. A run
with 3/3 stimuli was interposed between
the ascending and descending series shown
in Fig. 5c. Since the guessing procedures
were easily sufficient for a nearly perfect
score with 3/3 materials, when the descend-
ing series of delay conditions was run, ROR
continued guessing. While guessing was
advantageous at the long delays, at the short
delays it was a decided disadvantage.
Figure 6 illustrates the performances of
RNS, a sophisticated observer. RNS de-
scribed the two strategies (equal attention,
guessing) to E. In accordance with the
instructions to do as well as he could, RNS
said that he switched {rom the first to the
second strategy at delays longer than (.15
sec. Thus in the three short delay con-
ditions, RNS divided his errors almost
evenly (19:21) between the favored (top)
and the unfavored rows; in the two longer
delays, errors were split 4:26. The dip in
the curve indicates that RN'S did not switch
strategies quite as soon as he could have,
for- optimal performance. Such a dip is
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Fic. 6. Partial report of eight (4/4) Iletters,
last of three sessions. Arrows indicate the se-
quence in which conditions followed within session,
The light flash is shown on same time scale at
lower left. Bar at right indicates immediate-
memory for this material. (RNS)
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characteristically seen in experiments of this
kind.

The other Ss exhibit similar curves.®
These are not presented, as the main fea-
tures have already been demonstrated by
ROR and RNS. In summary, the method
of delaying the instruction tone is a feasible
one for determining the decay of the short-
term memory contents, but experience with
the difficult, long. delays causes a consider-
able increase in the variability of Ss’ per-
formance which is carried over even to the
short delay conditions. This has been at-
tributed to S's’ change from an equal atten-
tion to a guessing strategy in observing the
stimulus.®

Part 2: Final Level of Performance

The analysis of the preceding experiment
has indicated that two distinct kinds of
observing behavior develop when the in-
struction to report is delayed. The accuracy
of report resulting from the first of these
behaviors (equal attention) is correlated
with the delay of the instruction tone; it is
associated with the S's initially giving equal
attention to all parts of the stimulus. The
accuracy of the other kind of report (guess-
ing) is uncorrelated with the delay of the
instruction ; it is characterized by S’ differ-

ential preparedness for some part of the

stimulus (guessing). Equal attention ob-

serving is selected for further study here.
The preceding experiment suggests three
modifications that would tend to make equal.
attention observing more likely to occur,:

with a corresponding exclusion of guessing.

1. The use of stimuli with a larger number
of letters, that is, 3/3/3 and 4/4/4. Dif-

8 See Sperling (1959) for tables containing iﬁdi-'

vidual ‘averages of all trials for each S at each
delay of instruction tone: 3/3, 4/4.

® Increase in variability (with consequent decre-
ment 'in accuracy and/or speed) is not unusual
after difficult conditions. For example, Cohen and
.Thomas (1957) in a clinically oriented study have
reported an exactly analogous “hysteresis” phe-
nomenon in a study of discriminative reaction time.
Hysteresis refers to the fact that, when the diffi-
culty of an experimental task is changed, the cor-
responding change in accuracy of response lags
behind the change in task.

ferential attention to a constant small part
of the stimulus is less likely to be rein-
forced, the larger the stimulus. The use of
three tones instead of two diminishes the
probability of guessing the correct tone.

2. Training with instruction tones that
begin slightly before the onset of the
stimulus. It is not necessary - for S to guess
in this situation since he can succeed by
depending upon the instruction tone alone.
This situation not only makes equal attention
likely to occur, but differentially reinforces
it when it does occur.

When delays of longer length are tested,
priority should be given to an ascending
series of delays so that .S will, at the be-
ginning of a particular delaysequence, have
a high probability of entering with the de-
sired observing behavior. This probability
might be nearly 1.0 by interposing a series
of trials on which the instruction is given
in advance of, or immediately upon, termi-
nation of the stimulus and requiring that §'
perform perfectly on this fask before he
can continue to the particular delay being
tested.’® This tedious procedure was tried;
but, as it did not have an appreciable effect
upon the results, it was discontinued. The
problem is that Ss learn to switch between
the two modes of behavior in a small num-
ber of trials.

3. The E may be able to gain wverbal
control over S modes of responding. In-
itially, however, even S cannot control his
own behavior exactly. This suggests a
limit to what E can do. For example, fre-
quently S's reported that, although they had
tried to be equally prepared for each row,
after some tones they realized that they
had been selectively prepared for a par-
ticular row. This comment was made both
when the tone and the row coincided and
(more frequently) when they differed.

10Tt takes, on the average, a very large number
of trials for S to get 10 consecutive perfect trials
even if he has 6 or 7 of 9 letters available or
knows with 2/3 probability what the tone will be.
Success in this task within a reasonable time limit
demands a level of excellence reached only with
“equal attention” observing, as judged by the
other criteria.



